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FOREWORD

The results reported herein encompass study efforts performed on the
""Zero-Gravity Atmospheric Cloud Physics Experiment Laboratory ~ Engi-
neering Concepts/Requirements/Design Trade -offs Study' conducted for the
NASA Marshall Space Flight Center (MSFC) by the McDonnell Dauglas
Astronautics Company, This report supplements and updates the informa -
tion provided by the "Zero-Gravity Cloud Physics Laboratory Candidate
Experiments Definition and Preliminary Concept Study' and contained in

NASA reports CR 128998, CR 129002, and CR 129013,

The primary goal of the above efforts is to define the experiment program
and the laboratory concept for a Spacelab payload to perform cloud micro-
physics research. This multimission laboratory is to be available to the
entire scientific community to utilize in furthering the basic understanding
of cloud microphysical processes and phenomenom, thereby contributing

to improved weather prediction and ultimately to provide beneficial weather

control and modification.

The study scope performed by the McDonnell Douglas Astronautics Company,

Biotechnology and Space Sciencies Subdivision, involved the following tasks:

Task 1 — Experiment Laboratory Subsysterm Requirements

Experiment laboratory subsystem requirements were reviewed, expanded,
and finalized in accordance with the technical guidelines, The experiment

classes were utilized to establish the engineering desiyn requirements for the

Ten— ot s e aae

cloud chamber's subsystems, The cloud chamber's subsystems and the
experiment classes were evaluated to establish the parameter ranges and
tolerances for the ancillary subsystems, as well as for data recording,
transmission, and storage equipment, Experiment classes were used to

determine the laboratory geometry requirements and operational controls,
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Task 2 — Experiment Laboratory Subsystem Definition

Tradeoff evaluations were conducted on ali the cloud chambers and ancillary
subsystems to establish final subsystem definition. Each subsystem was
defined to the component level, and subs:stem schematics were prepared.
Tradeoffs were based on standard enginecriag criteria (weight, power, vol-
ume, development, status, etc.), Spacelab payload requirements, and with

regard to keeping development costs and schedule increases at a minimum,

Task 3 —Experiment Laboratory Technology/Development

Component functional requirements and design specifications were developed
in sufficient depth to permit evaluation of currently existing component tech-
nology. A survey of component status was conducted and a detailed status
summary prepared, This status list identified (1) components currently
existing that meet laboratory requirements, (2) components that can be
readily modified, and (3) technology-deficient components and equipment that
will require prototype development, Component development plans were
formulated, in conformance with the subsystem definitions, for all technology
deficient components, Subsystems contamination specifications must be
established for the various experiment hardware configurations. Procedures
must be established for meeting the contamination specifications and main-

taining the required cleanliness levels throughout the mission.

Task 4 — Subsystems Evaluatior

Cloud Chambers

Assessment of selected cloud chamber subsystem concepts requiring technol -
ogy advancement or design modification was conducted. The effort performed
placed primary emphasis on chamber compatibility with envisioned experi-
ment usage on Spacelab, Priority was given to cloud chamber subsystems
required for the "high-priority' experiments that have identified technology
deficient components, Cloud chamber subsystems were evaluated to provide
assurance of both compatibility with the envisioned experiment classes and
design adequacy for experimenter -astronaut operation, including safety

considerations.
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Ancillary Equipment

Selected ancillary subsystems requiring technology advancement or design
modification were evaluated. The effort performed placed primary emphasis
on subsystem compatibility with envisioned experiment usage on a Spacelab,
Ancillary subsystems were evaluated to provide assurance of design adequacy
over the required parameter ranges and tolerances, with both manual and
automatic operational control. Evaluation of safety factors and maintenance

concepts was performed.

Task 5 — Laboratory Definition

The definition of the experiment laboratory was performed to the level
required to permit fabrication of a soft mockup. The laboratory definition
reflected the results of the program analysis conducted under this scope of
work, The laboratory was based on updated Sps.ce Shuttle and Spacelab
capabilities, and upon criteria in Appendix A and Appendix B in the RFP.
Subsystem schematics reflecting the results of program experimentation
were prepared and defined equipment to the component level. Interfaces
between subsystems and between the cloud physics laboratory and the
Spacelab were delineated. Location of subsystems and equipment within the
laboratory were specified. Estimates of weight, power, volume, develop-
ment, fabrication, and operation costs, mission timeline, and development

schedule were provided,

Task 6 — Data Management

A preliminary plan for managing data and its processing requirements was
accomplished to include a conceptual operational mode for the laboratory
based on current Shuttle system concepts, A data management and proc=
essing plan was provided that shows the relationship with raw data, filtered
data, data handling techniques, etc., and all interfaces as required relative
to ultimate delivery of data to the experimenter, Typical flow patterns were
developed,

Task 7 —Cost, Schedule, SRT Requirement
The contractor identified and defined (Phase B —C/D) the costs and cost
spreads required to design, develop, and fabricate the laboratory equipment,

instruments, instrumentation, etc. The contractor identified a development
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schedule for the laboratory (Phase B — C/D) and also identified the required
areas of supporting research and technology (SRT) required to support the

development of the cloud physics laboratory. All priority categories of SRT
technology were included as part of the basic laboratory development efforts

by the contractor or his subcontractors.

This project is being conducted on behalf of NASA's Office of Applications
and Office of Manned Space Flight, The progress of this Space Shuttle/
Spacelab payload has been enhanced by the enthusiastic response and support
provided by the members of the cloud physics scientific community. This
support is based on the recognition of the significant potential that such a
payload may provide to the advancement of the basic understanding of cloud
microphysical processes and phenomena. Comments on the contents of this

report will be welcomed.
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INTRODUCTION

linderstanding the microphenomena of cloud physics is one prerequisite to
accurate prediction and practical modification of the weather., This under -
standing can be furthered by conducting certain experiments outside the
influence of gravity —hence NASA's Cloud Physics Laboratory, scheduled to
begin operating with Spacelab aboard the Shuttle in the early i980's,

Why does one cloud produce a torrent of large, hammering raindrops — a
cloudburst — while others precipitate only a fine drizzle? Why does one
cloud rapidly develop and separate electrical charges, producing lightning
and thunder, while other, outwardly similar clouds do not? Out of a field of
thousands of clouds, several hundred of which contain thunderstorms, why

does one develop into a tornado?

It has long been recognized that the answers to these and many other ques-
tions about atmospheric behavior depend to a substantial degrec upon obtain-
ing a better understanding of the microphenomena of cloud physics. For the
past 30 years microphysicists, physical chemists, applied physicists, and
metcorologists have been deeply involved in concentrated studies aimed at
developing such an understanding. Their work — combined with advances in
ficld observation, data gathering, and information processing — has lead to
the improved forecasting we enjoy today, as well as to our lirnited capability
to s.imulate or inhibit precipitation, In fact, the National Advisory Com -
mitte2 on Oceans and Atmospheres (NACOA) states in its Second Annual
Repor. to the President and the Congress that ''. . . we appear to stand on
the threshold of practical weather modification, , . . "

The ability to control the weather can bring enormous benefits to man, It
has been estimated that the ability to forecast accurately for only five days in
advance would make possible savings of $2-1/2 billion per year in agri-
culture, $3 billion in management of water resourccs, $75 million in retail

marketing, and $100 million in surface transportation.

vii
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These estimates are for the United States alone. Worldwide figures would
be many times as great. And if such savings could result from the ability
to forecast precisely and reliably for a mere five days ahead, the savings

and increased productivity that would arise from the ability to predict the

weather for months in advance, and to change it materially in desired

localities, would be almost unimaginable.

A great deal of research remains to be done before weather forecasting and
control capabilities of such scope can be achieved. NACOA points out that

. + it is now time to increase the relative effort on smaller~scale meteoro-

‘ogical phenomena . . ."

, while the joint Panel on Weather and Climate
Mcdification of the National Academy of Sciences and the National Research
Council has underscored the need for quantitative information at the micro-
phenomenal level. Processes such as nucleation, growth of droplets ind
ice crystals, generat.on and separation of electrical charges, and "scaveng-
ing' (collection of gases and other atmospheric constituents by droplets

and crystals) are of fundamental importance. Many aspects of these micro-
phenomena are independent of gravity, and adequate observation under lab-

oratory conditions demands that gravitational effects be absent.

It is the mission of NASA's Cloud Physics Laboratory (CPL) to make these
gravity-free observations practical, productive, and economically feasible.
Conceived as a reusable, general-purpose facility for manned research in
low earth orbit, the CPL will be available for experiments originating both
outside and within the government. With a planned operational life of
several years, the laboratory will accommodate a broad range of experi-
ments and will be adaptable to the program dynamics and the needs for
supplementary experiments that will develop as the investigations progress.

The laboratory will be flown aboard the Space Shuttle (Figure 1) as a 'partial”
Spacelab payload., (The CPL will use only a portion of the bay space, sub-
sysiem support, and missjion time available, and thus will be combined with
other payloads to make up a Shuttle/Spacelab mission.) The astronaut-
experimenter, working in a shirtsleeve environment, will conduct the cloud
physics experiments under the direction = via real-time communication,

vili
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where necessary — of principal investigators on the ground. First

operations will be in the early 1980's.
GRAVITY: THE NEED FOR ITS ABSENCE

The difficulties that gravity creates in cloud physics investigations are
related to the physical dimensions of the field in which the phenomena of
interest occur in nature, as compared to the size of the observational volume

that can be constructed in the laboratory,

A large cloud may be many cubic miles in volume. The constituents within
the cloud ~ nuclei, droplets, crystals, gases, and so on — are free to move
for miles in buoyancy or free fall. During these movements, they are con-
stantly forming, dissipating, associating, dissociating, or passing from one
state of matter to another. The average lifetime of discrete particles or
groups of particles is 20 to 30 minutes. Within this time, exchanges of
electricity and heat take place; droplets and crystals grow, freeze, thaw,
evaporate, or precipitate; and the redistribution of energy that produces our
weather occurs, Particle diameters are extremely small (0.1 micron is
common), and differences in temperature and electrical charge, though often

minute, are highly critical,

The researcher attempting to study these phenomena in the terrestrial lab-
oratory must work with a pressure-temperature-humidity chamoer that
encloses only a minuscule fraction of the volume contained in a natural cloud,
When with elaborate care he has produced within this chamber the particles
that he wishes to study, he has only a few seconds to observe them before
they drift to the chamber floor., If he requires a longer time, he must some-
how hold his specimen in place against the pull of gravity, Techniques used
for this purpose have included capturing individual particles and placing them
on surfaces of waxed paper, teflon, copper, or stainless steel; hanging them
on thermocouples; suspending them on threads or on fragments of a spider's
web; and "clamping' them between the surfaces of two immiscible liquids.

All of these methods have been used with some success —and all have been of
only limited value because they introduce effects or forces greater in



magnitude taan those being studied, or becaase they prevent interactions

among atmospheric constituents.

Several approaches have been tried in attempts to avoid gravitational eff

for longer periods of time. Drop towers have been used to obtain nea- -
zero-g conditions for up to four seconds, and aircraft flying on low-g para-
bolic trajectories can permit observaticns 14 to 20 s conds long. Vertical
wind tunnels, by suspending particles in an upward-moving column of air,
have permitted the 20- to 30-minute experiment durations required, but only
a small range of particle diameters can be observed at one time because
particles of different sizes differ in acrodynamic buoyancy —and uniformity

of particle size does not occur in nature,

Sounding rockets and automated satellites have been considered for <loud
physics research, but neither has been used. Sounding rockets have been
neglected because no more than 10 minutes of experiment time could be
obtained per flight, and satellites have had nc serious advocates because only
limited power, volume, weight, and expendable supplies could be put into
orbit —at great expense for experiment automation, data management,

thermai and attitude control, and launch,

The manned orbital approach, in contrast, entails no significant constraints.
Five or more days of experiment time will be available on Shuttle/Spacelab
missions., Particles can be floated in the cloud chamber for the natural
duration of the processes being observed. Conditions of temperature,
pressure, and illumination can be varied as nceded, while thermal, elec-
trical, and moisture parameters can be closely controlled and easily altered.
Thus particles can be grown, diminished, frozen, thawed, evaporated, and
allowed to migrate, collect, combine, and dissociate just as they would do

in a natural cloud — all under conditions conducive to microscopic obser-

vation, photography, and precision instrumentation.
By providing tese capabilities, the Cloud Physics Lal:oratory will make

possible investigations that could not be conducted before — but it will by no

means supersede the terrestrial laboratory. As indicated in Figure 2, many
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clcud microphcnomena are gravity-dependent or involve gravity-dependent

factors, and much work remains to be done in these areas.

Nor will the CPL go aloft without owing a direct debt to earlicr low-g tech-
niques. Drop towers and parabolic aircraft flights have application for
development of laboratory elements such as droplet generators and environ-

ment controllers,

As a complement to terrestrial laboratories, the CPL may produce tech-
nological-fallout benefits for carth-based cloud physics research. At pre-
scnt, ter-estrial laboratories tend to be highly specialized for investigation
of closely defined microphysical processes. Henrce they usually employ one-
of-a-kind cxperiment chambers, instrumentation, and support systecms. The
CPL, which will usc interchangeable chambers supported by standardized
systems and a considerable degree of automation, will make available many
efficient apparatus concepts and standardized designs that may both ease the
tasks of experiment conception and preparation and furnish a basis for direct

exchange and comparison ot data among rescarchers,
THE CPL CONCEPT AND HOW IT GREW

The concept of a manned orbital laboratory for zcro-g research in cloud
physics was first systematically evaluated during the late 1960's as part of
ar analysis of rescarch and engineering requirements in oceanography and
meteorology. This analysis, sponsored by Marshall Space Flight Center,
found that the laboratory would be prohibitively expensive if it were self-
contained and independently launched, However, it would be ecnnomically
attractive if it could be attached to and supported by a host vehicle that would
provide environmental control, life support, attitude control, data manage -
ment, communications, and crew quarters for common ¢upport of several
similar laboratories, Such a host vehicle, the Space Station, was then under
study and appeared able to accommodate the CPL with minimum impact on

operations, weight, volume, and support systems,

Discussions follow2d between MSFC and leading ~:..:. physicists in univer-

sities, government laboratories, and private rescarch organizations. These

i




contacts led to the establishment of the Cloud Physics Laboratory as a NASA/
MSFC project sponsored by the Office of Applications.

The project approach was aimed from the outset at responding to the research
needs of the scientific community. Experiment suggestions were solicited
from more than 200 scientists representing 54 organizations, and over 20
visits were made to organizations and laboratories. The experiment sug-
gestions submitted in response, and the corresponding equipment require-
ments, formed the basis for development of experiment classes and pre-
liminary definition of the laboratory design,

Individual scientists participated in organizing the experiment suggestions
into classes and in defining objectives, approaches, experimental methods,
equipment, instrumentation, and data to be obtained for each class. The
results of these efforts, together with the laboratory concept that evolved
in parallel with the classification and survey work, were reviewed by a

group of distinguished cloud physics researchers.

This same approach has been used to reiine and adapt the experiment
classes as planning for the national space effort has progressed from the
original Space Station concept to the current Shuttle/Spacelab combination.
The present experiment classes are summarized., The requirements of
these 21 classes can be met by six cloud-chamber types. Two or more

Shuttle/Spacelab fl: ;ats per year will be needed over a 10~year period,

The laboratory (Figure 3 and Figure 4) will occupy a portion of a Spacelab
module mounted in the Shuttle Orbiter payload bay and will be dependent
upon the host configuration for power, heat rejection, data management,
communications, and .istronaut-experimenter accommodations. The CPL
console as currently defined will be 2. 70 meters in length, 2.72 meters in
height, and 1.24 meters in maximum depth. Laboratory weight will be
between 998 and 1368 kilograms, and average power demands will range

from 756 to 1155 watts.

The primary criteria underlying laboratory design definition have been value
to the experiment program, low cost, and flexibility to accommodate evolving

xiv




CR78

GAS SAMPLE
BOTTLES(S)

WORK VOLUME

DRY AIR
STORAGE

/

X
\
§

EXPANSION
ASSEMBLY

HUMIDIFICATION ASSEMBLY

THERMAL CAPACITOR
CONTACT HEAT EXCHANGER
AND PUMP MODULE

Figure 3. Cloud Physics Laboratory —Outboard View

yr e sty - e ey S mian % e e———————



xvi




AR At € ANt R oirn oy

SUMMARY OF EXPERIMENT CLASSES

Primary Alternate
Experiment Class Number and Title Chamber* Chamber*

1. Condensation Nucleation CFD

2. Ice Nucleation SDI E

3. Ice Multiplication SDI E

4, Charge Separation SDI G

5. Ice-Crysta! Growth Habits SDI E

6. Scavenging SDI G

7. Riming and Aggregation SDI G

8. Droplet-Ice Cloud Interactions SDI E

9. Homogeneous Nucleation SDI E
10, Collision-Induced Freezing SDI G
11, Saturation Vapor Pressure SDI1 E
12. Adiabatic Cloud Expansion E -
13, Ice Nuclei Memory E SDI
14, Terrestrial Expansion Chamber Evaluation E -
15. Condensation Nuclei Memory E SDL
16. Nuclei Multiplication G E
17, Drop Collision Breakup G SDI
18, Coalescence Efficiencies G SDI
19, Static Diffusion Chamber Evaluation SDL -
20. Unventilated Droplet Diffusion Coefficients SDL E
21. Earth Simulation ES -

*CFD = Continuous- flow diffugion

E = Expansion
G = General

SDI - Static diffusion, ice
SDL = Static diffusion, liquid

ES = Earth Simulation
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program requirements. Basic subsystems will be designed to remain the
same from mission to mission, but features permitting convenient and
economical modification or changeover to advanced subsystems will be
incorporated to provide for growth and contingencies during the projecied
operational lifetime. Instrumentation, control, and data recording will fea-

ture extensive automation with manual override.

Five standardized cloud chambers (Figure 5) will constitute the primary exper-
iment apparatus. These chambers will be furdamentally identical to those
used in terrestrial laboratories but will be d .stinguished by design features
tailored to manned orbital experimentation. Among these features will be

heat pipes for thermal control (to conserve power), reduced thermal mass

(to reduce weight and increase efficiency in use of experiment time), water
reservoirs and flow controls designed for zero gravity, and provisions for
meeting the stringent standards of safety and reliability essential to manned
space operations. A macroscale experiment, using an earth simulation
chamber (ES), has shown a high degree of commonality with microscale

experimentation and is presently defined for inclusion in the CPL concept.

THE LABORATORY IN USE

CPL project planning is keyed to making the laboratory available on a sched-
ule compatible with achievement of initial operational capability by the
Shuttle and Spacelab, The first two laboratory launches from Kennedy Space
Center will be separated by six months, The intervals between missions
thereafter will be based on the hours of experimentation required, the time
necessa.y to prepare for each mission, and the flight frequency needed to
complete the experiment program within a reasonable period,

Two CPL's are envisioned at this time, Assessment of factors such as

flight frequency, preparation time required between flights, design life,

life ~.cycle cost, and flexibility of mission opportunities indicates that this
number of units will be adequate to assure attainment of project objectives.
Normally, one of the laboratories will be in launch preparation and in orbit
while the other is being repaired, refurbished, and modified after completion

avill



(Z )0 1 104S) sizawey) pno)) -G 21nBiy

W4286Z'0 31VH MOT3
2009 010 J00L 010 3001 010 ZL-14)1)1v
Jol'0 ¥ 134 30200 7 134 00200 = 134
Jol *S8vY Jol'0 =S8V Jol'0 *S8V IONVH3IT04
J0S€+ Ol 2009 J0SE+ OL 200 JoSt+ O1 200 IUNLVEINIL
%S0 = 13y %S0 7 134 %100 = 134
%L = Sav %L 3 SEY %200 = Sav JONVHIT04
%0ZL O1 %08 %E£0L O1 %001 %£0L O1 %001 ALIGINOH
JAILVIIY
ww | 373y wwi 3y wwi s 33y
ww 0l *SgvY ww o} = sgvY ww g 3 sgy IONVHI0L
ww oyl 01 092 ww ¥l 01 09¢ ww oL 01 09L | IONVYH IUNSSIHG
s3ianis s3ianis

S31ANLS TVISAHI 301

3dVHS '32IS — 1Nd1NO
uni > ¥Y3I13IWVIQ

IDNLHvd >w

S32v4Hns 301

Iy >23

{13S} 301
‘NOISN441Q J1LViS

i N ey I

uwooL

=

ta

9¢ ¥d

NOILVYITIONN NOILVYSNIANOD

ATINO SHIEWNN — 1NJLNO
wroL > Y313IWVIQ

3VNILYYd >w 7 100

S3AJVIHUNS AINDIN

Iy >21

. (1as) aInoiy
NOISN441Q J11V1S

wg'L

Z1 L
T

wgL

NOILVITIONN NOILYSNIAONOD

NOILNBIYLSIA IZIS — LNALNO
wr oL > ¥YILIWVYIQ

I3TDILYYd >w T 100

$32V4HNS AINDIY

11 >23

(@340 NOISN331Q
MOT3 - SNONNILNOD

=
hg PR
—~ g &L

I R - B

R LR O AP NIINL R RV NTTS NN

S




Jol 010

J0t0'0 - 13y
Jol’0 = S8V
J0GE+ Ol JnSl+

V/N

V/N
1N3JIgNY

Jot’0 + 134
Jol * S8V
D0GE+ 04 J01L-

%S0 ~ 13
%l * SV
%56 OL L

ww | 334
ww oL *»S8gv
ww Oopl C1 09¢

(Z 40 Z 300ys) siaquiey) pnoyg -G aunbiy

- Z1—-1l1)4v
20500 - 134
%50 - sav 39NVH3 101
50G€+ 01 Dot JHNLVHIJWIL
%G 0 < 134
%l - SAY 39NVHITOL
%001 OL L | ALIGIWNH 3AILYI3Y
ww 1’0 5 13Y
ww Z . 58y 3ONVHIT0L

wis Opl O1 09¢ JONVY 3HNSS3Hd

xx

S$31dN 1S NOILD3IANOD
HVI0S ONV AYVLINVd
23S/Advd 9 — 31vd NOtILviOoH
QiN71d4 4O SNINNNY
TVvIOIH3IHdS ONILVYL1OH
A31v3iH ATTVILN3Y3 4410

{S3) NOILVINWIS H1Y¥V3

”w\ﬁ

[y =

9L W)

SNOILIOVYHILNI
371011HV4-30HVY

w001 <S13740HA
Sa73i4 21412313

(9) Tv"3INID
I~ wo 0t

S$S31GN1S NOLLY INWIS ANO1)D
EF4L)
NY3IW ‘SHIBWNN - LNdLNO
NOISNYdX 3 D11v8vIiay
W ool - Y313
“WVIQ 31011HYd >w " 100
SI1IvM Q31009
S3IIV4HNS DIHOHdOHAAH

(3) NOISNVX3 |

—

wd g

_

TIEUS..!_

- St b e Ol o kAR s s s o o ey s witbalige Tt T
£ at - Kie %%%rﬁﬂ%&g?&h%ﬁﬁﬁg oty et o

N

B LT —_—




Fo e oo

of a mission. In coping with contingencies, the existence of two units —

combined with designed-in cconomy and rapidity of repair and refurbishment —

will permit the laboratories to serve as backups for each other and will
impart an ability to take advantage of mission upportunities that may arise
from failure of other payloads to meet their flight schedules, NASA, work-
ing closely with laboratory users, will be responsible for the CPL throughout
the entire mission-preparation cycle, from refurbishment and modification
through provisioning and mating with Spacelab and the Shuttle, to the launch
itself,

It is expected that most laboratory users, particularly during the early por-
tion of the opecrational phase, will represent the domestic and international
scientific communities. For each mission, a team of principal investigators
will be organized among the users, with sclections and assignments being
made by a pane) of senior cloud physicists, meteorologists, cloud modelers,
and field experimenters. The principal-investigator teams will formulate

the detailed experiment objectives and timelines, assist in astronaut-
experimenter training and launch preparations, support flight operations,
debrief the astronauts, reduce and evaluate the experiment data, and pre-

pare the experiment reports.

It is also anticipated that interests such as shipping, fisheries, forestry, air
transport, and agriculturc may wish to become involved in CPL operations.
The participation of such potential uscrs has so far been indirect (through
contact with the scientific community), but as the project matures, the NASA
procedure for announcement of flight opportunitics will be used to alert
special-interest organizations that may desire to support research, par-

ticipate in mission planning, or engage directly in experimentation.
GETTING THERE FROM HERE

The Cloud Physics Laboratory project is now gathering the increased momen-
tum that will culminate in orbital opcrations. Studies to refine the experi-
ment program and laboratory concept were completed in 1973. Actual flight
experience was gained on the Apollo 16, Apollo 17, and Skylab missions,

during which precursor qualitative experiments and demonstrations of
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droplet dynamics substantiated the advantages of zero gravity for cloud
physics research and reiterated the value of man as an on-the -gpot experi-
menter and decision-maker, In-depth definition studies now in progress will
lead to preliminary design in 1975, followed by development and qualification
extending from 1976 to 1980,

Much work remains to be done, but the benefits to be drived will make the
journey from 1974 through the operational period well worth the traveling.
Long-range prediction and control of the weather could prove to be one of
the most important single developments tc evolve in the next few decades

from space exploration. The Cloud Physics Laboratory is expected to be

an impourtant milestones in that evolution.
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Section 1
SUMMARY

This study summarizes work accomplished from January 1974 to October
1974 for the Zero-Gravity Atmospheric Cloud Physics Laboratory. This
project involves the definition and development of an atmospheric cloud
physics iaboratory and the selection and delineation of a set of candidate
experiments that require the unique environment of zero gravity or near zero

gravity,

General objectives of the Zero-Gravity Atmospheric Cloud Physics Labora-
tory program are to significantly increase the level of knowledge in atmos-
pheric cloud physics research by placing at the disposal of the terrestrial -
bound atmospheric cloud physicist a laboratory that can:

A. Complement and/or supplement the cloud physics research

performed in terrestrial laboratories,

B. Incorporate design features which would ensure facility usage over
the largest feasible range of research and beneficial application
experimentation,

Provide a unique laboratory for cloud physics researchers, elimi-

G

nating the use of mechanical, aerodynamic, electrical, and other

techniques which tend to ri .ask data results.

Scientific objectives of the Zero-Gravity Atmospheric Cloud Physics Labora-
tory project are: to advance the state of the knowledge in atmospheric cloud
microphysics, to provide an unique laboratory for cloud physics researchers,

and to develop techniques in weather control and modification,

Cloud physics research under zero- or low-gravity conditions offers an
opportunity to answer many problems that cannot be solved in earth-based
laboratories, By taking advantage of zero gravity to define many of the
processes in clouds that are not yet fully underytood, man could influence
weather by changing, for example, drop distributions and nuclei



concentrations, or by adding pollutant compositions. Under zero gravity, an
experimenter can suspend a drop in a chamber and cbLser e its nature tr the
actual time required for various processes and furces to take wffecr The
droplet can be frozen and thawed out, and a2nother drop ci.n be propeiled into
it, Observations can be made of the migration and collection of particulate
matter that may be near or around the drop. These characteristics cannot
be investigated on earth because of gravity and, in some instances, because
of effects of measures taken to offset gravity, Thus, numerous experiments
that cannot be done on earth can be performed in thi. unique environment,
The laboratory will be made available to the entire cloud physics community
so that a wide variety of important experiments can be performed. Paruci-
pation of the scicntific community was encouraged, supporting research was
done at universities, and many valuable suggestions by scientists in

industry, Government, and universities wei¢ iacorporated in the concept,

The results of the study are presented in two volumes:
e Volume ]l —presents the results of the total study effort,
® Volume 2 —presents the detailed approaches identified for each

class of the experiment program

The primary contents of Volume I are described in the following., In Sec-
tion 2, the three phases of the feasibility study (reported in NASA CR
128998, NASA CR 129002, and NASA CR 129013) are reviewed. The first
phase of the study accomplished the following:

A, Developed scientific community support interface,

B. Solicited experiment definitions,

C. Selected high-prisrity experiments,

D. Determined program feasibility,

E. ldentified a concept for multiple experiment cloud physics labora-

tory including subsystems and components,
The second phase of the study accomplished the following:

A. Experiments suggested by the scientific community were defined

and classified,
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B. Twenty classes of such experiments that require zero or low
gravity were identified.

C. Laboratory requirements were determined, based on the experin.ent
class definitions,

D, A multiple experiment laboratory concept was established to

accommodate nearly all the experiments,

The final phase of the study accomplished the following:

A. Experiment program revisions based on scientific community and
Senior Scientific Board evaluation and critique,

B. Establishment of three experiment mission timelines.

C. Formulation of the laboratory concept and major subsystems based
on experiment class requirements,

D. Assessment of project technical risk including identification of
required supporting research and technology (SRT) items,

E. Formulation of key programmatic aspects of the project.

Section 3 presents the summary of the presently defined experiment prograimn.,
The 20 experiment classes for clcud microphysics and the macroscale
experiment class for earth simulator are identified with their objectives,

The primary and alternate cloud chambers for such experiment class are
identified. A summary of the range of experiment timelines is also presented.
The results of the analyses to establish the primary and secondary variables
are presented by experiment class, A priority mission set evaluation and the

total experiment program mission assessment are also presented.

Section 4 describes the rationale, guidelines, constraints, and design fea-
tures used to formulate the laboratory concept. The laboratory description
in:cludes total laboratory characteristics and the subsystems, including
their use and location, Interfaces with the Spacelab, CPL growth, and sci-

entific community participation are included,

Section 5describesthe individual laboratory subsystenis, their assemblies

and components and use by experiment class.



Section 6 contains summaries of the major analyses and tradeoffs performed
in support of the study, These analyses include the evaluation of phenome -
nological factors influencing experiment program conduct. Engineering
analyses include the evaluation of contamination/cleanliness, expendable

quantities, thermal control, and optics design features,

Section 7 is comprised of four separate sections describing the test philosophy
and test plan, preliminary laboratory safety plan, reliability analysis, and

maintainability analysis,

Section 8 describes the Supporting Research and Technology (SRT) items
identified for the CPL, The SRT assessment methodology and priority

ranking are defined,

Section 9 defines the anticipated CPL operations., The project aspects of
operations scheduling, laboratory maintenance, refurbishment and reconfig-

uration, and principal investigator participation are presented,

Section 10 includes the data management and processing plan, The CPL

data processing requirements and their use in establishing data flow to both
the principal investigators and to the CPL operations contractor is cefined,
Identification of Shuttle -Spacelab support and interfaces are included in the

plan,

Section 11 defines the major milestones for the CPL project, the laboratory
project schedule and the supporting subsystem schedules, The schedule

driving factors are presented for all aspects of the project.

The Appendix contains the Work Breakdown Structure (WBS) and Dictionary
for the project, This WBS reflects the status of the laboratory and the pro-
ject as a result of the efforts conducted in the study,

The primary contents of Volume 2 are described in the following,

Section 2 presents the summary of the presently defined experiment program

(as provided in Volume 1 section 3)
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Appendixes A through U present the detailed experiment class descriptions

for Experiment Classes 1 through z1. The detailed descriptions contain the

identification of experiment objectives, justification,

limnitations, and timelines.
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Section 2
PROJECT STATUS AND PROGRESS

The efforts conducted in this study utilized the results of the Zero -Gravity
Cloud Physics Laboratory - Candidate Experiments Definition and Prelimi-

nary Concepts Study (NAS8-28761) as a basis. This study was conducted in

three distinct phases. The results of these efforts are contained in NASA

CR 128998, NASA CR 129002, and NASA CR 129013 for the first, second and

third phases, respectively. The sections identify the status and accomplish-

ments of these study phases.

2.1 FEASIBILITY STUDY — FIRST PHASE (SEPTEMBLK 1971 TO JULY 1972)

A primary objective of the September 1971 to July 1972 phase uf the few.si-

bility and concept study was to encourage suggestions for experiments from

every institution where cloud physics laboratory work is underway, A

parallel objective was to inform everyone working in the discipline about the

objectives of this program,., Agencies involved in weather modification and

field experimentation and cloud -seeding commercial firms were invited to

submit their ideas. Letters were sent to scientists in the field of cloud :
physics and weather modification who had articles published in meteorologi- »
ca! journals from 1968 to 1971, Letters were also sent to those who had pre-

sented papers at the American Meteorological Society cloud physics meetings

including individuals associated with universities, Government laboratories,

and private research organizations, A limited solicitation was made to sci-

entists outside the United States., An explanation of the zero-gravity cloud

physics program was sent to each addressee, including the role of gravity in ’
limiting terrestrial research, the purpose of the solicitation effort, and the &
requirements associated with suggestions —i,e., scientific merit, relevance,

and the need for zero gravity,

In addition to the mail solicitation, visits were made to universities and

Governiaent laboratories where major cloud physics laboratory research
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programs were underway, and individual and group conferences were held
with many leading researchers in the cloud physics field, An announcement
of the study and solicitation effort was also published in the Bulletin of the

American Meteorological Society, Volume 52, Decemuver 1971,

The response to this solicitation was gratifying (Figure 2-1) and served as
the basis fur further analysis to prepare and clarify the experiment sugges -
tions ror detailed study by the NASA-MDAC Senior Scientific Board, The
board independently evaluated the experiment suggestions in terms of sci-
entific merit and relevance and the requirement for zero gravity., Four
internationally known scientists in the field of cloud physics and weather
modification serve on this board: Drs, C.L. Hosler, L,J. Battan,

P. Squires, and H, Weickman,

At its first meeting, held on 3 and 4 February 1972, the Senior Scientific
Board selected and classified a set of experiments that met the major pro-
gram requirements of relevance and scientific merit, as well as the require-

ment for zero or low gravity, The board agreed that the concept of

UOF ALASKA

e Lann
W OTLAND (T LN
1TALY CANAA

INDA
NOAA
LARS *

U OF MA

CLOUD PHYSICS COMMIT IS
AMEHICAN METEOROLOGICAL SOCHEYY

[ INSTITUTIONAL ANALYSIS ]

SOLICITATIONS REPLIES SUGGESTED
SUBWITTED RECEIVED EXPERIMENTS
UNIVERSITIES AND INSTITUTES 2 a "
GOVEANMENT LABRORATORIES \H L} (]
PRIVATE RESEARCH ONGANIZATIONS ] 3 2
FOREIGN METEOROLOGY SERVICES ? [ ] L]
TOTALS L » N

0 INDIVIDUALS CONTRIBUTED 82 EXPERIMENT SUGGESTIONS

Figure 2-1. Solicitation
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accoraplishing significant cloud microphysics research in low or zero gravity

was clearly feasible,

Engineering problems and requirements associated with the development of a
zero-gravity cloud physics laboratory were then identified, This preliminary
engineering analysis delineated the various subsystem requirements for the
laboratory and indicated potential systems and techniques to meet these sub-
system requirements. An additional objective of this phase of the research
was to delineate the long-lead-time requirements of the various laboratory

subsystems,

Tw> major briefings were prepared during the feasibility study, The first
was delivered to personnel of the Marshall Space Flight Center on 23 Feb-
ruary 1972 and to staff personnel in the Office of Applications and the Office
of Manned Space Flight at NASA Headquarters on 24 February 1972, The
second was presented to the Applications Committee of NASA's Space Pro-
gram Advisory Council on 5 April 1972 at Goddard Space Flight Center,
Greenbelt, Maryland, ‘

The briefings established the feasibility of the laboratory and the very
important support of the scientific community, There was also general
agreement that the program should try to take advantage of flight opportuni-
ties prior to Space Shuttle in order to test and develop engineering require -
ments and concepts and to gather some scientific data, Emphasis was placed
on the need for early in-depth definition studies of the candidate

experiments,

Several papers and reports were given on such topics as ""Zero-Gravity
Cloud Physics, " "Zero-Gravity Research in Cloud Physics and Weather
Modification, ' and ""Summary Description of the Zero-Gravity Cloud Physics
Experiment, ' The substance of the material covered is included in the
summary report (NASA CR 128998),

Thus, the significant accomplishments of this study included (1) development
of scientific community support, (2) solicitation of experiment definitions,

(3) selection of high-priority experiments, (4) determination of prograra
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feasibility, and (5) identification of a concept for the multiexperiment cloud
physics laboratory, including subsystems and components of tae laboratory,
with particular emphasis on those items requiring long-lead-tirae research

and development,

2.2 FEASIBILITY STUDY —SECOND PHASE (JULY 1972 TO APRIL 1973)
The primary objective of the July 1972 to April 1973 phase of the feasibility
and concept study was to define the experiment program. A parallel objec-
tive was to define the cloud physics laboratory concept, Scientific community
support was used in the attainment of the above objectives by formulation of
specific experiment class and/or experiment definitions and by part:cination
in definition of specific clcud physics research equipment and instruments,
Additionally, precursor experiments for droplet dynamics and NaCl particle

breakup were defined,

The cloud physics laboratory experiment program formulation was based on
establishment of 20 experiment classes representing different cloud micro-
physical processes, Expanded definitions of the objectives, the benefits to
man and the experiment method for each experiment class were prepared, A
discussion section for each class showed, in detail, the significance of the
problems being studied, the current difficulties in terrestrial laboratory

experiments and the advantages of low-gravity experimentatvion,

Each experiment class description included, as an example for simplicity and
clarity, a definition of a specific experiment, Each class actually includes

many experiments that would require variations in method, procedure, and

data requirements,

Each experiment class was further evaluated to establish the experiment
groups, experiment parameter variations, experiment iterations, and dis-
crete experiment events, As a result, each experiment class was assigned
to a specific cloud chamber and mission hours were established for each

experiment class,
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The experiment program formulation provided the cioud chamber and the
preliminary requirements used to formulate the conceptnzl design of the
cloud physics laboratory. The laboratory conceptual design established pre -
liminary characteristics of weight, power, and volume and identification of

the subsystems comprising the laboratory,

The Senior Scientific Board was convened for its second meeting in

February 1973 to review study progress, giving particular attention to the
experiment in-depth definitions and the laboratory conceptual design, The
board analyzed each experiment class with regard to scientific priority,
chamber requirements, operational difficulty, and application to zero gravity,
The board also evaluated the laboratory concept in terms of cloud chamber
configurations and laboratory subsystems, including their primary perform-

ance ranges and tolerances,

As a result of the Senior Scientific Board meeting, the experiment program
was finalized with definition of experiment class and cloud chamber assign-
ment, Priority factor, achievement ability factors, and applicability to low-
gravity factors were assessed and categorized, Approval of the laboratory
concept was obtained from the board, including approval of subsystem

equipment,

Curing the course of this study phase, two precursor carry-on type experi-
ments were defined for pre -Shuttle flight opportunities, A definition study
was conducted for a Droplet Dynamics Experiment. The results of this
effort were reported in MDAC report MDC G3787, "Preliminary Definition
Study - Droplet Dynamics and Breakup Engineering Demonstration'

(July 1972). The major objectives of this experiment are observation of the
mechanisms of drop impact, drop stability and drop motion and evaluation of
techniques for drop manipulation, Portions of the defined experiment were
performed on Apollo 16, Apollc 17, and Skylab II with additional efforts
performed by Skylab III and IV,

A definition study was also conducted for an NaCl breakup experiment. The
results of this effort were reported in MDAC report MDC (3779, "Prelimi-
nary Definition Study - NaCl Particle Breakup Carry-On Experiment for the
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Apollo-Soyuz Test Program'' (July 1972), The major objectives of this
experiment are observation of particle breakup, cloud characteristics and
spacecraft motion, and verification of droplet injection and humidification
techniques. Subsequent to this study MSFC initiated and sustained a develop-

ment effort for this experiment,

During this study phase, several long -lead -time technology items were
identified and subcontracts were issued to initiate studies in these areas,

The chamber subsystems are the primary focal poirt for the entire labora-
tory and two chamber subcontracts were issued: (1) a study of potential
zero-gravity cloud physics chambers with emphasis on an expansion chamber
to the University of Missouri at Rolla (UMR); and (2) a study of potential
zero-gravity cloud physics chambers with emphasis on a continuous diffusion
chamber to the Desert Research Institute (DRI), University of Nevada at
Reno. A study of heat pipes as a means of achieving the important thermal
controls necessary for zero-gravity cloud microphysics was completed by the
Donald W, Douglas Laboratories at Richland, Washington. McDonnell
Douglas Electronics Company (MDEC) of St. Charles, Missouri, performed
a small study evaluating holography as an observational tool in zero-gravity
cloud physics, Various aspects of thermal control were studied in the MDAC
Space Science Atmosphe ric Physics Laboratory and this laboratory group
also studied alternate means of achieving low- or zero -gravity conditions for

test and experiment purposes,

Several papers and reports on cloud physics research nd applications were
given during this study phase. The substance of the material covered is
included in Summary Report (NASA CR 129002).

Thus, the significant accomplishments of this study phase included (1) defini-
tion of an experiment program consisting of 20 experiment classes; (2) formu-
lation of laboratory requirements based on experiment program definition;
and (3) formulation of a laboratory concept accommodating nearly all

experiments,
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2.3 FEASIBILITY STUDY — THIRD PHASE (APRIL 73 TOSEPTEMBER 1973)
The objectives of the April 1973 to September 1973 phase of the feasibility
and concept study were to refine the experiment program and laboratory con-
cept definition, and to assess key programmatic and cperations aspects of

the project,

In this plan experiment class e valuation criteria concerning experiment
priority, applicability, scope, and chamber assignments were formulated.
These criteria and the experiment program descriptions were distributed to
58 scientists who had actively participated during the original experiment
solicitation phase of the program, Seventeen responses werc received from
the scientific community, These responses were consolidated and sent to the
Senior Scientific Board (SSB) for their assessment, The resulting inputs

were then used to revise the experiment program descriptions,

The significant evaluations results were:

A. Earth Simulation experiment class definition, This macroscale
experiment class was found to be compatible with the microscale
experimentation. An experiment description and equipment
description was formulated for this class.

B. Primary and seccdary cloud chamber approach to experiment
classes - a revision to the original experiment program approach,
identifying a single cloud chamber for each experiment class, was
accomplished. Evaluation of scientific community experiment defi-
nitions revealed that different aspects of a given experiment class
could be achieved more easily or with greater accuracy by use of
more than one cloud chamber, As a consequence of this evolution
a primary chamber and alternate cloud chambers were identified
for each experiment class,

C. Unique cloud chamber approach for specific experiments. This pro-
vision was provided for growth in future missions., Incorporation of
a unique cloud chamber concept is feasible (within size constraints)
by usage of the chamber wall/viewport/mounting port features

common to the identified cloud chambers,
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D, Revised Expansion Chamber geometry, This change was identified
to facilitate commonality in cloud chamber wall design, and to pro-
vide a more direct comparison to terrestial expansion chamber
data,

E. Expanded experiment class parameter variations - the parameters
to be evaluated were expanded consistent with scientific community
interest in evaluating man-produced pollutant influences on micro-

physical processes,

The laboratory definition efforts, performed in this study, were directed to
improvement in definition of the laboratory subsystems. Delineation of the
functional and physical characteristics of the subsystem elements was
accomplished. The establishment of the rationale for laboratory usage was
also formulated, Selection of mission duration, based on the experiment
timelines and the identification of the laboratory design life, identified the

need for two flight articles,

Evolution of the operations aspects of the project provided the initial defini-
tions for mission control, communications, data management, mission

preparation and experiment payload integration.

The involvement of the principal investigation (PI) participation was evalu-
ated: A preliminary procedure for PI selection for experiment missions
was formulated and an initial assessment of the degree and extent of his
involvement in experiment timeline formulation, astronaut training, simu-
lator operation, flight support and data reduction and evaluation was

performed,

The aispects of safety, schedule, cost and supporting research and technol -
ogy were also refined and updated by efforts conducted during this phase,
The evolutions showed that the CPL project could be conducted on a low risk
low cost basis, with availability for initial operation in 1980, The CPL

furthermore posed no significant potential hazards for the astronaut

experimenter,
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Section 3
EXPERIMENT PROGRAM SUMMARY

The experiment viability and scientific usefulness of the zero-gravity

CPL program relics heavily on the interest and participation of active
cloud physics scicntists, This participation was reflected by tne involve-
ment of the individuals identified in Table 3-1, These individuals from the
scientific community contributed extensively to the reevaluation and refine-
ment of the experiment program as was defined in the NASA Contract
Report CR129013 of September 1973, Their input included the delincation

of scientific and project pertinent data,

The scientific data included experiment class objective, justification, appli-
cations, limitation, and approach as well as the value of the orbital near-
zero-gravity experiment opportunity and quantification of pertinent experi-
ment characteristics, parameters, and requirerr.ents, Project data inclured
delincation of the groups and parameters within the expcriment class, a
typical miission timeline, and consumable usage. The format of such exper-
iment descriptio.s is shown in Figure 3-1 along with significant results of

such descriptions,

In general, two independent scientific evaluations were obtained for each
cxperiment class., These inputs were used to establish the CPL Experiment
Program and to extract experiment requirements for the CPL., The
following subscctions identify the Expcriment Program and the results of
major cfforts performed using the Experiment Class descriptions as basic
data. Volume Il of this report contains an edited version of the scientific

community contributions to the Experiment Class Descriptions.

In addition to these major contributors, a survey of project interest and

participation was conducted oi the general scientific community areas (cloud
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Table 3-1
EXPERIMENT PROGRAM CONSULTANTS

Prof. C. Anderson, U. of Wisconsin
Mr. J. Anderson, U, of Nevada

Dr. D. Blanchard, SUNY

Dr. J. Carstcns, U. of Missouri
Dr. R. de Pena, Penn State University
Prof. N. Fukuta, U, of Denver
Prof. N. Gokhale, SUNY

Prof. J. Hallett, U. of Nevada

Dr. J, Hart, MIT

Prof. T. Hoffer, U. of Nevada

Dr. K.O.1.,F, Jayawecra U, of Alaska
Prof. J. Kassner, U, of Missouri
Dr. U. Katz, CALSPAN

Dr. W. Kocmond, CALSPAN

Dr. G. Langer, NCAR

Dr. J. Lodge, NCAR

Dr. J. Podzimek, U. of Missouri
Dr. J. Spengler, Harvard

Prof. P, Squires, U. of Nevada

Dr. T. Takahashi, U. of Hawaii
Prof. J. Teclford, U, of Nevada

Dr. D. White, U. of Missouri

modecling, field expcrimentation, and laboratory rescarch). A solicitation
was sent to 86 scientists. Of the 72 replies received, 63 indicated active
interest, 9 of which promised and/or supplied experiment suggestions and
descriptions. Responses indicating cither a change of scientific arca or of
lack of intcrest in the project were received from nine individuals., The
survey did prompt requests for additional data and reports and, in gencral,
indicated a high degree of interest and desire to participate in the CPL

Project.
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Figure 3-1. Experiment Class Evaluations

3.1 EXFPERIMEK' PROGRAM

The Cloud Physics Laboratory concept, presented later in this report, was
developed to accommodate and satisfy the requirements of the experimenta-
tion sclected and defined by the scientific community participants. The
Experiment Program, as presently formulated, is summarized by Experi-
ment Class Title and Objectives in Table 3-2. This tabie shows the breadth

of experimentation planned to date.

These experiments relate to \arious phases of precipitation which mainly
involve growth by ice and liquid particle collision and adherence through
riming, clustering, and coalescence. Collision processes require relative
velocities hetween particles which in turn requires differences in sizes or
geometric shapes, These diffecences are generally due to varying param-

eters such as condensation nuclei characteristics and humidity distribution,

Most practical weather modification techniques are concr *ned with the pro-

duction of a few large ice or water particles in a cloud of many smaller

33



Table 3-2 (Page 1 of 4)
EXPERIMENT CLASSES AND OBJECTIVES

Experiment
ID No. Experiment Class Title Objective

1 Condcnsation Nucleation Determine the nucleation efficien-~
cies and carly growth properties
of soluble, insoluble, and hydro-
phobic nuclei, This class of
experiments cncompasscs a large
range of nuclei types, size, distri-
butions, and rclative humiditics.,

2 Ice Nucleation Dctermine the relative importance
of contact, internal, and sublima-
tion nucleation of ice, Absolute
nucleation efficiencics will also be
studicd as a function of nuclei types
and sizes,

3 lcc Multiplication Determine the conditions under
which ice fragments are generated
during atmospheric precipitation
processes and the extent to which
they arc generated,

4 Charge Separation Determine quantitative values for
(Electrification) charge transfer occurring during
several important atmospheric
processcs,

5 Ice Crystal Growth Determine the temperature, pres-
Habit sure, and relative humidity condi-
tions which dictate ice crystal
geometry and growth rate under
pure diffusion (nonconvective)
conditions,

6 Scavenging Determine the relative and quanti-
tative importance of thermal
(thermophoresis), diffusional
(diffusiophoresis), and Brownian
forces in the collection of submi-
crometer aerosol particles by
cloud droplets and ice crystals.

7 Riming and Aggregation Determine interaction between a
supercooled water droplet and an
ice surface during events associ-
ated with riming and graupel
formation,
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Table 3-2 (Pagc 2 of 4)
EXPERIMENT CLASSES AND OBJECTIVES

Experiment
ID No, Experiment Class Title

Objective

8 Droplet-Ice Cloud
Interactions

Determine the modes and extent of
the intcractions of ice crystals and
supcrcooled water droplets, includ-
ing the propagation of the ice phasc
through a supcrcooled droplet
cloud and the difiusional growth of
ice crystals within a cloud of
supcrcooled droplets uncder varying
conditions of temperature, pres-
surc, and droplet/crystal
concentrations.,

9 [Homogencous Nucleation
Iceed

Dctermine the homogeneous
freezing distribution of droplets as
2 1unction of time, degrec of supcr-
cooling, and droplet diameter
under conditions of no physical
supports,

10 Collision-Induced
Frceezing

Dectermine the conditions and fre-
quency of droplet freezing due to
collisions of supercoolcd droplets
as a function of droplet size,
impact energy, and various
ambient conditions of temperature,
pressure, and relative humidity,
Effects of electric and sonic

ficlds will also be investigated,

11 Supercooled-Water
Saturation Vapor
Pressurce

Determine the saturation vapor
pressure of supercooled water.

12 Adiabhatic Cloud Expan-
sion Simulation

Duplicate in time and conditions
the early portion of the life cycle
of a parcel of air involved in an
atmospheric precipitation process,

13 Ice Nuclei Memory

Determine the effect of an ice
nuclei's history on its ability to
initiate (nucleate) the ice phase,.
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Table 3-2 (Page 3 of 4)
EXPERIMENT CLASSES AND OBJECTIVES

Experiment
ID No,

Expcriment Class Title

Objective

14

Terrestrial Expansion
Chamber Evaluation

Mecasurc condensation and ice
nuclei activation cfficiencies under
operating conditions similar to
thosc utilized in terrcstrial labora-
torics, but without gravity-induccd
convection,

15

Condensation Nuclei
Mcemory

Dectermine the cffect of a condensa-~
tion nuclei's history on its ahility
to initiate (nuclecatc) the liquid
phase.

16

Nuclei Multiplication

Determine the processes and
extent of nuclei matcrial breakup.

17

Droplet Collision
Brecakup

Determine the cnergy requirements
of large droplect-droplet collision-
induced breakup as a function of
fluid properties, droplet diameters,
and external field conditions (sound
and clectrical),

18

Coalescence Efficiencics

Determine the coalescence cfficien-
cies of small (<50 ym) cloud drop-
lets under varying impact
conditions with specific attention
toward what happens at the droplet-
droplet interface just before and
during collision,

19

Static Diffusion Chamber
Evaluation

Determine the absolute nucleation
efficiencies >f standardized nuclei
sources utilizing zero fallout
conditions,

20

Unventilated Droplet
Diffusion Coefficient

Determine the undisturbed diffusion
(nonconvective) heat and mass
transfer coefficients for growing
and evaporating droplets (diameter
greater than 10 um) under various
conditions of temperature, pres-
sure, and relative humidity and for
various droplet diameters, This
class of experiments will include
the effects of various atmospheric
contaminants on these coefficients,
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Table 3-2 (Pagc 4 of 4)
EXPERIMENT CLASSES AND OBJECTIVES

Experiment
ID No. Experiment Class Title Objective
21 Farth Simulation Determine the circulation and

instability dynamics of the atmos-
phere and of the oceans by scaled
and simulated experiments.

particles which thus initiates the collision process. These large particles
are produced by their enhanced diffusion growth resulting from the lowering
of their saturation vapor pressure below that of the ambient vapor pressure,.
This supersaturation condition can be produced in warm clouds by the addi-
tion of giant salt particles which results in a low vapor pressure salt solu-
tion, Dry ice (solid COZ) and various ice nucleating agents (e.g., Agl) are
used in supercooled droplet clouds to produce a few frozen droplets with a
corresponding lower saturation vapor pressure. In both of these cases,

the modified particles grow at an accelerated rate, depending on temperature,

humidity and relative numbers of modified to unmodified droplets.

There are four important areas of processes in clouds which must he hetter
understood hefore productive deliberate modeling and weather prediction and
modification can occur, These are nucleation, growth, scavenging, and
electrical charge separation and the various classes of experiments can be

loosely grouped into these four areas,

A, Nucleation — Nucleation in cloud physics refers to the process of
initiating the liquid or ice phase of water. Water vapor (free of ions
and particulates) will not form a liquid phase unless a high super-
saturation exists and the liquid will not freeze until it is cooled to below
=35°C. These two conditions for homogeneous nucleation do not exist

under normal atmospheric conditions, but they are of theoretical
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interest as a foundation for the understanding of the general hetero-

geneous nucleation processes,

The normal atmosphere contains particles below 1.0-um diameter that
remain suspended due to their negligible fall velocities. The number of
these particles between 0.0l and 1.0 um available to serve as condensa-
tion nuclei is sufficient to limit the normal atmospheric supersaturation
to well below 1 percent (relative humidity of 101. 00 percent).

Particles larger than 1 pm are generally referred to as "giant
nuclei" and are limited in number due to gravitational fallout

and because they are the first nuclei to become active in water droplet

formation, Giant nuclei are provided artificially for warm cloud

modification.

Ice nuclei are much more limited in numbers than condensation nuclei
because of their special physical requirements. Cloud seeding often
uses the supercooled condition that results from this shortage of ice

nuclei,

Labcratory investigations have shown that once certain particles have
acted as nucleating sites for water or ice, their activation characteris-

tics are changed., This phenomenon is known as an ice and condensation

nuclei memory effect,

Nucleation processes are involved in all forms of weather. At the
present time, most weather modification involves the manipulation of
nuclei (cloud secding) within a given weather system, Current rescarch
is aimed at determining the role of the various atmospheric nuclei
parameters (number, composition, effectiveness, and sources, includ-
ing pollutants). Further understanding of the role of nuclei will aid

in modification efforts such as: the increase of snow and rain for city
and agricultural use; the decrease of destruction by hurricanes and
hail; and the dissipation of airport and highway fog and smog. Basic

to such modifications is knowledge of the nuclei to use, the appropriate
number to introduce, the proper injection region in the w .ther system,
and the optimum injection time during the development cycle.
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Growth — Once nucleation has been initiated, liquid or ice grows by
condensation (vapor diffusion) until the particle reaches a few tens of
micrometers in size., The quantitative values of the various thermal
and vapor accommodation coefficients are very important to this initial
diffusional growth phase. Above 20-pm diameter, field observations
and theoretical computations indicate that other growth processes in
addition to diffusion must be involved in order to explain the growth of
particles to millimeter size in reasonable times, where they are able

to fall from clouds as precipitation.

Included here are processes such as collision, coalescence (merging

of two droplets), aggregation,and riming. These processes require a
coexistence of particles (liquid or ice) with a range of sizes. Studies of
the growth rates during various phases of growth are an important area
of laboratory research and include: diffusional growth under normal
atmospheric supersaturations (relative humidities below 101. 0 percent),
and freezing with possible breakup (splintering) as related to growth

processes.

The study of growth processes is important in the ''when and where'"
questions of weather modification while splintering affects the quantities

of nucleating materials required.

Scavenging — Droplets and ice crystals greater than a few micrometers
in diameter collect (scavenge) gases, radioactive particles, and other
atmospheric constitutents, There is a continuing process of ''w2<hing-

out'" or cleansing of the atmosphere.

Particles below a few micrometers in diameter are collected by several
processes, including those associated with Brownian motion, tempera-
ture gradients during evaporation (thermophoresis), vapor transport
during condensation (diffusiophoresis), gravity-induced collisions
(inertial), and electrical forces on charged particles. Normal fallout
removes particles greater than 20 pm in diameter. Scavenging is
important in connection with ice nucleation efficiencies relative to
weather modifications techniques and wash-out efficiencies as related
to air pollution problems,
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Electrical Charge Separation — Cloud physicists are concerned with the
Lab-

processes of obtaining charge separation within natural clouds.

oratory investigations are concerned with charge transfer processes

that occur during collision of ice with liquid or ice. Better under-

standing of electrical processes has potential in such areas as the
reduction of forest fires and property damage due to lightning, and the
assessment of the role of electrical phenomena in growth and scavenging

Frocesses,

It should be noted that the CPL concept is intended to accommodate not only
the experimentation already identified but also be capable of flexibility to
accommodate expanded experiment requirements not yet identified. The
Experiment Program is, therefore, not yet complete or finalized. Addi-

tional project efforts include opportunities for inclusion of experiment

suggestion,

3.2 CLOUD CHAMBER SELECTION
The Experiment Classes listed in Table 3-2 provided a working basis for

developing experiment requirements. Of prime interest was the designation

of the cloud chambers to be used in the Experiment Program.

The individuals identified in Table 3-1 designated their selection of both
primary and alternatc cloud chambers for each Experiment Class. The

primary chamber designation indicated that the major objective of the

Experiment Class could be evaluated best in that chamber. The alternate

chamber designation indicated that information complementary to the major
objective of the Experiment Class could be obtained in that chamber and/or
that specific aspects of the Experiment Class necessitated its use, It should
be noted that all contributors did not concur on primary and alternate cloud

chamber designations and also that more than one alternate cloud chamber

exists for many Experiment Classes,

The evaluation of the primary and alternate cloud chambers resulted in the

The primary chamber designations are in

selections shown in Table 3-3,
The

concert with those identified in the Feasibility Study (NAS 8.27861),
alternate cloud chamber designations reflect reduction to a single alternate
cloud chamber for each Experiinent Class, The designations, in general,
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Table 3-3
PRIMARY AND ALTERNATE CHAMBER SELECTION

Primary Alternate

Class No, * Class Title Chamber Chamber

1 Condcnsation Nucleation CFD E

2 Ice Nucleation SDI E

3 fce Multiplication SDI E

4 Charge Scparation SD1 G

5 Ice Crystal Growth Habits SDI E

6 Scavenging SDI G

7 Riming and Aggrcpgation SDI G

8 Droplet-lce Cloud Interactions SDI E
1) Homogeneous Nucleation SDI E
10 Collision-Induced Freezing SDI G
11 Saturation Vapor Pressure SDI E
12 Adiabatic Cloud Expansion E -
13 Ice Nuclei Memory E SDI
14 Terrcstrial Expansion Chamber E -

Evaluation
15 -Condensation Nuclei Memory E SDL
16 Nuclei Multiplication G E
17 Drop Collision Breakup G SDI
18 Coalescence Efficiencies G SDI
19 Static Diffusion Chamber Evaluation SDL -
20 Unventilated Droplet Diffusion SDL E
Cocfficicnts

21 Earth Simulation ES -

*Ordered for data reduction purposes, not by priority.

arc based on the consensus of the scientific community recommendations.
These recommendations were, however, impacted by considerations of
expceriment operations, space environment considerations and cloud cham-
ber specification requirements. These considerations generally resulted
in alternate cloud chamber selection most compatible with the capability of

the cloud chamber (designated based on its primary usage).

The cloud chambers to be used in CPL experimentation are shown in

Figure 3-2, The pertinent geometric features, the significant operational
fecatures, the use, and the primary requirements are also identified in

this iigure. The requirements specified are compatible with the Experiment
Class usage as primary and alternate cloud chambers.
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Each of the six chambers that have been identified for useinzero-gravity CPL
possess unique characteristics that enhance the investigation of certain
aspects of several cloud physics phenomena. On the other hand,a given
phenomenological process can be viewed and studied from several

approaches utilizing several chambers. These factors were included in the

evstablishment of primary and secondary chamber assignments. The
following paragraphs are presented to provide the salient ieatures of each

chamber.

Continuous Flow Diffusion Chamber (CFD) - This chamber provides a
supcersaturated environment for temperatures warmer than the freezing
point of water, This chamber provides a rapid throughput of information
and provides information on sizee of nuclei and droglets above 0.3 pm in
diameter, The chamber charactzristics are ideally suited to the study of
condensation nucleation and initial diffusional growth of cloud droplets in
the 0.3 10 20pm range.  Particle concentrations to 103 particles per

«m3 at a throughput of | ¢m3/sec can be accommodated. This chamber is
also idcally suited to work in parallel for many of those cxperiments
assigned to the expansion and static diffusion liquid chambers to provide
supplementary or comparison data. A fully automated, slightly reconfigured

CED could then operate as a condensation nuclei characterizer.

Static Diffusion Liquid Chamber (SDL) - This chamber provides a controlled
supcersaturated environment above water freezing temperature and is used

to obtain information concerning condensation nuclei numbers that exist in
the natural environment. Its use in near zero gravity will be to determince
the effects of gravity induced sedimentation and subsequently provide cali-
bration factors which will permit the terrestrial useful range to be extended
below the present 0.2 percent supersaturation limit. Additionally, the infor-
mation gained through the comparison of 1-g and 0-g chambers will permit
the design and establishment of a standardized SDL geometry that will then

permit a reliable comparison of data from multiple units,

Static Diffusion Ice Chamber (SDI) - This chamber provides a controlled
supersaturated environment below water freezing temperature and is used
to study various phascs of ice and ice/droplet interactions. The types of
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experiments involved permit this chamber to have larger dimensions than
the CFD and SDL, Ice crystals and/or droplets are injected into the
chamber individually or in numbers and subsequent int~ractions are
monitored while the environmental conditions are manipulated. Thosec
cxperiments which require a saturated or supersaturated environment at
below freezing temperatures are appropriate for this chamber. Ice nuclea-
tion, ice multiplication, ice crystal growth habits, riming and aggregation
are representative experiment classes, Certain aspects of nucleation,
growth, scavenging and charge separation are ideally suited to this type of

chamber,

Fxpansion Chamber (E) - The prime feature of this chamber is that it most
< loscly duplicates the natural cloud expansion processes through adiabatic
cxpansion. This cxpansion influences the relative humidity which exists
within the chamber and permits supersaturated and subfreezing conultions,
Appropriate cooled chamber walls will permit, inzerogravity, experiment cycles
which extend tens of minutes as occurs in clouds. Droplets and/or ice

van be injected into the chamber singly or in numbers and the subsequent
changes and interactions are monitored as an adiabatic cooling expansion
occurs or as a heating compression takes place. The cycle can be repeated
as required by the phenomena being studied. The main experiments suited
for this chamber are those dealing with clouds of particles. This chamber

provides the obscrvation of multiple phenomena taking place simultaneously.

Genceral Chamber (G) - Many of the dynamic experiments do not require
supersaturated conditions within the chamber. On the other hand more
access and control of the particles within the chamber are required. The
General chamber satisfies the requirements of experiments represented
by drop collision breakup and coalescence efficiency studies. In addition
the controlled uniform, nonsaturated atmosphere is optimum for the study
of some aspects of experiments like the saturation vapor pressure over
supercooled water, collision induced [reezing and riming/aggregation.
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Earth Simulation (ES) - This special apparatus provides an enclosure to
shield a rotating sphere from ambient thermal and air motions. Although
a frce-floating object is not required, the low-gravity environment permits
the desired radial gravity simulation by use of electrical fields. This
cquipment is suitable for the study of the circulation of planetary atmos-

pheres and occans,

3.3 RESEARCH RELATED EQUIPMENT
Evaluation of the detailed Experiment Class descriptions revealed significant
commonality in the rescarch tools used throughout the Experiment
Program. The rescarch tools were identified in three broad categorics.
e Optical Detectors and Imaging Devices
® Droplet Gencrators

° Particle Detectors and Characterisers

It was further found that these research tools were used in different combi-
nations dependent upon Equipment Class objectives. The CPL concept,
therefore. has incorporated these research tools in modular un..» per-
mitting their usage with the degree of {lexibility required by such a dynamic

arca of rescarch,

3.4 MISSION ASSF.SSMENT

The CPL goal is to be a gencral-purpose facility capable of accommodating
the broadest range of experimentation. The experiments defined to date

are cnvisioned to change or be modified by the results of on-going terrestial
rescarch, cloud modeling, and field experimentation efforts. This goal was
identified by realization that there exists sufficient microphysical research
to be performed that requires or benefits by conduct on a manned orbital
platform. The Experiment Class definitions were evaluated to quantify the

Experiment Program size and therefore verify the initial assumption.

It must bhe realized that the quantification of the Experiment Program for the
CPL must be extrapolated from the Experiment Class data provided by the
scientific community, These definitions, although detailed to sufficient
depth, can provide only coarsc approximations of the total orbital experi-

ment time required for their accomplishment, The individual experiment

316

’ ‘\

B s TN RS PN R T Sy 8 e - = . - = g P T



events vary significantly in the time for their performance, the CPL
operations between events are estimated, the '"capability level" of the
scientist-astronaut has been assumed and the many other aspects influencing
experiment efficiency are not sufficiently well known to provide high con-
fidence. The orbital experiment time, and hence mission assessment, is
sufficiently accurate to substantiate and justify the general-purposc facility

concept for the CPLL.

The ceffective experiment observation time for each experiment class is
shown in Figure 3-3, Only those events and operations concerned with
microphysical rescarch are included in the cffective experiment ohservation
time.  The wide variation in duration has resulted from consideration of the
primary and alternate clond chamber usage, the parameters to he cvaluated
with the experiment class (Figure 3-4), the data gathering instrumentation
variations and other pertinent experiment corsiderations, Both the range
and the nominal event duration are shown, For the mission assessment the

nominal duration was uscd as typical for the experiment class,

The experiment classes and the parameters of Figure 3-4 were established
based on the experiment class definitions and consideration of CPL capa-
bility to provide parameter control, The significant quantity of parameters
and their control individually and in combination is provided to satisfy the
specificd and envisioned desires of the scientific community users. The
primary and sccondary parameters are shown in the figure, The primary
paramecters identified are those that terrestrial rescarchers have identificd
as having major influence on the microphysical phenomena to he evaluated,
The sccondary parameters are those whose individual significance to the
phenomena being studied as conswudered minor or must be deferred until the
hasic phenomena are suffliciently well understood.  Combinations of second-
any parameters can, however, be of gignificant importance and capability

for therre evaluation s therefore provided,

A nonmnal tor mean) number of variations for each parameter was established

and 1 shown in Figure 3.4, The number of experiment obhservations was
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established by addition of the parameter variations of the primary
parameters only., It is possible to obtain a significantly large quantity of
experiment obscrvations by determining the factorial total of both primary
and scecondary parameters, This would, from the scientific standpoint,
provide total "mapping' of the phenomena. The quantity of experiment
obscrvations specificd for the CPL Experiment Program is therefore con-

servative (i.c¢., a much large experiment program can result),

The quantity of experiment missions is shown in Table 3-4, The nominal
cffective experiment observations times are multiplicd by a factor of two

to obtain total cxperiment cvent time. This 50 percent experiment effici-
ency factor was considered appropriate based on the feasihility study results
and considcration of the operations to he conducted between cevents, This
total cxperiment event time, the nuniber of parameter variativcns and the
quantity of event iterations were used to determince the number of experi-
ment events and the total number of experiment hours (Table 3-4). By
assuming 5 days of experiment operation (during a 7-day mission) and

8 hours of experimentation a day, the number of missions were calculated

(40 hours of experimentation per mission),

The significance of the mission asscssment identifying 138 missions lies not
in the value specified but in the scope of the total research. This scope
substantiates the rationale and goal of providing a general purpose facility
for the conduct of cloud microphysics research, It should further be noted
that the cvolving Shuttle /Spacclab projects may revise the number of
experiment hous s per day and the number of days of on-orbit experimentation
(growth to 30-day missions). The general-purpose CPL concept is viable
with such change and growth and although the number of missions will vary

the >5, 000 hours of experimentation can be accommodated.
It should be noted that the Experiment Class 21 (Earth Simulation) was

included in the Experiment Program because of its compatibility with the

other experiment classes. This macroscale experiment class requires long
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Table 3-4
EXPERIMENT PROGRAM MISSION SUMMARY

Parameter Experiment

Experiment Classes Variations Hours Missions
1 Condcensation Nucleation 49 326 8 )
2 Ice Nucleation 52 424 11
3  Icc Multiplication 23 384 10
4 Charge Scparation 32 320 8
5 Ice Crystal Growth Habits 32 320 8
6 Scavenging 33 160 4
7 Riming and Aggregation 24 480 12
8 Droplet-Ice Cloud 22 220 6
Interactions
9 [Homogencous Nucleation 43 326 8
10 Collision Induced 25 226 6
Frcezing
11 Saturation Vapor 21 420 11 Total
Pressure 138
12 Adiabatic Cloud 29 176 5
Expansion
13 Ice Nuclei Memory 33 250
14 Terrcstrial Expansion 18 180
Chamber Evaluation
15 Condensation Nuclei 25 68 2
Memory
16 Nuclei Multiplication 24 80
17 Drop Collision Breakup 29 132
18 Coalescence Efficiencies 28 760 19
19 Static Diffusion Chamber 25 84 2
Evaluation
20 Unventilated Droplet 18 60 2
Diffusion Coefficients
21 Earth Simulation TBD TBD TBDJ
k5 )

o e



B

g A oo~

- -—r";:'"

experiment observation durations and has two primary parameter variations
(Figurcs 3-3 and 3-4). The number of missions required for accomplish-
ment of the objective requires additional evaluation but for planning

purposes nine missions are envisioned.

3.4 PRIORITY MISSION RANKING

As presently envisioned the CPL project will use two flight articles and
accommodatec a launch rate of 4 per year (maximum) equally distributed over
the ycar (one cvery 3 months). Each flight article is to have a life expect-
ancy of 10 ycars (20 missions) and capability for extended duration on-orbit
cxperimentation (compatible with Shuttle/Spacelab growth). The total
envisioned Experiment Program cannot therefore he accommodated in the

first 10 years of flight,

Prioritv ranking is thercfore necessary and evaluation of the priority mission

requirements to tital experiment program requirements is necesscry.

The mission priority assessment (Table 3-£) was determined using the inputs
from the scicntific community., Each class was assessed for priority factor,
applicability to zero gravity, and achievement ability. A ranking of A
(highest), B (nominal), and C (lowest) was provided in each category. The
individual scientific community rankings were summarized and factored

using the nurmerical values shown in Table 3.6,

The mission priority ranking developed by the above approach is shown in
Table 3-5. The ranking is not deemed to be absolute since only minor
numerical total differences exist between many experiment classes,
Furthermore, continuing terrestrial efforts will Send to change the priority

assessment,

During the 10-year life of the CPL, 40 missions are planned. These
missions are allocated (in quantity only, no mission flight order) in

*Project logic assumes technology advancement and subsystem modular
replacement with advanced systems during the 10-year life. It was further
assumed that subsequent research would be performed in an advanced CPL,
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Table 3-5
EXPERIMENT MISSION PRIORITY RANKING
(First 38 Missions)

Experiment Number
Class of
Priority Class No. and Title Missions Assessment
1 5 Icc Crystal Growth 3 7)
Habits
2 6 Scavenging 2
3 18 Coalescence 3
Efficiencies
4 2 Ice Nucleation 3
3 Ice Multiplication 3
6 1 Condensation Nucleation 3
7 20 Unventilated Droplet 2
Diffusion Coefficients
8 13 Ice Nuclei Memory 2
9 4 Charge Secparation
10 12 Adiabatic Cloud 2 ® Includes first
Expansion 17 priority experi-
ment classes
11 16 Nucleir Multiplication .
e Utilizes all cloud
12 19 Static Diffusion 2 > chambers
Chamber Evaluation .
® Requires all lahora-
13 17 Drop Collision Breakup 2 tory subsystems
14 14 Terrestrial Expansion 3 e Potential reduction
Chamber Evaluation in parameter ranges
15 10 Collision Induced 2 and tolerances
Frcezing
16 7 Riming and Agpregation 2
17 8 Droplet-Ice Cloud 0
Interactions
18 9 l{omogencous 0
Nucleation
19 11 Saturation Vapor 0
Pressure
20 15 Condensation Nuclei 0
Mcemory
TBD 21 Earth Simulation TBD)
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Table 3-6
PRIORITY ASSESSMENT NUMERICAL FACTORS

Applicability Achievement
Ranking Value Priority Factor to Z.ero Gravity Ability
A 64 25 11
B 54 18 7
C 43 11 3

Table 3-5. In gencral the number of missions allocated was established
bascd on the total number of experiment hours for the experiment class. As
shown, only 38 flights were allocated, lcaving two mission flights for Experi-
ment Class 21, Earth Simulation, Cnly four experiment classes (8, 9, 11,

and 15) are not anticipated for conduct in the first 40 missions.

Experiment Class 21, Earth Simulation, was not prioritized in accordance
with the previously described procedure. Since this experiment class
involves macroscale phenomena evaluation, comparison and evaluction with
microscale phenomena by microscale phenomena scientists was not deemed
appropriate. This experiment class is deemed of significant importance and

2 missions of the first 40 missions have been allocated for its performance.

3.6 PRIORITY MISSION SET -~ TOTAL EXPERIMENT PROGRAM '
REQUIREMENTS COMPARISON

Evaluation of the priority mission set to total experiment program require-
ments showed that only minor tolerance and range differences cxist., All
cloud chambers, droplet generators, particle detectors/characterizers and
optical and imaging devices are required, The lack of significant requirc-
ments differences combined with the potential for changing priorities, the
desire to maintain flexibility for the yreatest range of research and the
encouragement of total scientific community support resulted in the decision

to formulate the CPL concept for the total experiment program.
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Section 4
CLOUD PHYSICS LABORATORY CONCEPT

4.1 LABORATORY CONCEPT RATIONALE

The Zero-Gravity Multi-Experiment Cloud Physics Laboratory has been
defined based on the concept/philosophy that it serve as a general-purpose
facility for the performance of basic research and beneficial application
experimentation. A laboratory of this nature is designed so that it will have
the capability to efficiently accommodate a broad spectrum of atmospheric
cloud microphysical experimentation. Included are those identified in the
proposed experiment program and supplementary experiments to be defined
as a result of increased knowledge or in response to specific application
areas. This approach is particularly necessary in light of the dynamic
nature of the research and applications activities related to the prcject

objectives.

The general objective of the laboratory is to complement and supplement the
cloud physics research performed in terrestrial laboratories. The major
capability of the laboratory is the elimination of gravity-induced motion
between particles/droplets and the cloud chambers, thus providing longer
observation time to study important forces and processes that occur in
nature without using artificial measures to prevent gravity effects (limited
observation time). The specific scientific objectives relate to increacing the
understanding of microphysical processes, to enable man to improve weather

prediction and to ultimately provide weather modification and control.

The cloud physics laboratory is to have an operating life in excess of a
decade and therefore attention must be directed to both near- and long-term
values. The achievement of project scientific objectives (near-term value -
understanding microphysical processes) will advance the scientific knowledge

of microphysical processes and will advance man's understanding of his
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environment and his impact upon it. The achievement of project application
objectives (long-term value - weather prediction, modification, and control)
will enable man to constrain, contain, and prevent the uncounted losses of

life and property presently attributed to weather phenomena.

The cloud physics laboratory is envisioned as a general purpose facility,
available to the entire scicntific community, other goverumental agencies,
qualified industrial organizations, and selected international groups., As
such, the cloud physics laboratory would be a significant element for the

conduct of weather modification and control rclated research.

4.2 DESIGN FEATURES

The design features for the cloud physics laboratory were identified to

provide the key requirements of value, cost, and flexibility and to satisfy

the project guidelines and constraints, These features are as follows:
A. Includes subsystems required for all experiment classes

Common subsystems

Interchangeable cloud chambers

Automated control and manual override

Ground refurbishment

Capability to accommodate advanced subsystems

Capability to accommodate specialized equipment
Simplified laboratory to Spacelab interface

Maximum utilization of Spacelab resources

Operation by one experiment specialist

Sensitive equipment storage

FX« T QPMHMEQD

Safety features to eliminate all credible hazards

Terrestrial laboratories in present concept of research are very specializea
and concentrate on specific areas of research. Hence each contains only
limited chamber concepts and data-gathering instrumentation. Unlike these
ground-based laboratories, the Zero-Gravity Atmospheric Cloud Physics
Laboratory will be designed as a general-purpose facility, capable of using

several cloud chambers and data-gathering instrumentation.
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This flexibility will allow the payload to be used by the eitire atmospheric
cloud research scientific community. As presently defined, all required
cloud chambers, support subsystems, and data-gathering instrumentation
can be configured in the laboratory console for specific experiment missions,
Multiple reuse, with minor ground refurbishment, will provide an effective
operational lifetime of 20 missions. Incorporation of upgraded chambers,

instruments, and subsystems can ensure a useful life to more than a decade.
4.3 GUIDELINES AND CONSTRAINTS

4.3.1 Progrrammatics

4,3.1.1 Definitions
Cloud Physics Laboratory Project

This project includes the definition, design, development, and operations of
the atmospheric cloud physics payload and the interface equipment required to
interconnect and maintain the payload and the Spacelab., The project also
includes ground operations involving experiment mission preparation,
experiment specialist training for experiment conduct, exneriment mission

data evaluation, and laboratory refurbishment and checkout,

Cloud Physics Laboratory

A general-purpose facility for the performance of basic research and bene-
ficial applications experimentation of atmospherics cloud physics. The
cloud physics laboratory will be installed within the Spacelab and be trans-
ported to and from orbit by the Shuttle. The Cloud Physics Laboratory will
provide the scientific community a flexible, low-cost facility capable of
accommodating a broad spectrum of cloud physics experiments, with rapid
user access and minimum interference with other payloads, the Spacelab,

and Shuttle Orbiter activities.

Baseline
The baseline is defined as a fundamental point of reference with regard to
project plan, configuration, operations, and experiment program and will

serve as a basis for comparison of alternatives.
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4,3.1.2 Project Planning

The baseline plan includes two flight units of the Cloud Physics Laboratory,
including the associated experiment mission preparation, conduct, data
evaluation and documentation in accordance for an assumed 1980 Shuttle

flight opportunity in a Spacelab,

The baseline plan includes provisions for payload ground support equipment
«nd experiment missions support hardware and software to assure orderly
and timely checkout, flight-readiness verification, and installation into the

Spacelab.

4.3.1.3 Environment
The environments experienced by the Cloud Physics Laboratory associated
with ground operations and all mission phases of flight operations are
contained in the following documents:
A. NASA/JSC - Space Shuttle System Payload Accommodations
JSC-07700, December 21, 1973%
B. NASA/MSFC - Sortie Lab Users Guide (Interim Issue based on
US Option)*
C. NASA/MSFC - Sortie Labhoratory Design Requirements,

December 1972, *

The descriptive data itemized in the above documents represent the current
Spacelab payload environment and are presented as reference data only as
these requirements are subject to change as design requirements of the
Shuttle Orbiter and Spacelub evolve from trade studies and design definition

maturity,

4.3.2 Laboratory/Concept Justification

4.3.2,1 Concept Justification
The benefits to man of improved weather prediction and the capability to

accomplish weather mndification and control necessitate the accumulation of

*These documents will be superseded by updated NASA reports as they
become available.



knowledge of basic and fundamental cloud physics phenomena. Evaluation
has shown that terrestrial laboratory research limitations exist and that
these limitations prevent and/or hinder the understanding of phenomeno-
logical processes. A comparison of terrestrial artificial suspension
techniques showed that extraneous forces were introduced and were of such
a magnitude that conflicting data resulted. An evaluation of various
zero-gravity approaches (drop tower, research aircraft maneuver, sounding
and suborbital rockets, unmanned satellites, and manned laboratory) showed
the manned laboratory concept to be superior. Drop tower and research
aircraft maneuvers increased experiment observation time, but not to a
useful degree. Sounding and subcrbital rockets provided the required
experiment observation time but constrained experiment equipment quantity.
Satellites required the experiment to provide all necessary support systems

and required total automation of equipment,

The formulation of the experiment program applicable to the orbital near-zero-
gravity environment was based on scientific conimunity suggestions. The
magnitude of the experiment program and equipment defined for its per-
formance further substantiated the manned orbital laboratory concept. The
general-purpose, multiple-experiment mission laborato.y is the only low
cost and cost effective approach for accomplishment of such an experiment
program, Consideration of other factors further substantiates this con-
clusion, The envisioned Shuttle/Spacelab ic the onlvy vehicle that can supply
the required experirnent mission frequency, the necessary pcwer, thermal
control, data management/communications, and stabilization support
systems and the astronaut-experimenter for conduct of the required
research., The flight frequency is required to maintain terrestrial cloud
physics researcher involvement and permit involvement of many researchers
simultaneously, The Shuttle/Spacelab support systems red ize orbital
laboratory complexity and co:* and the as‘ronaut-experimenter provides

the manned decision-making capability for the conduct of dynamic research.
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4.3.2.2 Laboratory Description
The Cloud Physics Laboratory, as shown in Figures 4-1, 4-2, and 4-3, is a
self-contained unit approximately 2.7 m long, 2. 72 m high, and |. 24 m max-
imum depth with a maximum working volume of 3. 64m 3. The laboratory
will weigh between 998 kg and 1, 368 kg and will use an average power
of 756 to 1, 155 watts depending on which experiment class configuration
the laboratory is in. The weight, power, and volume by experiment class
is shown in Table 4-1. ..s a partial payload of a Shuttle/Spacelab, the Cloud
Physics Laboratory will be dependent on usage of Spacelab resources for

A. Power

B. Heat rejection

C. Scientific crew member operation (astronaut-experiment-~r)

D.

Limited data management aad communications

The laboratory (Figure 4-1) contains all subsystems required for the conduct
of the defined experiment program. Ancillary subsystems (categorized to
denote general support requirement for total experiment program) include:

e Sample Gas Storage, Preparation and Flow Control*

™ Console (including power control and distribution)

e Data Management (including displays and controls)
This equipment is installed within the laboratory console shown in Figure 4-1.
The experiment-related subsystems (characterized to denote specialized

scientific equipment for specific research areas) include:

Optical and Imaging Devices

e Experiment Chanbers and Aerosol Conditioning
e Droplet Generators
e Particle Detectors and Characterizers

This equipment is installed in the working volume in the center of the

laboratory console or in the console cabinets adjacent to the werking volume.

*Gas storage is provided external to Spacelab on the conical surface of the
end dome.
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Table 4-1
WEIGHT, VOLUME, AND POWER

Weight

(max) *Volume Power

Including Inside Average

Primary Laboratory During

Chamber Excluding Power Experiment

Experiment Only Console Nominal Time

Classes (kg) (m3) (watts) (watts)
1 1,243 1.620 2,276 963
2 1,280 1.609 2,291 934
3 1,265 1.394 2,416 923
4 1,205 1.416 2,562 961
5 1,274 1.431 1 998 895
6 1,352 1.729 2,788 925
7 1,211 1.434 2,414 978
8 1.291 1.581 2,786 1,014
9 1,156 1.394 1,763 814
10 1,201 1.410 2,197 899
11 1,168 1.398 1,829 777
12 1,363 1.978 3,432 1,155
13 1,279 1.754 2,261 756
14 1,368 1.934 2,879 947
15 1,318 1.809 2,440 876
16 1,364 1 748 2,888 1,000
17 1,204 1.431 2,437 913
18 1,199 1.431) 2,437 913
19 1,139 1.115 1,986 765
20 1,256 1.568 2,286 883
21 998 0.878 1,389 756

*Note
I. Volume does not include 0.724-m3 gas storage outside lab,
2, Volume includes only experiment equipment to be installed inside
the 3.64-m3 console.
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The laboratory flown will be modified for each individual experiment mission.

The ancillary subsystems (the major portion of the laboratory equipment)
will be used for all missions with specific cloud chambher subsystems. The
laboratory, within given limits, can be configured and operated to use avail-
able Spacelab resources for a specific mission (volume is fixed - astronaut

time, power, heat rejection, and data management support are flexible).

The laboratory subsystems were defined with consideration of ground
refurbishment/replacement without major rework. Capability for growth
and/or advanced subsystem installation was provided. Sensitive equipment
storage is provided in the laboratory as is space for specialized tools

required for experiment conduct.

4,3,2.3 Equipment Location

The position of all major components in each of the subsystems are shown
in Figures 4-1 and 4-2. The control and display locations and the work area
layout for each of the six experiment chamber configurations are given on
Figures 4-4 through 4-9 with detailed information given in the following

paragraphs.

Thermal Control/Expendables Storage and Control Subsystem

This subsystem will be permanently mounted and fly on all missions.

The thermal control assembly is behind the video monitor on the left side of
the console and directly above the humidification chamber. This provides
minimum interface plumbing with the Spacelab's thermal control system.
The water storage and sample gas storage is located along the back and top
of the console and would be accessible from the front through the storage
area or the rear when being refurbished. The dry air storage is located

outside on the conical section of the Spacelab.
The subsystem status displays are located along the front of the console

directly over the working area., The controls are located on the left control

panel.
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Particle Generator Subsystem

This subsystem is located behind its control rack at the top of the left control
panel. The five major generators will be permanently mounted here. The
spray atomization and powder dispersion generators are not permanently
mounted but stored in the lower left side storage cabinet., These units are
plug-in urits and will be attached to the nuclei conditioning chamber at the

back of the work surface when required for the experiment,

Data Management Subsystem

The master control assembly is located in the lower half of the right control
console. The teletype keyboard is located on the right keyboard shelf with
the data/graphics display CRT direc‘ly behind it. All interface electronics,
signal conditioning and control processor electronics are located in the lower
half of the right cabinets. The video/monitor is located directly behind the
left keyboard shelf with its controls on the left keyboard. The timing devices
are located at the top of the right control console with the intercom unit on

the top of the left control console.

Particle Detector and Characterizer Subsystem

This total subsystem will not fly on every mission and most of the individual
assemblies are standard panel mounted and are interchangeable, The micro-
porous filter and cascade impactor are not panel rnounted but stored in the
lower left storage area along with their respective filter and slide storage
containers. The filter and impactor are removed from the storage and
attached to the working surface next to the chamber when they are required
for the experiment. They are *hen storca in their 1espective areas when not
in use. The dewpoint indicators are permanently mounted along the front of
the console directly over the workirg area. The scatterometer, drop size
distribution meter and the liquid water content meter which are all similar

in operation using laser device are all attached to or are inside the chambers.
The controls for these devices require input to the computer for operation
and are therefore located on the lcft keyboard shelf. The remainder of the
subsystem assemblies are panel mounted in standard racks and are inter-
changeable, depending on the mission, in the upper half of the right control

cabinet,
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Experiment Chambers and Aerosol Conditioning Subsystem

Each mission will require only one experiment chamber which is mounted

in the center of the work area, All other subsystems interface with it. The
expansion system required by the expansion chamber is located directly

below the center of the work area under the chamber and can be removed
when the expansion chamber is not required. The nuclei conditioning chamber
is directly next to it on the opposite side of the humidification chamber. These
are shown in Figure 4.2. The chamber controls are all mounted on standard
racks which are interchangeable depending on which chamber will be used on
the mission. These controls are located directly above the video monitor on
the left control cabinet., The nuclei conditioning chambers controls bzcause
it is required on every flight are mounted on the same rack with the gas

supply controls directly above the chamber controls.

Optical and Imaging Devices Subsystem

All of the optical and imaging devices are stored in the lower left storage
container during launch and are attached directly to the chambers during the
experiment. All of the controls of this subsystem, because they are the

most often used, are mounted permanently on the left keyboard shelf.

4.3.2.4 Design Missions

The Cloud Physics Laboratory has been defined to support the envisioned
range of atmospheric cloud research experimentation. The baseline

cap ability of the laboratory includes support of single and multiple experiment
classes utilizing a single cloud chamber, The baseline duration of laboratory
missions are 7 days, Extended duration of laboratory missions will be up to
30 days. The laboratory hus been designed for operation as « portion of the
total payload for the Spacelab. Expanded operational capability is to be
achieved by multiple laboratory (up to four) installation within a Spacelab.

4,3,2.5 Design Life

The Cloud Physics Laboratory has been defined for the performance of

20 missions and a total of 1, 500 experiment hours over an operational life
of 10 years (ground refurbishment permitted between missions).
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4.3.2.6 Mission Success

The Cloud Physics Laboratory has been defined for a high probability of
mission success., Mission success will be determined by proper function-
ing of the laboratory and its subsystems. This probability of mission
success will be established based on a cost effectiveness tradeoff. This level
of mission success wiil be assured by component and subsystem reliability,
redundancy, etc. Mission success does not require successful completion
of each individual experiment of an experiment mission.

The Cloud Physics Laboratory subsysiem designs are based on a safe life
concept for all subsystems where failure could cause hazards to the personnel,
other payloads, the Spacelab, or Shuttle Orbiter. All other subsystems are

based on a fail-safe concept with redundancy used only to achieve mission

success goals or to reduce cost.

4.3.2.7 Crew Size
The design of the cloud physics laboratory is predicated on Space Laboratory

module personnel as defined in Table 4-2,

Table 4-2
CREW SIZE

Total Number
of Crewmen

Mission Payload

Type Carrier 1 Shift 2 Shifts Remarks/Skills Required
Sortie Spacelab 2 or 3, 3, Plus Two interface systems specialists
(7-Day with/ plus 2- 4 Max required to support 2-shift opera-
Mission) without 4 PS's PS's in tion. Cross-training may allow

pallet in Lab Lab total of 3 operations crewmen.

(7 total (7 total

max) max)
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4,3,2.8 Weight, Power, and Volume
The Cloud Physics Laboratory weight, power, and volume* are given by

experiment class in Table 4-1.

Weight

The total weight of the Cloud Physics Laboratory and expendables, all with
suitable weight margins, have been established consistent with good
engineering design practice and achieving required safety at low cost.
Safety factors and design margins have been established sufficiently large

to minimize costly verification and qualification efforts.

Power
The total peak and average power of the Cloud Physics Laboratory, with

suitable power margins, have been established consistent with good
engineering design practice. Where appropriate, equipment and subsystems
directly compatible with the Spacelab have been utilized. The laboratory
power control subsystem incorporates safcty features to eliminate hazards
to personnel and to prevent laboratory failure from disrupting operation of
other payloads or the Spacelab. Safety devices and design margins are

provided to minimize cosily verification and qualification efforts.

Volume

The volume of Cloud Fhysics l.aboratory has been established to accommo-
date equipment and subsystems defined for the baseline concept, including
expendables and to provide sufficient free volume to permit efficient and
effective ground refurbishment. Sufficient volume has been allocated for
growth to the extended duration mission and incorporation of advanced equip-
ment and subsystems (including provision for their storage and ground

refurbishinent).

*The weight, power and volume of laboratory was established with the
primary consideration of low total project cost. Reduction in the laboratory
characteristics are obtainable at increased cost necessitated by expended
design, development, test and evaluation effort, production unit cost and
spares, replacement and maintenance cost.
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4.3.2.9 Autonomy (Level of Spacelab Support)

The Cloud Physics Laboratory will make efficient use of Spacelab support
(i.e., power, communications, environmental control, etc.) consistent
with simple laboratory to Spacelab interface and with minimum interference

during payload integration activities.

4.3.2.10 Subsystems

All elements of the Cloud Physics Laboratory have been sclected based on
cost effectiveness evaluations involving consideration of derign, development,
manufacture, qualification, operation, spares allocation, and replacement
project factors. Where cost effective, available subsystems, assemblies,
and components will be used. These items are to include standard com-
mercial equipment (upgraded for manned aerospace usage) and equipment

developed for other programs/projects.

Thermal Control/Expendables Storage and Control

This subsystem includes all assemblies necessary to provide: (1) cooling

of the cloud chamber, (2) cooling of all other CPL equipment within the

CPL console; (3) humidification, storage, and equilibration of air and
sample gases: (4} storage of sterile, deaerated water for use in the humidifi-

cation process; and (5) storage of all expendable gases.

This subsystem includes the following major agsemblies.
A. Thermal Control

. Flow, Humidity and Pressure Control

. Expendable Storage

Instrumenta’ion and Display

Expendables

.

M EU 0w

. Cleansing Purge and Vent

Particle Generator

This subsystem includes all generators required to produce liquid drops/ice
crystals, both single and multiple, and all nucleating aerosols to perferm
the experiment classes. This includes the following assemblies:

A. Wire probe retractor liquid/ice drop generator

B. Water drop impeller liquid/ice drop generator
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Vibrating orifice liquid/ice droplet generator

Evaporation/condensation aerosol generator

Spray atomization nuclei generator

Powder dispersion nuclei generator

OmMmpo

)

Particle injector and size conditioner

Data Management

The data management subsystem includes all the assemblies for recording,
computation, command, control, data transfer, and caution and warning
annunciation. It performs the information transfer internal to the laboratory
and the dissemination of this information to the user. It interfaces with the
Spacelab data management system. It includes the following assemblies:

A, Control processor assembly
. Tape recorder assembly
. Master control assembly
Signal conditioning electronics assembly

Instrumentation and display assembly

MEU QWD

Expendables

Particle Detectors and Characterizers

This subsystem includes all detection devices required to determine
particle size and distribution as well as the nuclei mass and concentrations.
One or more of these detectors can be used as required by the experiment
class. This subsystem includes the following particle detectors and
characterizers:

A. Optical particle counter

B, Pulse height analyzer

C. Condensation nucleus counter

D. Microporous filters

E. Quartz crystal mass monitor

F. Cascade impactor

G. Electrical aerosol size analyzer

H. Scatterometer

i, Liquid water content meter

L]
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J. Droplet size distribution meter
K. Optical thermoelectric dew point hygrometer

L. Electric dew point hygrometer

Experiment Chambers and Aerosol Conditioning

There are five basic cloud chambers utilized in microphysics research which

are applicable to zero-gravity experimente. The continuous flow diffusion,

static diffusion liquid, and static diffusion ice chambers operate on a thermal

vapor diffusion principle to provide controlled supersaturated conditions.
These chambers require thermally controlled surfaces which are water or
ice covered. The expansion and general chambers require thermally con-
trolled surfaces. These chambers are used to define the relative humidity,

pressure, and temperature environment for the experiments.

In addition to the cloud chambers an earth simulation chamber will simulate
certain aspects of planetary and solar convection with its attendant differ-
ential rotation. Also a nuclei conditioning chamber is utilized to store and

condition nuclei for the various experiments,

This subsystem includes the following experiment chambers and aerosol

conditioning assemblies:
A. Static diffusion liquid chamber

B. Static diffusion ice chamber

C. General chamber

D. Expansion chamber

E. Continnous flow diffusion chamber

F. Earth simulation chamber

G. Nuc'ei conditioning assembly
Console

The console provides the working space, storage (including the rack-
mounted subassemblies), and work station for the CPL. It provides a
central work area with control/display and equipment storage on either
side of the work station, This subsystem includes the following assemblies:

A. Console support structure and subassembly

B. Power control and distribution

C. Console panels and drawer subassembly

40




Optical and Imaging Devices

This subsystem contains all optical devices used for observing the experi-
ments and data recording. This includes all motion and still photography.
It provides all lighting devices, focusing and magnification optics
required to produce usable data both in situ during the experiment and
from samples taken on slides or filters., Also included is the optical
velocity-measuring instrumentation. Thie subsystem includes the following
assemblies:

A. Cine camera (35 mm)

B. Still camera (35 mm)

C. Microscope, trinocular

D. Video camera assembly

E. Light source

F. Anemometer

G. Stereo microscope

H. IR microscope

I. Expendables

4.3.2.11 Growth

The baseline Cloud Physics Laboratory will include design provisions, if
cost effective, for accommodation of advanced equipment and subsystems
and for growth in mission duration up to 30 days. This growth can be pro-

vided by addition of an equipment rack assembly and/or tankage.

4,3.3 Oeerations

4.3.3.1 Mission Operations

The baseline assumption for mission operations for the Cloud Physics
Laboratory is that communications and mission control will be through the
Mission Control Center at Johnson Space Center (JSC).

4.3.3.2 Communications Network

The characteristics of the communications systems with the earth, as a
function of operational data, are described in "Characteristics of Future
Ground Network and Synchronous Satellite Communications System for

el



Support of NASA Orbital Missions* (for Planning Purposes Only)", OTDA,

September 1972 issue.

4,3.3.3 Data Management
The baseline assumption for the definition and management of data acquisi-
tion, processing, and handling is that they will be the responsibility of

Cloud Physics Laboratory miscion integrator.

4.3.2.4 Experiment Payload Integration

The baseline assumption for Cloud Physics Laboratory integration is that

it will be the responsibility of Cloud Physics Laboratory mission integrator,
but will be carried out in many cases at locations including KSC and various

facilities (other NASA centers, other Government laboratories, universities,
industrial concerns, foreign users, etc.). This integration will be at the

complete laboratory level,

4.3.3.5 Mission Freparation

The baseline assumption for prelaunch mission preparation, including Cloud
Physics Laboratory refurbishment, final experiment mission definition,
prelaunch crew training, hardware and software experiment mission
compatibility, verification and checkout, is that it will be carried out at the

location or facility that is most cost effective,

4.3.3.6 Interface
Spacelab Module Interface

The baseline Spacelab module to Cloud Physics Laboratory interface will be
in accordance with the following documents:
A. NASA/MSFC - Sortie Laboratory Users Guide (Interim Issue
based on US Option)*
B. NASA/MSFC - Sortie Laboratory Design Requirements,
December 1972%

*This document to be superseded by updated NASA reports as they become
available.
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The CPL interfaces to the Spacelab, as presently defined make efficient use
of the Spacelab resources to reduce CPL equipment. These interfaces,
however, have been established in a manner to permit the greatest level of
CPL autonumy and provide minimum interference in payload integration
activities, The existing Spacelab/CPL interfaces are summarized in the
following paragraphs. Additional interface data is included with the appro-

priate CPL subsystem descriptions in Section 5.

Structural Interfaces

® Console — The CPL console will interface with the Spacelab shell
and floor siructure. This presen’ concept defines usage of the
standard ERNO cabinetry thereby facilitating CPL installation and
removal in an efficient manner.

® Thermal Control/Expendables Storage and Control — The air storage
assembly (high pressure tankage) is presently to be installed and
mounted external to the Spacelab on the conical surface. The
present concept defines procurement of standard ERNO tankage
(Spacelab extended duration air storage tankage) and associated flow
control regulation, and mounting components. Use of this equipment
eliminates CPL project DDT&E costs and enhances Spacelab
integration. The external air tankage does necessitate use of a
Spacelab shell ""feed-through' for the air supply to the CPL.

e Thermal Control/Expendables Storage and Control — The Spacelab
overboard vent is used for experiment expended sample "dump'.

Conditioning and flow control of the CPL necessitates a Spacelab
shell '"feed-through'.

Power Interface
® Ths CPL will interface with both the unregulated 28 vdc and the
115/200 vac 3 phase, 400 Hz Spacelab power busses. The ERNO
Spacelab converters required to condition the power for CPL usage
have been identified. Use of these converters reduces CPL project
DDTU&E costs and simplifies this interface.
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Thermal Interfaces

® Therrnal Control/ Expendables Storage and Control — The thermal
capacitor/heat exchanger for cloud chamber thermal control interfaces
with the 7°C Spacelab thermal control system coldplate. Additional
Spacelab definition is required to formulate interface requirements.

e Thermal Control/Expendables Storage and Control — The cooling of
all CPL equipment within the CPL console will be provided by the
Spacelab avionic cooling systemm. The ERNO cabinetry is defined to
include the ducting, and parts required. The air supply for cooling

is to be provided by the Spacelab environment control system (ECS).

Data Management Interface
e¢ The CPL data management subsystem interfaces with the Spacelab

data management system. The physical aspects of this interface

are relatively simple; operational aspects require additional detailed
evaluation. The presently defined interface makes maximum use of
the Spacelab capability and permits CPL equipment development and

operation with a minimum of Spacelab equipment simulation,

The descriptive data in the above itemized documents represent the current
Spacelab module interface definitions and are presented =3 reference data
only as requirements are subject to change as design requirements of the

Shuttle Orbiter and Spacelab module evolve from trade studies and design

definition maturity,

4,3.4 Laboratory Growth Potential

The baseline CPL concept formulated by this study reaffirmed the results of
an austere through advanced/comprehensive laboratory evaluation performed
previously. Efforts to reduce project cost by utilization of commercial equip-

rnent, terrestrial laboratory equipment, or equipment of reduced tolerance/
accuracy violated the guidelines for the project as did consideration of or
reduction in laboratory automatic controls and/or the deletion of equipment.
It was shown that significant cost savings could be achieved only by the
elimination/deletion of equipment and that this approach was not cost effec-
tive in that it significantly reduced the experiment program and compromised
the project objectives. This approach, furthermore, is not responsive to

the desires of the scientific community.
&N
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The growth for the CPL has been evaluzted 1rom the standpoints of both

in ‘ed mission duration and the inccrpor.: ion of advanced/improved
subsystems. Longer duration mission ca»ability has been provided in the
bas.-line concept bv inclusion of the re«,..1. ari extended direction operating
life tur CPL eguipment. This capabilitv <~:n be provided without noticeable
impact an project cost due to the lesy ncvrating life requirement, even con-

sidering long duration missions

The growth to longer duration yission involves incorporation for increased
expendables (gas samples, fiirn, water, tape and possibly spars parts). The
additional sample air storage can be provided by the addition of additional
tankage, adjacent to the baseline (7 day) tankage on the conical section of the
Spacelab. Sample gases, water, f[ilm, and tape constitute a minor volume
that can be accommodated within the CPL. Extension of lenger duration
missions will, however, result in increased weight for the CPL and influence
ground refurbishment, astronaut training and principal investigatur scheduled

operations.

Since the CPL is envisioned for multiple mission reuse over an v.'tended
duration (10 years), capability to incorporate advanced improved subsystems
was evaluated. This evaluation identified equipment desired for cloud micro-
physics research but not included in the baseline CPL because of state-of-the-
art technology status, development cost and/or development risk. The
improved/advanced equipment includes:

A. Improved tolerance equipment for pressure t:mg~ 'ature and dew
point
Holography
Ranian spectroscopy
UV water proflile detector

Improved control expansion cloud chamber

mBoow

Advanced IR microscope

A preliminary assessment of the CPL did not reveal .ny but geometric restric-
tions that would preclude incorporation of this equipment. Since it is rot
possible to predict the shape, volume and access to the chamber required

by the equipment the CPL concept was not modified.
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4.4 SCIENTIFIC COMMUNITY PARTICIPATION

The Cloud Physics Laboratory project, because of the nature of the research
it is to conduct and the ultimate application of that research, involves both
participation of the scientific community (individual cloud physics researchers
scientists involved in meteorology, cloud modeling and field experrimentation,
governmental agencies, university research groups, commercial/industrial
organizations and international entities) and applications groups (weather
forecasters and weather control and modification organizations operating

at the direction of or under contract to the federal government, state govern-
ments, local governments, government agencies, large agricultural land-
holders, lumber companies, the fishing industry, maritime shipping,
regional recreational groups, airport operators and otker private concerns
whose success is dependent upon weather and climate conditions). At the
present stage of the project primary effort Las been directed to the scientific
community participation. Contact with application groups has not been
actively pursued other than the creation of awareness of the project through
NASA press releases, wide dissemination of project summary reports,
presentation of technical papers at national meetings of professional
societies, and publication of technical papers in national publications, The
scientific community has, as previously described, participated in the
formulation of the laboratory experiment program and laboratory concept
formulation, Their continued participation is cnvisioned in all project
phasers anu is described in the following section. The applications groups,
while not direct participants in the laboratory project, are still vital to
project success. Their involvement and support of the laboratory project

is predicated on their desire and need of improved weather prediction

capability and on their acceptance of weather modification and control as a



viable technique to reduce loss of lives and property dumage and to improve/
enhance the attainment of weather and climate objectives for both the general
public or specific economic advantages. In this context, applications groups
support of the laboratory project is dependent on their understanding that
cloud physics research is the "leading edge' technology in the attainment of
weather modification and control, and that the orbital laboratoury is a

necessary and vital facility for the conduct of cloud physics research.

4.4.1 Project Participation

A.s described in Section 3, the scientific community has been involved since
project inception. Their contributions have provided the basis for the
experiment program and the laboratory concept, and is envisioned for the
subsequent project phases and related supporting research and technology
development efforts. The following paragraphs delineate the scope and major

function of the scientific community by project phase.

4.4.1.1 Laboratory Definition Study (Phase A)

The scientific community performed tasks to refine and improve the experi-
ment program definitions, to establish the methodology for and perform the
initial determination of experiment mission priority, and to revise and
update laboratory cxperiment equipment requirements. These study efforts
provided the scientific basis for the laboratory concept refinement and

laboratory subsystem tradeoffs.

4.4.1.2 Laboratory Preliminary Design Study (Phase B)

The support of the scientific community in this project study will include
formulation of specific experiment mission definitions, assessment of
laboratory concept accommodation of experiment missions, and support
of end item specifications for cloud chambers, droplet generators, and

particle detectors and characterizers.
4.4.1.3 Technology Developmunt Efforts

The technology development of cloud physics research related equipment will

involve scientific community participation, This equipment includes all
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cloud chambers, the conditioning chamber, the environment controllers, and
the liquid and aerosol generators. The development of this equipment
requires the scientific community expertise in support of manned space

equipment manufacturing cxperience. ,
H

In addition, seclected members of the scientific community are to perform
etfforts related to '"key' project factors, planning for subsequent scientific
cominunity participation, coordination/communication with applications

groups and providing scientific guidance to the MSFC project personnel.

4.4.1.4 Laboratory Deveclopment and Production (Phase C/D)

The scientific community will support the laboratory contractor during the

project hardware development and production. Their efforts will primarily
be an extension of the elforts performed for laboratory equipment develop-

ment and involvement in the integration of this equipment into the laboratory.

4.4,1.5 Laboratory Opcrations [Phase D (Operations)]
The laboratory flight operations project phase is the principal area of scien- '

tific community participation.

During this phase principal investigator teams will be identified for specific
laboratory missions. These tcams will be selected and the flight mission
assignments made by a select group of senior cloud physicists, cloud
modelers, field experimenters, and applications group representatives,

The principal investigator teams will formulate the experiment mission
objectives and timelines, provide astronaut training coordination, support
flight operations, conduct astronaut experiment debriefing, perform
experiment mission data reduction and evaluation and prepare the experiment
mission technical report. The laboratory operations contractor will support
the principal investigator teams in laboratory refurbishment/repair, 1
laboratory equipment installation/configuration, laboratory checkout, and ‘

laboratory integration with Spacelab.

—



4.4.2 Selection Procedure (Tentative)

The experiment missions and the principal investigator or principal investi-
gator team will be selected by NASA in accordance with procedures estab-

lished for scientific participation in the Spacelab project.

Though the process by which experiments are identified and selected for
flight has not been firmly established at the present time, a typical flow is
shown in Figure 4-10. The procedure will be initiated by preparation and
submittal of an experiment proposal. At a minimum, the proposal would
contain the following types of information in sufficient depth to permit a
preliminary evaluation by an appropriate NASA experiment review board:

A, Experiment description, objective, and rationale.

B. Desired flight date and duration.

C. Resource requirements for operational support (power, work space,
crew skills, data transmission, etc.).
Potential hazards and contamination sources.
Special ground support equipment and facilities,

Status of experiment development,

aamy

Spacelab support equipment needed,

Criteria for principal investigator experiment mission selection will be
established during workshop activities involving the NASA, representatives
of the atmospheric cloud physics community, and the cisad physics laboratory

mission integrator,

Criteria will include scientific priority, achievability, and zero-gravity
applicability factors, in addition to factors associated with scheduling for
payload selection (experiment mission planning and timeline, astronaut
training, experiment mission support, etc.). The experiment mission
selection will further depend on the proposed principal investigator or
principal investigator team. Preeminence in the area of experimentation
and availability for experiment mission support activities will be major

consideration.
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Section 5
CLOUD PHYSICS LABORATORY SUBSYSTEMS

The Cloud Physics Laboratory consists of the following subsystems:
A. Thermal control/expendal._.es storage and control

Particle generators

Data management
Particle detectors and characterizers
Experiment chambers and nuclei conditioning

Console

OmMmo oD

Optical and imaging devices

The subsystems, their assemblies, and lower-level elements have been
selected based on cost effective evaluations involving consideration of design,
development, manufacture, qualification, operation, spares allo~ation, and
replacement factors. Available subsystems, assemblies, and components,
including commercial equipment (capable of being upgraded for manned
aerospace usage) and equipment developed for other payloads/projects have

been evaluated and defined to reduce total project cost.

The following sections define the individiual subsy'siem‘s equipment, the use
by experiment class, and the weight, power, and volume characteristics.
Where appropriate this information is supplemented by block schematics and
detail design features of specific equipment. Subsequent sections of this
report contain selected subsystem supportative analysis used to establish the
subsystem elements, and definitions of Supporting Research and Tachnology
(SRT) required.

5.1 THERMAL CONTROL/EXPENDABLES STORAGE AND CONTROL
This subsystem includes all assemblies and components necessary to provide
the following CPL services:
A. Cooling of the cloud chamber(s) with a closed-loop fluid system
with ultimate heat rejection to the Spacelab thermal control system

through an interface heat exchanger.
51
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B. Cooling of all other CPL equipment within the CPL console using
air supplied by the Spacelab avionic cooling system.

C. Humidification, storage, and equilibration of air and sample gases
within a variable volume chamber for later, scheduled withdrawal
to the cloud chamber(s).

D. Storage of sterile, deaerated water for use in the humidification
process.,

E. Storage of all expendable gases (air and sample gases) including
an excess quantity for system purging and cleaning.

F. Installation of necessary instrumentation sensors and definition

of console displays.

This subsystem is permanently mounted in the console except for the expend-
able gas storage which is mounted outside the Spacelab. The subsystem will
be flown on every experiment mission of the CPL. This subsystem includes
the following assemblies:

A. Thermal control
. Flow, humidity, and pressure control
. Expendables storage
Instrument and display
Expendables

m Ko 0w

Cleansing, purge, and vent
Weight, power, and volume are given by assembly on Table 5-1.

5.1.1 Thermal Control
Equipment will be provided to supply cooling to the cloud chamber thermo-
electric modules and to all console-mounted CPL avionic and support equip-

ment. See Figure 5-1 for schematic of this assembly.

5.1. 1.1 Cloud Chamber Cooling Subassembly

The cooling subassembly will provide the means to transport heat from and
maintain temperatures in the cloud chambers. Heat will be removed from
the chamber by liquid water coolant that in turn will reject heat to a 7°C
Spacelab coldplate through a heat exchanger. The heat exchanger will contain

&2
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a phase-change material that adsorbs excess cloud chamber heat during
operation at a temperature less than -32° C. The heat removal to achieve
-40 C in the cloud chambers will be accomplished by using thermoelectric
(TE) cooling within the cloud chamber and is described in the cloud chamber

subsystem.

5.1. 1,2 Contact Heat Exchanger — Thermal Capacitor

This heat exchanger will provide a means to transport heat picked up by the
coolant water to the Spacelab 7° C coldplate. It also will provide a phase-
changing capacitor to adsorb thermoelectric module heat in excess of 150 watts
for periods of time that are dependent upon TE module efficiency and ambient
refrigeration load.

5.1.2. Flow, Humidity, and Pressure Control

Generation of humid gas samples and control of the flow and pressure of the
samples during transfer to the cloud chamber will be managed by the humidi-
fication subassembly and the water storage and supply subassembly, See
Figure 5-2 for schematic of the assembly.

5.1.2.1 Humidification Subassembly

The humidification subassembly (1) provides a water vapor source; (2) mixes
proper proportions of water vapor, air, and sample gases; (3) equilibrates
the mixture at Spacelab ambient temperature and at the proper pressure and
humidity; and (4) is utilized during the purging and cleaning operations
between experiments. The subassembly will be comprised of a wick evaporator,
a valve module and a humidification chamber.

5.1.2.2 Water Storage and Supply Subassembly

The water storage and supply subassembly will supply deaerated, sterile
water at constant pressure to the wick evaporator and, when required, to
the cloud chambers.

5.1.3 Expeadables Storage

Expendables storage will include all equipment (tanks, valves, plumbing, etc.)
for storing and distributing sample gases and clean air for test and cleansing.
See Figure 5-3 for schematic of equipment.

s
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5.1.3.1 Dry Air Storage Subassembly 1
The dry air used as an additive to test samples and for cleansing purge will

- e

be stored externally to the pressurized Spacelab cabin on the forward cone.
The Spacelab-designed tank installation will be used in its entirety, including
tanks, valves, rupture disks, plumbing, support structure, and a spare
feedthrough connection to internal CPL plumbing. Four tanks will be procured
to Spacelab specifications. These tanks are 534 mm in diameter and will
supply the total usable air mass of 69. 4 kg required for a 7-day mission.

The tanks will be fabricated of high-strength maraging steel and designed

to safety factor of four times the limit pressure of 2. 07 x 107 N/mz. They
will have a protective coating to resist external surface corrosion and will

be enclosed within meteoroid shields.

5.1.3.2 Sample Gas Storage Subassembly

The various sample gases used in test gas preparation will be stored inside
the conscic in separate 203-mm-diameter tanks. The baseline installation
will have gro.: ‘2ns for nve tanks. Preservation of CPL cleanliness will be
managed by the use of separate flexible hoses and quick disconnects (QD's) to
connect to the valve module (VM) test port. (The VM test port QD and inter-

nal valving will be purged prior to a change to a different test gas.)

5.1.4 Instrumentation and Display Assembly

Pressure and temperature transducers will be used throughout the thermal
control/expendables storage and control subsystems to monitor subsystem

status and performance.

5.1.5 Exgendablel

Air, water, and sample gases (types yet to be determined) are expended during
all experiment period ., Air for experiment use and for cleansing purge will
be particulate-free and dry to a dew point of -55°C or less. Sterile, deaerated
water will be used to fill the water tank. No bivcides will be added in order

to prevent contamination of the evaporator wick.



5.1, 6 Cleansing Purge and Vent Assembly

The cleansing purge and vent assembly will include: (1) ail plumbing, valves,
regulators, filters, etc., used to transport dry air from the dry air storag:
assembly interface to the humidification chamber and cloud chambers; (2) all
plumbing and other components used to vent the waste gas samples; and {3) the
test sample gas line from the humidification chamber to the cloud chamber.

5.2 PARTICLE GENERATOR

Several types of generators will be required in the proposed experiments.
These will vary from hygroscopic NaCl particulates which typify many forms
of natural nuclei in the atmosphere to large water droplets or ice crystals

to study growth habits or collision breakup. These generators are of funda-
mental importance to the total experiment program. The generators must be
adapted for vperation in a low-gravity condition and functionally optimized
for the specific experiment requirements of quantity, droplet size, and

production rates.

Table 5-2 is a summary of equipment required by experiment class. Not all
equipment indicated by class will necessarily fly on every mission. This sub-
system includes the following assemblies:

A. VWire probe retractor
. Water drop impeller
. Vibrating orifice

Evaporation/condensation aercsol generator

Spray atomization

Powder dispersion

OmMmmMpoOow

Particle injector and size conditioner

Weight, power, and volume are given by assembly in Table 5-3 and by
experiment class in Table 5-4,

5.2.]1 Wire Probe Retractor Generator

When a wire is pullea rapidly out of a fluid, it pulls a filament of the fluid
out from the surface. When the filament reaches a certain length, it will
break off at the ends and contract to form a droplet. The size of the droplet
is determined by the dimensions of the filament which are in turn controlled

T
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by the diameter of the wire, the angle that the wire makes with the surface of
the fluid, and the depth of penetration of the wire into the fluid. The motion
of the linear actuator moves the push rod and attached wire with amplitude
determined by the size of the current pulse from the dual-pulse generator.

The motion of the wire out of the water surface causes the droplet to form on
the outgoing stroke in the manner described above. A hood is used to create

a charge controlling electric field in the region where the droplets are formed.
The dual-pulse generator is used to drive the linear actuator to form the
droplets and to initiate the high-voltage pulse generator to charge the droplets.

Figure 5-4 is a block diagram of the wire probe retractor generator.

5.2.2 Water Drop Impeller Liquid/Ice Drop Generator

A water droplet impeller is used to provide small volumes of liquid with
variable droplet velocity. A linear actuator dispenses the liquid and the

initial droplet velocity is controlled by the rate of actuation. A quantitative
syringe is used as a repeating dispenser. The pushbutton dispenser discharges
1/50th of the syringe's capacity on command, Figure 5-5 is a block diagram

of the water drop impeller generator assembly.

5.2.3 Vibrating Orifice Liquid/Ice Droplet Generator

This instrument produces droplets through the controlled breakup of a cylindrical
liquid jet by a vibrating orifice. A cylindrical liquid jet is basically unstable
and naturally tends to hreak into droplets. Left uncontrolled, the breakup
process produces nonuniform droplets. However, by applying a periodic dis-
turbance of an appropriate frequency on the liquid jet the breakup process can
be controlled. In the controlled breakup regime, exceedingly uniform droplets
are obtained. The standard deviation is typically 1 percent of the mean droplet
diameter. Further, since each cycle of the disturbance produces precisely
one droplet, the volume of the individual droplet is given by the ratio, Q/f,
where Q is the volumetric liquid flow rate through the orifice, and f is the
frequency of the applied disturbance.

This instrument can also be used to produce nuclei through the production of

aerosols. If a liquid solution containing a nonvolatile solute in a volatile solvent

is sprayed through the vibrating orifice, and the solvent is allowed to evaporate
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from the droplets, uniform particles of the nonvolatile solute are obtained.

Figure 5-6 is a block diagram of the assembly.

5.2.4 Evaporation/Condensation Aerosol Generator

The heat exchange evaporation-condensation technique has been extensively
studied. It is perhaps one of the more reliable methods of aerosol generation.
By proper control of experimental variables, one can generate 30 A to 3 micron
(diameter) aerosols of NaCl and AgCl. This is accomplished by a gas of

known flow rate entering a furnace, which for generating the NaCl and AgCl1,
operates at temperatures near 900°C, A boat containing the aerosol material

is located in the center of the furnace. The contents of this boat provide a
source of vapor for aerosol formation. Air, nitrogen, helium, or any other
nonreactive gas is passed through this furnace and mixed with the vapor of

the aerosol material. This mixture, upon leaving the first furnace, is quenched
to room temperature thus forcing the vapor to condense into the primary aerosol.
The primary aerosol then passes through a second furnace operating at least

10* C higher than the first. Here the aerosol evaporates and, upon leaving the
second furnace, recondenses to form the secondary aerosol. Use of the

second furnace results in a sligh.ly more monodispersed aerosol. Figure 5-7

is a block diagram of the assembly.

5.2.5 Spray Atomization Nuclei Generator

Mechanical atomization of liquids in atomizers, nozzles, etc., which is made
use of in many fields of industry, gives as a rule very polydispersed mists.
The mechanism of atomization is as follows: under the action of hydraulic
pressure, a centrifugal or an aerodynamic force, the liquid is drawn into
narrow ligaments or films, which subscquently disintegrate into droplets
under the action of the surface tension. The thinner the liquid ligament, the
smaller are the droplets formed. The hydrosphere nebulizer prepares a
film of water for aerosolization by flowing it over a hollow sphere. A small
orifice in the sphere ¢xpels gas at supersonic velocity. This high-velocity
gas ruptures the thin film of water and produces continual dispersion of fine
liquid particles. These particles are reduced to an ultrafine aerosol as they

are forcefully propelled against an impactor. This aerosol passes through a
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drift tube where dry gas is added to promote evaporation of the vvater and

produce the dry aerosol. Figure 5-8 is a block diagram of the assembly.

5.2.6 Powder Dispersion Nuclei Generator

The dispersion of a powder after placement in the aerosol generation box can
be accomplished through aeration of the sample from a high-velocity nitrogen
stream. A device similar to that used by Perkins (1952) will be considered
for disseminating the finely divided powder into the conditioning chamber.

In this apparatus, the powder is compacted into a rod-shaped pellet which is
eroded by a high-velocity jet, generating an aerosol that is largely composed
of single particles. The generator itself consists of hypodermic needles
which are directed toward the top of the pellet tangentially and at an inclina-
tion of 45 degrees. Compressed air supplied to the nozzles produces a high-
velocity vortex which erodes particles away from the cylinder and into the

airstream. Figure 5-Y is a block diagram of the assembly,

5.2.7 Particle Injector and Size Conditioner

Supercooled water droplets and single ice crystals are required in several
experiment classes. The interaction of ice with supercooled water and ice
with ice in such experiments as collision-induced freezing and riming and
aggregation will be investigated. In these experiments droplet size, impact
energy, temperature, pressure and relative humidity must be controlled
precisely., To accomplish this a particle injector and size conditioner is
required. This generator will work on the same principle as the static
diffusion thermal chambers where the relative humidity and temperature are
controlled by the two horizontal wet surfaces spaced a few centimeters apart.
These surfaces could either be ice or water depending on type of droplet

required.

A water droplet is injected into the generator by one of the liquid water drop
generators. If ice is required, the droplet will be nucleated. An acoustical
assembly will provide motion and orientation control of the droplets/ice
crystals within the generator while they are being conditioned. Positioning
is required because ice crystals could take several hours at the low super-
saturation rates to grow to the size required. Two viewports are required

for observation during growth and for precise measurements of the drcplets/
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ice crystals. The generator could also be used for storing ice crystals for
long periods. By means of an acoustical and/or optical positioning device,

the droplat/ice crystal can be propelled into the experiment chamber. This
will be an item for development. A block diagram of the assembly is shown

in Figure 5-10.

5.3 DATA MANAGEMENT

The data management subsystem (DMS) consists of that equipment allowing
development and operation of the CPL with a minimum of special -purpose
simulation or support and that portion provided by the laboratory. This
division is illustrated in the DMS block diagram (Figure 5-11) by the dashed
line. The interface adapter provides interface compatibility between the two
3ystem elements with the exception of the video components which interface
directly with breakout boxes provided by Spacelab. Operation of the Spacelab

functions during development would be performed by standard laboratory

equipment.
WATER CR76
1
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Figure 5-10. Particle Injector and Size Conditioner

519




webnq ¥0ig wewsbsueyy 1eg ‘| 1-g anBiy

Y

NOILYH3dO INIWIH3dX3 40 INIDHId OL = SILYNOLNY ©
LNINJOT13AIA ONIHNG LNINGINDI ANOLYHOBY) GHVANVLS 30 3SN SMOTTY ©
NOLLVINKIS LNINGIND3 GYI1IDVAS 30 WNWINIW V HLIM NOILYHISO/ ANINJOTIAIT 140 SMOTIV @
J10SNOD 149 LV TOHLNOD ONIZITVHINID A8 SNOIL78HNLH3d LNINIU3IXI SIZINININ W30uoI3W
$3uN1v3ad 0301A
A3 J_ ONINOLIMS T
030IA
oI0IA HOLINOW _
030IA —l. —
_ e |
W31i8W0
189 OGNV | |._ e
13Nvd LINA AVSSIO
30N3NO3S o
JIHdVHD QUVORAIN
H3au0O3
“ 31VH-MO1
193138
NOILONNS
H344VAY 30V HILNI n
¥3110HLNOD
W3ILSAS IviIONg $1$3N03Y
J0HLINOD ONV v1va o/t
¥OSS3II0H4 SNLV.S WILSAS HILNINOO
1JIENVHD
3ON3Y3IITY INIL
k)
o ] Tgue a d
(AN3NIND3 1TV) o
NNwiLLS nia ¥o
H311VWHO4 - nwe
viva viva
V.1vG ONV SHIVE XVL
140 V1 30ves



The processor performs all valve sequencing operations with the exception of
those few performed manually. Control would be exercised interactively with
the operator by incorporating '""Requests for Data' or "Halt'" points within the
nrograms. These would allow an opportunity to modify the program data base
or select alternate continuation sequences depending upon each experiment's
particular needs. They would also provide a "hold" period to allow the operator
time to consult procedures or the progress of the experiment to that point.
Onerator control would be exercised via the keyboard and function select keys,
Information would be displayed on the graphics display unit and by the sequence
panel which would contain a diagram of the system and lights indicating the
status of the experiment in progress. The processor would output commands
via the interface adapter to either the analog or digital controller. The coun-
trollers would provide either analog or digital (discrete) signals to the appro-

priate valves, detectors, or CPL control devices,

Talkbacks from these units would be conditioned to have the proper signal
characteristics for data acquisition by the formatter. This unit would sample
the signals in a preprogrammed sequence, provide the appropriate talkbacks

to the processor, and route all data to the remote acquisition unit (RAU) in
serial digital form. The data would periodically be accessed by the Spacelab
computer and routed to either the low-rate recorder or brought into memory.
The latter procedure would be performed if a checkout sequence was being
performed. The computer also is the repository for all experiment procedures
and display formats and provides the commands controlling the status of the

CPL processor entered via the keyboard.

The DMS is a permanent part of the CPL, flying on all missions. It consists

of the assemblies and subassemblies shown in Figure 5-12. ThLese assemblies,
in turn, contain the components and subassemblies shown in column 2 of

Table 5-5 which also contains a summary of their characteristics. In some
instances where it 18 intended to use components developed for Spacelab (to
eliminate nonrecurring costs), assumptions have been made due to the limited
amount of published data (see Table 5-6). Specifications for this equipment
should be available following the laboratory "Preliminary Requirements Review'

which is scheduled to occur February 1975,
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Figure 512. Spacelab DMS Equipment Diagram
5.3.1 Control Processor Assembly

The assembly includes a control processor, an interface adapter, shown in Fig-
ure 5-13, and two control units. The control processor contains an integral 4K,
16-bit word plat- | wire memory, four program registers, four index rcgisters,
and eight accumulators. Typical execution times are: add, 2.4 psec; multiply,
10. 4 usec; and divide, 30.4 psec. It also contains an I/O consisting of 16-bit
parallel bus input and output lines, a serial input/output line, and an external
clock input. The interface adapter shown in Figure 5-13 consists of multi-
plexing, addressing, and decoding circuitry using L flatpacks. Connectors
are provided for the control processor, controllers, RAU interface formatter, :
sequence display, function salect switches and power (eight total). The control
units consist of an analog and digital controller. See Figure 5-14 for block
diagrams of these units. The analog controller contains digital address and
bias decoding circuits which select and control the gain of analog amplifiers
and drivers. One input, one output (20 drivers), and one power connector

are provided. The digital controller contains digital address decoding cir-
cuits, 60 discrete 28-volt drive outputs, and 10 serial outputs. One input,

one output, and one power connector are provided.
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Table 5-6

SPACELAB DATA MANAGEMENT EQUIPMENT CHARACTERISTICS

CRT AND KEYBOARDS

Three CRT's plus three keyboards
in cross-strappiny configuration
Keyboar.s pruvide numerics, 6
alphabetical characters, clear
call, enter keys message display
before entry

CRT's in three colors: 16 lires

x 64 characters

Symbol generator provides
vectors, alphanumerics, symbols
Two sizes for characters, solid or
dashed lines, blinking

Stroke writing on 15-inch screen

REMOTE ACQUISITION UNIT (RAU)

Multiplexer-demultiplexer for
data acquisition and command
distribution

14 RAU's interfacing with two 1/0
units through data bus (tnree
twisted shiclded pairs, redundant
bus)

For each RAU: 64 analog in, 8 x
8 bit digital in 2 PCM lines out,
16 on-offs out

Built-in buffer for high rate data
(1 Mbit)

Checkout by parity and test mode
Message repeat in case of
commands

RECORDING

Two recorders (Odectics) for
digital and analog buffer and
dump (tapes are removable)

30 Mbps digital recorder. MTBF=
5,000 hr at error rate 10-6, data
capacity 3,6 1010 hitg for 20
minute record

Analog recorder provides two
channels at 6 NMM\Hz MTBF =

8,000 hr.

FM, 20 minutes recording per
tape

Recorders use existing space
technology

CAUTION-WARNING

Hardwired CW independent from
computer

Two panels and oae electronic
unit

Level | alarms (crew abort),
flashing lamp and modulated sound
Level 2 alarms (require numan
action), lampe with identification
and sound

End-to-end test cf all alarms
Interface to intercom fzr hcadset
and additional loudspeaker
activation

Sensors are dual and all logic is
redundant

Capability: Level ! - 1 annuncia-
to.; Level 2 - 10 annunciators

INTERCOMMUNICATION

Two 2-way channels for normal
intercom

One 2-way channel for emergency
intercom

Point-to-point or conference
communication .

One main station and four remote
stations in laboratory, tunnel,
PSS, loudspeakers and headsets
Emergency intercom electron-
ically independent

Interface with caution-warning

TIME DISPLAY

Display GMT and MET (mission
elapsed time)

Four event timers, capability
of 100 hour~, accuracy 1/10
s2conds, time preselection by
thumbwheels

Delivers start and end signals
to experiments
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5.3.2 Tape Recorder Assembly

The tape recorder assembly is assumed t¢ include a seven-track, variable-
speed, low-rate digital recorder. Although not available in the present
baseline, it is carried as an option which must be eventually provided if the
system is to support the experiment program. The assembly also includes
an analog (video) recorder whose characteristics are as described in

Table 5-6.

5.3.3 Master Control Assembly

The master control assembly consists of a keyboard and discrete switch panels.

The keyboard will be identical to the units provided for Spacelab consoles and
described in Table 5-6. Switch panels will consist of pushbutton, toggle,

and rotary switches for equipment operation and control.

5.3.4 Signal Conditinning Electronics Assembly

The electronics assembly includes the signal conditioning unit, the formatter,
and the RAU. It also includes the intercommunication although the latter is
included in this assembly only as a matter of convenience. The signal con-
ditioning unit contains analog and digital circuits for bridge circuit completion,
counting, amplification frequency to dc conversion, etc. on irdividual circuit
cards installed in a single enclosure., The circuits will be designed to provide
compatible interfaces between circuit and transducer outputs and data acquisi-
tion inputs. All circuits will be capable of accepting calibration commands
and producing a standard output 80 percent of full scale. Multiple connectors

are required.

The formatter will time multiplex approximately 200 analog «nd digital inputs

at prescribed sampling rates and convert them into 10-bit words output as a4
continuous digital bit stream. Hardware or firmware programming is adequate,
i.e., a simple device is indicated. Two outputs are to be provided, one

interfacing with an RAU and one with the CPL processor.

The RAU performs much the same functions as the formatter, the difference
being that input addressing is controlled by the Spacelab computer rather than
internal fixed programming. The units use an 8 bit rather than 10 bit word

and the characteristics of the serial data inputs are undefined.
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The remote intercom unit is a standard Spacelab equipment item containing
receive and transmit amplifiers, volume controls for speaker, headsets and

microphones, voice and channel select. Tacks for two headsets and micro-

phones are provided.

5.3.5 Instrumentation and Display Assemblies

Instrumentation would consist of temperature transducers (primarily therm-

istors), voltage/current sensors, and video cameras. Circuit outputs would
also be provided for frequency measurements and digital register readouts.
Display assemblies consist of graphic display units, sequence panels, and

time readouts.

The video camera is a standard unit 525-line raster on a l-inch tube with a
4.0-MHz bandwidth, The camera with a zoom lens sees through a beam
splitter in one of the illumination modules which in turn is attached to the
viewport to one side of the observational viewport. With a wider angle lens
at this position, the unit provides the astronaut with a view of the chamber
much greater than that provided by his microscope. Using the monitor
screen, he can observe droplets introduced in the chamber and see the
overall trajectory as they are propelled. Since the camera's video output can
be recorded on a video tape recorder, the astronaut can playback scenes of
droplet trajectories on the monitor at will. The camera and monitor give

him another eye and viewing position to observe the experiment.

I'he graphics display unit is a Spacelab-developed unit consisting of a 15-inch
diagonal color CRT together with a chassis providing horizontal and vertical
deflection amplification, D to A converters, and a digital decoder and
controller. A separate unit would provide character and line generation,

refresh memory and buffers for interfacing the keyboard, and computer 1/0.

The sequence pane! contains an input register, diode-decoding matrix lamp
drivers, and approximately 40 incandescent lamps which indicate the status
of the CPL system and the progress of a particular experiment. The lamps

are inserted in a diagram of the CPL. A converter provides the 5-vdc

lamp supply.

528



The time display is a Spacelab-developed unit which accepts the IRIG code
provided by the orbiter and converts it to binary-coded decimal form for
driving an electro-luminescent time display. Either CMT or MET can be
selected via switch. Two event items are also provided with time to go and
elapsed time set by thumbwheel switches. The units count time from

0.1 second to 100 hours.

5.3.6 Expendables

Data management expendables include three digital and ten video tapes. The
initial digital tape allocation was based upon recording for 10 hours per day,
6 days a week at a 1-kbps rate which produces 2.6 x 107 data bits, well within
the capacity of a single 10-1/2-inch reel. Because of concern about the tape
recording speed available, an alternate method of calculation was employed
based upon a tape speed of 3-3/4 ips and 4, 800 feet of seven-track tape per-
mitting 30 hours of recording and requiring two tapes per mission plus one
spare. The video tape allocation assumes 20 minutes of recording per reel
based upon Spacelab data with the video camera operating in a burst mode
rather than continuously. Although record time per day will probably exceed
2 hours, the ability to erase and reuse the tape after transmission to the
ground via the TDRS should provide sufficient operation time with the indicated

quantity of tape.

5,4 PARTICLE DETECTOR AND CHARACTERIZER

Several types of detectors will be required in the proposed experiments. These
range from particle size analyzers to nuclei mass monitors. Nuclei are

either condensation centers for droplet formation or solidification centers for
ice crystal formation. Particles are either water droplets or ice crystals
which have grown from nuclei to larger sizes. In order to understand the
effects of nuclei in causing condensation, one must know both the character-
istics of the nuclei and the resulting particles under known environmental con-
ditions. Thus the nuclei measurement devices will provide information about
the initial aerosol distribution while the optical particle counter and cameras

will provide information during and after an experiment.
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Relative humidity measurements will be required to be taken »f the gas samples
before they enter the chamber as well as during the experiment time in the
~hambers. These detectors are of fundamental importance to the total experi-
ment program, These techniques must be adapted for operation in a low-gravity

condition and functionally optimized for the specific experiment requirements.

Table 5-7 identifies and classifies the recommended major components of the

particle detector and characterizer subsystem to be developed for the CPL.

Table 5-8 is a summary of equipment required by experiment class. Not all
equipment indicated by class will necessarily fly on every mission. This
subsystem includes the following assemblies:

A, Optical particle counter

B. Pulse height analyzer

C. Condensation nucleus counter

D. Microporous filter

E. Quartz Crystal mass monitor

F. Cascade impactor

G. Electrical size analyzer

H., Scatterometer

[. Liquid water content meter

J. Droplet size distribution meter

K. Optical thermoelectric dew point hygrometer

1

. Electrical dew point hygrometer

Weight, power, and volume is given by assembly on Table 5-9 and by

experiment class on Table 5-10.

5.4.1 Optical Particle Counters

Optical particle counters are precise scientific instruments which measure

the size (in microns) and concentration (in particles per cubic foot) of par-
ticulates suspended i1n air. The basis for all light-scattering instruments is
the Mie theory which defines the scattering from an ogtically isotropic sphere
as a function of the ratio of the sphere size to the wavelength of illumination,
of the retractive index of the sphere, and the angle between the incident light

beam and the observer. Major limitations to this method are the criticality
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Table

5-7

RECOMMENDED PARTICLE DETECTORS
AND CHARACTERIZERS

Soutce’ Lquipment
Component  Speciiication  Size Range Measures Tvpe Classification Status Complexity Remarks
Optical {1+ Royco 0,3 to Particle size Electrical/ Commercial Current/ Average Measures polvdispersed
Particle Maodel 225 10 um and numbers Optical modification particles
Counter 12) Climet required
Pulse Height DNuclear Data can Pulse height Electrical Commercial Current/ Average Used with the uptical
Analvzer Inc. modification particle counter
required
Conaensatiun GE 0,0025 um Concentration Electrical/ Commercia! Current/ Average Photographs taken and
Mucleus (CNC-2) and Mechanical modification particles counted
Counter laryer required
\licro- 1y \uclepore H.vul and Total Mechanical Commercial Current/ Low Not real time
DUrLUE {21 \Millioore lacger numbers modification anatysis
Fulte - requred
Quarts (1 Thermo 0.01 to Tocal mass Etectrical/ Commercial Current/ Low
Crvstal Svstems 10 um Mechamcal modification
Mass {2y Cejesco required {2} Soace quanfied
\fonitor
Cascale (1) BGI Inc, .1 to 100 >sice Mechanical {}) Commer- (! Current/ {1) Low Not real time analysis
lmpactur um Mistribution cial modification
required
(2) Goetz {2 Special {2) Labora- (t4]
{Centrifugal) tory Average
Flestrical Theermo 0, 0032 Size range Electrical Special Current’ Average Range would need
nrze wastems to l.um  and modification extended
Analveer concentration required
Scatter: - \MDAC o e | Flectrical/ special faboratory Average Advance development
meter and disteubitiun Omptical model ttem.
lareer availahle.
Modification
reguired,
Liquid Meter UMR nAuam Liquid water Electrical/ Special Laboratory Averate Anvance develupment
Content ane cantent Optical model item
\leter larger availahle.
Mo fification
required
Dropiet MDAC 0.5um Size tlectrical/ Special Laburatory High Advance developiment
Size and Mastribution Mechanical model item
Distribution larger Ontical available,
Meter Modification
required
Optical EGEC 0 to 1007, Relative Electrnicsl/ Ceniumercisl  Current/ Low Primary measurement.
Thermo- RH Humidity Optical Modification No calibration required.
alectric required
Dew Poimt
Hygromater
Electrical .- 0 to Ralative Electrical Commaercial Current/ low Accuracy r 2-1/2%
Dew Poimt Chemical 100" Modafication
Hygrometer Rasearch required
Corp
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Table 5-10

PARTICLE DETECTORS AND CHARACTERIZERS SUBSYSTEM
FEATURES BY EXPERIMENT CLASS

Maximum
Operating Average
Weight Volume Power Power
Equipment/Class (kg) (m3) (watts) (watts)

1 169. 86 0.427 972 231

2 106.97 0.29 611 116

3 106.97 0.09 611 116

4 25.1 0.10 245 18

5 40. 57 0.15 479 115

6 163. 47 0.39 888 104

7 34,17 0.117 395 48

8 132,41 0.307 781 83

9 31.49 0.13 329 85
10 25,1 0.10 245 18
11 34,17 0.117 395 48
12 178.93 0. 446 1,122 203
13 106.97 0.29 611 116
14 189.13 0. 46 1,249 209
15 129.73 0.33 715 121
16 163. 47 0.39 888 104
17 25.1 0. 10 245 18
18 25,1 0.10 245 18
19 153,27 0.27 761 98
20 116.04 0.31 761 146
21 -

of the sensing angle, color and density effects of the fluid medium, changes in
the reflective and refractive indices of the materials, the tendency of some
fluids to absorb certain wavelengths of visible light thus causing less energy
to be focused on the target particle. Also the light-scattering devices are
limited to 0.3 micron. Figure 5-15 gives a block schematic of the

assembly.
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Figure 5-15. Optical Particle Counter
5.4.2 Pulse Height Analyzer

A pulse height analyzer is required to process the data from the optical
detector. This instrument can he used in a variety of experiments requiring
pulse height analysis and/or multichannel scaling. The module iteelf is
divided into three functional sections: the analog-to-digital converter section,

the data-handling section, and the memory section.

5.4.3 Condensation Nucleus Counter

The Aitken nucleus counters are used to measure the total aerosol concentra-
tion. These instruments are of the photoelectric type based on the Pollak 1957
counter and operate at the Aitken expansion of 1.2 to 1, in an attempt to
activate all aerosol particles as condensation nuclei. The walls are lined

with a wetted porous ceramic lining that provides the moisture supply to the
air sample. A light beam from the top of the chamber traverses the tube to

a photocell at the bottom. The instrument compares the ratio of light
scattered by the chamber bhefore the expansion to the light scattered by the

fog in the chamber after the expansion, utilizing a dark field patch in the

light path, and a photomultiplier. Because the reference signal is the
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light scattered by the fog-free chamber, this chamber and the lenses at the
light source and photocell end must be kept clean for optimum performance.
Attenuation of the photocell current has been calibi-ated in terms of the con-
centration of Aitken nuclei in the air sample. The counter is capable of
measuring the Aitken nuclei concentration from less than 10 to 250, 000
nuclei per milliliter. A block schematic of the assembly is shown in
Figure 5-16.

5.4.4 Microporous Filters

The procedure consists mainly of passing a known volume of air through a
microporous membrane filter, coating the suction side with a thin layer _f
viscous oil. The oil renders the filters transparent and seals the pores
without wetting its upper surface. The filters are placed on a therma: con-
ducting plate and placed in a diffusion chamber under controlled temperature
and supersaturation. Ice crystals which grow on the surface of the filter are
revealed by a light beam and may be counted. Samples on the filters will be
stored and returned for final analysis. A block schematic of the assembly is

shown in Figure 5-17,

5.4.5 Piezoelectric Quartz Crystal Mass Monitor

This is an instrument for automatically and centinuously monitoring the mass
concentration of airborne particles. The aerosol to be sampled is drawn into
the electrostatic-precipitator chamber at a flow rate of 1 liter/minute. All
»f the particles in the air stream are deposited onto the surface of the sensor
with a highly efficient electrostatic-precipitator collector. The sensor is a
piezoelectric quartz crystal uscillating at its resonant frequency. It is driven
by a solid-state oscillator circuit. The resonant frequency of the quartz
crystal decreases linearly with the total mass of the particulate deposition,
thereby automatically weighing the airborne particles. A second sensor - the
reference quartz crystal - compensates for possible changes in ambient effects,
such as temperature and gas composition. The time rate-of-change of the
output frequency signal is directly proportional to the total particle mass con-
centration in the range of about 0,01 to 10 microns. A block schematic of

the assembly is shown in Figure 5-18,
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5.4.6 Cascade Impactor

The cascade impactor operat~s on the principle that particles in a moving air
stream will impact on a slide placed in their path provided that inertia of the
particles is sufficient to overcome the drag of the air stream as it moves
around the slide. The jet in each stage of the irnpactor is smaller than the

one that preceded it. The velocity of the airstream and the dispersed particles
increase as the aerosol advances through the impactor. Smaller particles
eventually acquire sufficient momentum to in paci on a slide with the result

that particle size classification is achieved.

It is possible “o find the size distribution by just microscopically enumerating
the particles on the slides in cach stage of the impactor. The range of the
instrument is determined by the number of stages used in the cascade which
can measure particles from 0.1 to 100 pm. A block schematic of the assembly
is shown in Figure 5-19,

5.4.7 Electrical Aerosol Size Analyzer
Counting and sizing with the electrical aerosol size analyzer is based on a
process of charging the particles with a unipolar charge and then measuring

the mobility distribution of the charged particles.
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Figure 5-19. Cascade Impactor

As a vacuum pump druws the arrosol through the analyzer, a corona generated
by a high-volt je wire within the charging section gives the sample 2 positive

electrical charge.

The charged aerosol flows concentrically from the charger to the analyzing
tube section v-hich is an annular cylinder of aerosol surrounding a core of
clean air. A metal rod, to which a variable, negative voltage can be applied,
passes axially through the center of the analyzer tube. Particles smaller

than a certain size (with high electrical mobility) are-drawn to the collecting
rod when the voltage corresponding to ti,.* size is on the rod. Larger particles
pass through the analyzer tube and are coullected by the current collecting
filter. The electrical charges on these particles drain off through an electro-
meter, giving a measure of current. A block schematic of the assembly is

shown in Figure 5-20.

5.4.8 Scatterometer (Optical Detector)

The scatterometer is an instrument to measure the angular scattering profiles

of various particles ot ice and water as they undergo or have undergone a
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history of various environments. These basic data can be obtained from
each of the experiment classes (except Earth Simulation) as part of the data
collection process. Previous experimental work has shown that the physical
state of water and ice particles has a distinctive scattering signature. As
data are collected during the experiments related to particle states and
interactions, these additional data can be obtained optically without disturbing
the experiment. The principle involves illuminating a particle with mono-
chromatic light. The optical detector and its collecting aperture are rotated
angularly about the particle as the Mie scattering intensity is recorded as a
function of angle from light beam. Measurements are repeated using other
light wavelengths, Polarization of the light beam will be used to determine

its importance as an identifying feature. The data obtained would be

accumulated in a data bank. A remote sensor in a satellite or high-altitude
aircraft would pass over a weather pattern and by virtue of the observed
scattering signatures determine the suitability of the clouds to the triggering

processes known as seeding for weather modification,

The instrument is not commercially a.ailable and would require development
to be compatible with the experiment chambers. Since the measurements of
scattering will be rnade as a function «.f angle with the light beam, the particles
must be still, The scatterometer detector requires sensing from several
angles within the chamber and requires a scan path guide rail so it can be
moved around the periphery of the chamber., The scatterometer is an
advanced development item and is the simpiest of a series of three optical
detectors (scatterometer, liquid water content meter, and drop size distribu-

tion meter). Figure 5-21 is a block diagram of this assembly,

5.4.9 Liquid Water Content Meter

The term, liquid water content (LWC) meter, is used here to mean an electro-
optical system which mcasures the amount of vapor which has been condensed
and provides a signal proportional to this quantity which can be used for control
T-total
sensitive volume of the chamber; n(a)-the size distribution or concentration

purposes. The parameters required to determine the LWC are: V

of liquid particles, that is, the number of particles per unit volume per size
range of particles (No. /cm3 /um); and a - the radius of the particles. In

general all of these variables are a function of time. Because, the condensible
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Figure 5-21. Scatterometer
vapor will be water, the discussion will be limited to spherical water droplets,

With this assumption one can write the LWC as
Lwow) = voit) A5 [n [aw] [a®)]? da
T 3 u

where u and v are the smallest and largest droplets present at time t. This is

the general definition which for a monodispersed clou educes to the simpler

form
4n 3
LWC(t) = V. (t) 5 [att)] " N

where N is the droplet concentration, Thus, to determine the LWC one must
measure VT’ n(a), and a as a function of time. While the disymmetry ratio
does not provide a means of measurirg n(a) and a directly, the optical signals
measured contain average information about n(a) and a from which the LWC
can be obtained in an approximate form. To measure the disymmetry ratio
three simultaneous measurements must be taken at fixed given angles. The

instrument is not commercially available and is an advanced development item.
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It is the second in the series of optical detectors to be developed. After the
scatterometer is developed using a single detector this instrument using
three detectors with fixed angle relationship would be developed. Figure 5-22

is a block diagram of the assembly.

5.4.10 Drop Size Distribution Meter

The following is a description of an instrument with which the size distribution

of water droplets in a fog can be measured quickly and nondestructively in situ.

The particle size distribution is calculated from the characteristics of the
diffraction pattern at infinity of a coherent beam passed through a sample.
A laser source emits a continuous beam of coherent light, expanded by means
of a beam expander, across the sample. Just beyond the sample a lens is
positioned which allows observation of the diffraction pattern at infinity in its

focal plane.

The diffraction pattern depends only on the dimensions of particles inside the

chamber between the lenses where the sample is located. There are two
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Figure 5-22. Liquid Water Content Meter
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different patterns: the first one, very narrow, is due to the whole sample,
and another one, broader, is due to the particles. If all the particles have
the same size and shape (for example spherical), the second diffraction

pattern is the well-known airy figure composed of alternating bright and dark

rings around the central peak. Neglecting the central portion, the absolute
luminous intensity may be related to the number of particles, for total
diffracted light is proportional to the diffracting area. If the particles have
different sizes, the nulls in the diffraction pattern become filled in, and the
distribution becomes wider as particles are made smaller. Therefore, if
the particles are polydispersed, precise information on size distribution can-
not be obtained from a single observation, and photometric measurement has
to be done. A multiple detector which samples the diffraction in polar

coordinate form is convenient for imagery analyzers.

The precise diameter of small spherical particles can be determined by
computer analysis of the scattering patterns. These measurements can be
analyzed to determine the distribution of the parlicle sizes and their index

of refraction. A block schematic of the assembly is shown in Figure 5-23.
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Figure 65-23. Crop Size Distribution Meter




This assembly is also an advanced development item. The drop size distribu-
tion meter utilizes up to 64 stationary detectors of a type similar to those of the
scatterometer and liquid water content meter.

5.4.11 Optical Thermoelectric Dew Point Hygrometer

In this instrument a beam of light is reflected from a stainless steel mirror
surface into a photoresistor which forms one leg of an optical bridge circuit.
A second photoresistor is utilized to monitor the scattered light level from
this mirror surface and to provide for ambient temperature compensation.
When the mirror surface is iry the bridge is adjusted to an unbalanced con-
dition, and the output corresponding to this unbalance is amplified and used
to furnish direct current to the thermoelectric cooler. As the cooler pumps
heat from the mirror surface, reducing its temperature, condensation occurs
as the saturation temperature, or dew point, is reached. This condensation
is detected by the reduction in the direct reflected light level, forcing the
bridge toward the balance point, and thereby reducing the input signal to the
amplifier. In this manner, an automatic closed-loop proportioning servo
operation continuously maintains the mirror at an equilibrium temperature
at which the rate of evaporation exactly equals the rate of condensation on
the mirror. Independently, a platinum resistance thermometer embedded
under the mirror surface provides a direct measurement of the ternperature.
This optical dew point technique is a fundamental measurement hecause the
dew point temperature is the equilibrium saturation temperature correspond-

ing to the water vapor pariial pressure of the sample.

The overall range is from -65° C to +25° C with an accuracy of +0.25°C, This
technique is a primary measurement of the water vapor content of the gas.

A block schematic of the assembly is shown in Figure 5-24.

5.4. 12 Electric Dew Point Hygrometer

The electro-humidity sensor is an electric hygrometric circuit element which
senses changes in relative humidity by changes in impedance. Since the
humidity-sensitive portion of the sensor is restricted to the surface, water
is sorbed or desorbed by means of adsorption instead of absorption. This
results in a very rapid response to changes in relative humidity. The sensor
is unaffected by environmental conditions that are not detrimental to cross-
linked polystyrenc; this includes most gases. Dust settling on the sensor
surface will not affect performance except possibly to decrease the speed of
response slightly. The sensing probe is automatically temperature
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Figure 5-24. Optical Thermoelectric Dew Point Hygrometer

compensated for temperature changes from +5°C to +40° C. Outside the
compensated temperature range the instrument will read and hence may be
utilized by recalibration for any specific temperature from -70° C to +95° C,
The basic calibration accuracy is + 2. 5 percent RH for 0 percent to 100 per-
cent to 0 percent RH excursion. For a 50 percent RH the basic accuracy is

better than + 1.25 percent. A block schematic of the assembly is shown in

Figure 5-25.

5.5 EXPERIMENT CHAMBERS AND AEROSOL CONDITIONING SUBSYSTEM
There are five basic cloud chambers utilized in microphysics research which
are applicable to zero-gravity experiments. The continuous flow diffusion,
static diffusion liquid, and static diffusion ice chambers operate on a thermal
vapor diffusion principle to provide controlled supersaturated conditions.
These chambers require thermally controlled surfaces which are water or
ice covered. The expansion and general chambers require thermally con-
trolled surfaces. These chambers are used to define the relative humidity,

pressure, and temperature environment for the experiments. This includes
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all subsystems and assemblies associated with physical experiment volume
encompassing the following items:

A, Chamber wall assemblies including thermal control elements.

B. Equipment mounting ports, optical observation ports, and related
items for access to the experiment volume. These items provide
access for data acquisition and particle injection.

C. Electric/optic/acoustic environment control subassemblies.

D. Instrumentation and display subassembly sensors and displays which

are utilized for control and visual display.

In addition to the cloud chambers an earth simulation chamber will simulate
certain aspects of planetary and solar convection with its attendant differential
rotation. Also a nuclei conditioning chamber is utilized to store and condition

nuclei for the various experiments.



The chambers to be used in CPL experimentation are shown in Figure 5-26,
The pertinent geometric features, the significant operational features, the
use, and the primary requirements are also identified in this figure. The
requirements specified are compatible with the experiment class usage as

primary and alternate cloud chambers.

Table 5-11 is a summary of the primary and alternate chamber assignments

by experiment class.

This subsystem includes the following assemblies:
Static diffusion liquid chamber (SDL)
Static diffusion ice chamber (SDI)

General chamber (G)

Expansion chamber (E)
Continuous flow diffusion (CFD)

Earth simulation chamber

ommpoow >

.

Nuclei conditioning chamber

Weight, power, and volume are given by chamber on Table 5-12,

5.5.1 Static Diffusion Liquid (SDL) Chamber

Present configurations of this chamber are generally patterned after the 1963

design of Twomey. The thermal diffusion principle originated with Langsdorf
(1936) and modified by Wieland (1936). In this type of instrument two horizontal
wet surfaces are spaced 1.5 cm apart. The surface of the bottom plate is
maintained approximately 0° C to 10° C colder than the top plate in order to

produce the desired supersaturations.

Diffusion of heat and water vapor from the warmer toward the colder surface
produces linear temperature and vapor pressure gradients. Because t. e
saturation vapor pressure versus temperature curve is concave upward, the
actual water vapor pressure exceeds the saturation vapor pressure (because
of the linear gradients) between the two plates and continually produces a

supersaturation which is a maximum near the midpoint between the p'ates.
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Table 5-11

PRIMARY AND ALTERNATE CHAMBER SELECTION

Class No.

Class Title

Prirnary Alternate

et bt ot s bt e fs B G
WO NOCNELEWN—OLENT N WN -

NN
-0

Condensation Nucleation

Ice Nucleation

Ice Multiplication

Charype Separation

Ice Crystal Growth hiabits
Scavenging

Riminpg and Agpregation

Droplet-1ce Cloud Interactions
Homopeneous Nucleation
Collision-Induced Freezing
Saturation Vapor Pressure
Adiabatic Cloud Expansion

Ice Nucle: Memory

Terrestrial Expansion Chamber Evaluation
Condensation Nuclei Memory

Nuclei Multiplication

Drop Collision Breakup
Coalescence Efficiencies

Static Diffusion Chamber Evaluation
Unventilated Droplet Diffusion Coefficients
Earth Simulation

Chamber Chamber
CFD E
SDI1 F
SDI E
SDI G
SDI1 E
SDI G
SDI G
SDI E
SDI E
SDI G
SDI F
E -
E SDI
E -
E SDL
G E
G SDI
G sCl
SDL -
SDL E
ES -

Table 5-12

EXPERIMENT CHAMBERS AND AEROSOL CONDITIONING SUBSYSTEM

FEATURES BY CHAMBER

8-Hr

Power Power
Maximum Nominal Average
Weight Volyme Operating Operating Power

Chamber tkg) (m?) (watts) {watts) (watts)
Static Diffusion (Liquid) 6.51 0.0043 255 105 52.5
Static Diffusion (Ice) 4C.39 0.077 1,345 i85 71.5
General 41.48 0,093 1,135 345 75.5
Expansion 101.41 0,310 1,405 415 69
Continuous Flow
Diffusion 25.33  0.073 32§ 115 9.5
Earth-Simulation 24.56 0.064 255 85 65
Nuclei Conditioning 49 0.306 3135 95 58.5




One water droplet forms on each of those nuclei pre. 1t which are activated

at the low supersaturation, These droplets are illuminated by a well-defined
light beam which passes across the center of the spaice hetween the plates.
These droplets may be counted individually or the number may be indicated

by detecting the integrated light scattered by the cloud of droplets. Photo-
graphic recording of the individual droplets for subsequent counting is usually
used while a video camera, monitor, and recorder permit real-time observa-
tion of the peak concentration of droplets and permit, with stop action, co'nting
on the TV screen. Counting of droplet images has the advantage of being more
nearly independent of droplet size and growth rate. But if the light level is
marginal, there may be loss of detection of smaller droplets or lack of

discrimination between images and film imperfections.

The internal dimensions of the SDL chamber are given in Figure 5-27. Thermal
and relative humidity control on the input sample is only that required for
appropriate sample conditioning. The relative humidity and temperature

within the chamber are both controlled oy the wall thermal control. The
vertical and horizontal dimensions of the chamber working volume are

dictated by laws of physics apart from gravity factors along with the conditions
required by the phenomena to be studied. Required response times of about

1 second for condensation nucleation experiments dictate a depth of 1.5 em

and phot . ro hic requirements limits the diameter to 15 cm. A block

diagra'n <! .vi. sssembly is shown on Figure 5-28.,

Weight, power, and volume is given by assembly on Table 5-13,

5.5.1.1 Chamber Wall Subassembly

Four basic chambers (SDL, SDI, G, E) will have their respective thermally
cooled walls formed from utilized wall modules consisting of heat pipe cavity
wall surfaces, thermoelectric modules, insulation, heat exchanger/manifold,
and outer wall shell. The thermoelectric power and heat sink coolant fluid
will be supplied through appropriate separable connectors. The configuration
for the top and bottom: wall modules is shown in Figure 5-27,
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COOLANT

Figure 5-28. Static Diffusion Liquid Chamber

Table 5-13
STATIC DIFFUSION LIQUID CHAMBER FEATURES BY ASSEMBLY

Power Power 8-Hr
Maximum Nominal % Usage Average
Weight Volume Operating Operating Experiment Power

Assemblies (kg) (m3) (watts) (watts) Time (watts)
Chamber

Subaesembly 4.61 0,003 -

Thermal

Controllers 0.91 0.0003 250 100 50 50
Instrumentation

and Display 1.0 0.001 5.0 5.0 50 - 2.5
Totals 6.52 0.0043 255 105 52.5

6-54



5.5.1.2 Optical Ports

The orientation and function of the three optical ports are indicated in
Figure 5-27. The inside and outside surfaces of these ports will be of

high nptical grade material to permit undistorted visual observation and
photographic recording of the central chamber volume. Visible wavelengths
will be used. The inner port surface will require antifogging, either by
apecial coating or by controlled heating of the surface. The port unit is
evacuated to minimize the thermal transport into the chamber. Anti-
reflective coatings will also be required to maximize transmission and

minimize scattering.

5.5.1.3 Equipment Mounting Ports

Universal mounting brackets which permit quick equipment removal and inter-

change will be required on each optical port. One mount is for the light source
which provides illumination of the droplets within the chamber. At 90 degrees

to the light port will be a combination camera/visual port. The third port will
have provisions for mounting a vidicon. This latter port will also be utilized

for direct visual observations.

5.5.1.4 Water Wicking Surfaces

The top and bottom walls will be covered with a fine-muesh screen material

or equivalent capillary material to provide two moist surfaces. These wet
surfaces provide the water source for controlling the chamber relative humidity.
The fluid surfaces are less than 0.3 mm thick and are in intimate contact with
the heat pipe wall surfaces. Water is supplied to one part of each surface and
the capillary action of the surface insures uniform and tota’ coverage of this

surface.

5.5.1.5 Light Trap

The light trap absorbs the chamber illumination light after this light has
passed through the chamber. The photography requires dark-field illumina-
tion with minimal background scattered light. A very effective configuration
for a light trap is shown in Figure 5-27. The shape is similar to a horn of
plenty with an apprupriate internal absorbing surface. Air cooling require-
ments will be a function of the absorbed optical pcwer. An optical port may
also be needed to satisfy thermal requirements.

556
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5.5.1.6 Thermal Controllers

Closed-loop thermal control will be used to provide the necessary temperature
control of the top and bottom plates. The thermoelectric modules require dc
power with less than 2 percent ac ripple component. Thermistor sensors
imbedded in the plate surfaces provide the feadback signal to the controllers.
The top plate is controlled at a set temperature while the lower plate is slaved

to the top plate with a set temperature difference. Control range is 0°C to 35° C.

5.5.1.7 Instrumentation and Display Subassembly
Pressure and temperature transducers will be used within the chamber to
nionitor system status and performance. Appropriate readout locations are

shown on Figure 5-28,

5.5.2 Static Diffusion Ice Chamber Assembly

The principles of physics governing the operation of this chamber are the same
as described for the atatic diffusion liquid chamber. This chamber is operated
below freezing using ice surfaces rather than water surfaces. The growth of
ice crystals to millimeter dimensions requires times extending to tens of
minutes thus permitting a larger geometric configuration for this chamber.
Thermal considerations influence the diameter-to-height ratio thus dictating
the internal dimensions shown in Figure 5-29. The experiments associated
witn this chamber also require the attachment of a number of auxiliary devices
for which conrections and ports are provided. A block diagram of the

associated items for this assembly are shown in Figure 5-30,
Weight, power, and volume is given by assembly on Table 5-14,

5.5.2.1 Chamber Wall Subassembly

All of the walls of the SDI chamber are formed from the same modular units
as used by the SDL chamber. The larger surface area requires an increase
in the number of thermoelectric module elen.ents. Figure 5-~29 illustrates
the heat pipe/thermoelectric/insulation and heat exchanger/manifold con-

figuration and these units are described in the SDL chamber discussion.
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5.5.2.2 Optical Ports

The port configuration is given in Figure 5-29. Three of the optical ports
function similarly as in Subsection 5.5.1.2. The universal mounting
associated with each port permits the attachment of auxiliary optical equip-
ment as required by a given experiment. The light source will illuminate
the central portion of the chamber through one of the ports. At 45 degrees
from the illumination port, image detection by camera and visually will be
made where the camera provides hard copy for future analysis and simultan-
eous visual observations permit real time experiment critiquing, A third
port 90 degrees from the light source provides for additional illumination
when required but will also permit the use of TV camera and display to
provide quick, nonfatigue monitoring of the experiment nrogress. In addition,
certain experiments will require that this port have a special 10-pum infrared

transmitting material to permit the observation and recording of ice crystal

surface temperature profile.

Optical heating will also require special broadband infrared transmission.
The heating will be provided by an appropriately focused and controlled

infrared source.

5.5.2.3 Equipment Mounti..g Ports

A universal, quick-disconnect mounting will be required at the four optical
ports in addition to those required for the nonoptical equipment. The port
configuration is shown in Figure 5-29. Three acoustic source/detection
pairs (six places) are required for motion control in addition to the two
required for the light traps. Two more mounting ports are required for
droplet/ice and droplet injection generators with a third for direct aerosol

injection into the ice chamber.

5.5.2.4 Water Wicking Surfaces

These surfaces are illustrated in Figure 5-29, Water is supplied as in the
SDI while the SDI chamber is above freezing. Once the surfaces have been
appropriately covered, the water surfaces are frozen as needed for the
suceeding experiments. Replenishment of the ice surface will be done at the

start of each 8- to 10-hour experiment period.



5.5.2.5 Electric Field Subassembly
This subassembly will provide a uniform electric field in which ice crystals
can be grown and within which dynamic studies between combinations of

droplets and ice will be made in relation to cloud electrification processes.

5.5.2.6 Optical Conditioning Subassembly
This subassembly as used in this chamber provides remote heating of droplet
or ice crystals within the chamber. This heating is accomplished by focusing

infrared (IR) energy onto the appropriate object.

5.5.2.7 Acoustical Subassembly

This subassembly provides motion and orientation control of droplets/ice
crystals within the chamber. Appropriate sensor feedback is provided so that
the field energy is negligible until the constrained object moves beyond
prescribed boundaries. Some of the experiments require exact orientation
control of an ice crystal. In these cases, the acoustic field will be required
on a more continuous basis but at a level which is four or five decades below
the equivalent field that would be required in a terrestrial laboratory for the
same objective. These low levels of acoustic field will not appreciably affect
those particular experiments for which the field will be required. Three axis

controls will be required. Physical configuration is illustrated in Figure 5-29.

5.5.2.8 Scatterometer Interface Equipment

The scatterometer detector requires sensing from several angles within the
chamber and the liquid water content meter requires optical intensity detection
from two simultaneous angles, This interface equipment includes the sensor
mountings, scan path guide rail, and stepping motor position control with

optical angle encoder readout.

5.5.2.9 Light Trap

The light trap absorbs the chamber illumination light after this light has
passed through the chamb.r. The photography requires dark field illumina-
tion with minimal background scattered light. A very effective configuration
for a light trap is shown in Figure 5-29. The shape is similar to a horn of
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plenty with an appropriate internal absorbing surface. Air-cooling
requirements will be a function of the absorbed optical power. An optical

port may also be needzd to satisfy thermal requirements.

5.5.2.10 Thermal Controllers

Closed-loop thermal control will be used to provide the necrssary temperature
control of the top and bottom plates. The thermoelectric modules require dc
power with less than 2 percewnt ac ripple component, Thermistor sensors
embedded in the plate surfaces provide the feedback signal to the controllers.
The top plate is controlled at a set temperature while the lower plate is

slaved to the top plate with a set temperature difference. Control range is

-35°C to +35°C, with limited operation time below -32°C,

5.5.2.11 Instrumentation and Display Subassembly
Pressure and temperature transducers will be used within the chamber to
monitor system status and performance. Appropriate readout locations are

shown on Figure 5-30,

5.5.3 General Chamber

The general chamber provides homogeneous temperature, relative humidity,

and pressure-controlled environment for the performance of experiments
which involve dynamic interactions between various combinations of ice
crystals and droplets. The geometry is optimized for the production, control,
and observation of the desired interaction. lnitial relative humidity and
pressure controls are provided by external means while all of the chamber
w"ila are thermally controlled i.. the same way as for the SDI and SDL top

<nd bottom walls. The internal volume specifications are given in Figure 5-31
along with other related details. Figure 5-32 is a block diagram relating the

various subassemblies associated with the general chamber,
Weight, power, and volume is given by assembly on Table 5-15.

5.5.3.1 Chamber Wall Subassembly
All of the walls of the general chamber will have the same modular construc-
tion as the top and bottom walls of the SDL and SDI chambers. Allowances

are made for the various optical ports and equipment mounting ports. The
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major difference is that the general chamber will require thermcelectric

cooling on all side surfaces in addition to the top and bottom walls.

5.5.3.2 Optical Ports

The port configuration is given in Figure 5-31. The universal mounting
associated with each port permits the attachment of auxiliary optical equip-
ment as required by a given experiment. The light source will illuminate the
central portion of the chamber through one of the ports. At 45 degrees from
the illumination port, image detection by camera and visual will be made
where the camera provides hard copy for future analysis and simultaneous
visual observations permit real time experiment critiquing. A third port

90 degrees from the light source provides for additional illumination when
required but will #'<0 permit the use of TV camera and display to provide
gquick, nonfatigue monitoring of the experiment progres.. In addition, certain
experiments will require that this port have a special 10-um infrared trans-
mitting material to permit the observation and recording of ice crystal surface

temperature profile.

Optical heating will also require special broadband infrared transmission.
The heating will be provided by an appropriately focised ar«d controlled

infrared source.

5.5.3.3 Equipment Mounting Ports

A number of quick-disconnect type of equipment mountings are required. In
addition to a mounting at the four observation ports, th:re are required ourts
and mountings for (1) three ~coustic source/detector pais (six ports) for
motion coatrol, (2) two diagonally o .posite droplet injecti~. ports, (3) ralative

hutnidity measurement port, and {4) iwo light trap ports.

5.5.3.4 Electric Field Subassembly
This subassembly will provide a uniform electric field in whic* ice crystals
can be grown and within which dynamic studies between combinations of drop-

lets and ice will be made in relation to cloud electrification processes.



5.5.3.5 Optical Conditioning Subassembly

This subassembly as used in this chamber provides remote heating of droplet
or ice crystais within the chamber. This heating is accomplished by focusing
IR energy onto the appropriate object. The additional requirement of optical

positioning requires a highly configured light beam of a non-water-absorbing

wavelength, The wavelength selection will be accomplished by use of an

optical filter or alternate light source.

5.5.3.6 Acoustical Subassembly

This subassembly provides motion and orientation control of droplets/ice
crystals within ihe chamber. Appropriate sensor feedback is provided so
that the field energy is negligible until the constrained object moves beyond
prescribed boundaries. Some of the experiments require exact orientation
control of an ice crystal. In these cases, the acoustic field will be required
on a more continuous basis but at a level which is four or five decades below
the equivalent field that would be required in a terrestrial latoratory for the
same objective. These low levels of acoustic field will not appreciably affec:
those particular experiments for which the field wiil be required. Three
axis controls will be required. Physical configuration is illustrated in

Figure 5-31.

5.5.3.7 Scatterometer Interface Equipment

The scatterometer detector requires sensing from several angles within the
chamber and the liquid water content meter requires optical intensity detection
from two simultaneous angles. This interface equipment includes the sensor
mountings, scan path guide rail, and stepping motor position control with

optical angle encoder readout.

5.5.3.8 Light Trap

The light trap absorbs the chamber illumination light after this light has
passed through the chamber. The photography requires dark field illumin-
ation with minimal background scattered light, The shape is similar to a
horn of plenty with an appropriate internal absorbing surface. Air-cooling
requirements will be a function of the absorbed optical power. An optical

port may also be needed to satisfy thermal requirements.
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5.5.3.9 Thermal Controllers

Closed-loop thermal control will be used to provide the necessary temperature
control of the top and bottom plates. The thermoelectric modules require dc
power with less than 2 percent ac ripple component. Thermistor sensors
embedded in the plate surfaces provide the feedback signal to the controllers.
The top plate is controiled at a set temperature while the lower plate is

slaved to the top plate with a set temperature difference. Control range is
-10°C to +35°C.

5.5.3.10 Instrumentation and Display Subassembly
Pressure and temperature transducers will be used within the chamber to
monitor system status and performance. Appropriate readout locations are

shown on Figure 5-32,

5.5.4 Expansion Chamber Assembly

The expansion chamber provides cooling and supersaturation control by con-
trolled adiabatic expansion. The walls c:e cooled in synchronization with the
expansion cooling of the gas, thus providing for long-term, natural-cloud,
adiabatic simulation. The advantages of the expansion chamber include
uniform humidity, temperature, and pressure throughout the chamber as
would exist in the natural earth atmosphere. The low-gravity environment
will permit cloud expansion/contraction cycles extending into tens of minutes
for the study of nucleation and growth of a cloud of droplets and/or ice
crystals. The internal volume of the chamber is given in Figure 5-33 while
a block diagram of the chamber associated equipment is given in Figure 5-34,
The equipment requirements for the expansion chamber are very similar to
the requirements of the SDI, the major addition being the expansion controller
subassembly requirements for the expansion chamber. A significant
dimensional change also exists and is permitted because the expansion
chamher does not have the geometric restriction imposed by water diffusion

between two walls as in the SDI chamber.

Weight, power, and volume is given by assembly on Table 5-16.
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5.5.4.1 Chamber Wall Subassembly
All six walls are constructed of modular units as the SDI top and bottom, but

without the wicking surface.

5.5.4.2 Optical Ports

The orientation and function of the optical ports are indicated in Figure 5-33.
The inside and outside surfaces of these ports will be of high optical grade
material to permit undistorted visual observation and piotographic recording
of the central chamber volume. Visible wavelengths will be used. The inner
port surface will require anti‘ogging, either by special coating or by con-
trolled heating of the surface. The port unit is evacuated to minimize the
thermal transport into the chambier. Antireflective coatings will also be

required to maximize transmission and minimize scattering.

5.5.4.3 Equipment Mounting Ports

The general specifications are similar to those given for the SDI chamber.
Mounts are required for the optical ports for (1) light source/image detection,
(2) image detection, (3) light source, and (4) optical heating. Other equip-
ment mounting ports are required (1) acoustic source/detection (six ports),
(2) light traps (two), and (3) droplet injection., All mounts are to be of a

universal quick-disconnect type as specified for the other chambers.

5.5.4.4 Electric Field Subassembly
This subassembly will provide an electric field within which interactions
between combinations of droplets and ice crystals can be studied. The

specifications are similar to those given in the SDI chamber.

5.5.4.5 Optical Conditioning Subassembly

This subassembly as used in this chamber provides remote heating of droplet
or ice crystals within the chamber. This heating is8 accomplished by focusing
IR energy onto the appropriate objects. The basic specifications are similar

to those given in the SDI chamber.

5.5.4. 6 Acoustical Subassembly
This subassembly provides motion and orientation control of dropleta/ice
crystals within the chamber. Appropriate sensor feedback is provided so that
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the field energy is negligible until the constrained object moves beyond
prescribed boundaries. Some of the experiments require exact orientation
cont -ol of an ice crystal. In these cases, the acoustic field will be required
on a more continuous basis but at a level which is four or five decades below
the equivalent field that would be required in a terrestrial laboratory for the
same objective., These low levels of acoustic field will not appreciably affect
those particular experiments for which the field will be required. Three axis

controls will be required. Physical configuration is illustrated in Figure 5-33,

5.5.4.7 Expansion Controller Subassembly

The expansion chamber requires a five to one expansion ratio to simulate
natural atmospheric processes. This expansion capability is provided by a
separate chamber/bellows unit classified as the expansion controller sub-
assembly, Pos tive displacement drive for the expansion assembly provides

controlled expansion/compression at controlled rates and for multiple cycles.

The bellows/chamber subassembly is similar to the nuclei conditioning
chamber shown in Figure 5-33 with the total length adjusted to give the
desired expansion volume. The general description of this bellows/chamber
is found under the humidification genieration and control. All three units

(1) expansion controller subsystem, (2) humidification generation, and

(3) nuclei conditioning chamber have the same diameter and positioning

mechanism. The length is adjusted to satisfy the total volume requirements.

5.5.4.8 Light Trap

The light trap absorbs the chamber illumination light after thir light has
passed through the chamber. The photography requires dark field illumination
with minimal background scattered light. The shape is similar to a horn of
plenty with an appropriate internal absorbing surface. Air-cooling require-
ments will be a function of the absorbed optical power. An optical port may

also be neecled to satisfy thermal requirements.

5.5.4.9 Scatterometer Interface Equipment

The scan path for this detector is given in Figure 5-33, The scatterometer
detector requires sensing from several angles within the chamber, and the
liquid water content meter requires optical intensity detection from two
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simultaneous angles. This interface equipment includes the sensor mountings,
scan path guide rail, and stepping motor position control with optical angle

encoder readout.

5.5.4.10 Thermal Controllers

Closed-loop thermal control will be used to provide the necessary temperature
control of the top and bottom plates. The thermoelectric modules require dc
power with less than 2 percent ac ripple component. Thermistor sensors
embedded in the plate surfaces provide the feedback signal to the controllers.
The top plate is controlled at a set temperature while the lower plate is

slaved to the top plate with a set temperature difference. Control range is

-35°C to +35°C with limited operation time below -32°C,

5.5.4.11 Instrumentation and Display Subassembly
Pressure and temperature transducers will be used to monitor the conditions
within the chamber to indicate system status and performance. Figure 5-34

indicates appropriate readout locations,

5.5.5 Continuous Flow Diffusion Chamber Assembly

This chamber functions similarly to the SDL chamber in that the relative
humidity within the active part of the chamber is controll:d by moist, ther-
mally controlled surfaces. The major advancement is that the continuous flow
diffusion (CFD) chamber as the name implies, operates on a cont’nunus basis.
The sample is processed continuously through the chamber thus avoiding the
perturbations generated by the start and stop process associated with the use
of the SDL chamber. Information throughput rate is one or two decades

faster with higher precision maintained over the full activated nuclei density
range of 0 to 1, 000/cm3. This chamber also has been specified as a measure-
ment instrument for nuclei characterization to be used in parallel with other
chambers such as the expansion chamber. This latter procedure will provide
much greater validity to the collected data,

Weight, power, and volume is given by assembly on Table 5-17.
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5.5.5.1 Chamber Plate Subassembly

The two moist, thermally controlled plates of this chamber have similar
thermal requirements as for the SDL plates. Figure 5-35 illustratec the
present plate and chamber configuration. The major difference from the
other chambers is that a heat pipe extension has been added to the plate so

that the thermal energy can be rejected in a more convenient location,

5.5.5,2 Optical Ports

The orientation and function of the three ojtical ports are indicated in

Figure 5-35. The inside and outside surfazes of these ports will be of high
optical grade material to permit undistorted visual observation and photo-
graphic recording of the central chamber volume. Visible wavelengths will
be used. The inner port surface will require antifogging, either by special
coating or by controlled heating of the surface. The port unit is evacuated to
minimize the thermal transport into the chamber. Antireflective coatings

will also be required to maximize transmission and minimize scattering.

5.5.5.3 Optical Ports

Figure 5-35 illustrates the simple observation port which provides visual
access to the active area between the two thermally controlled plates during
operation. The inside and outside surfaces of these ports will be of high
optical grade material to permit undistorted visual observation and photo-
graphic recording of the central chamber volume. Visible wavelengtns will
be used. The inner port surface will require antifogging, either by special
coatigg or by controlled heating of the surface. The port unit is evacuated to
minimize the thermal transport into the chamber. Antireflective coatings

will also be required to maximize transmission and minimize scattering.

5.5.5.4 Water Wicking Surfaces

The top and bottorn walls will be covered with a fine-mesh screen material
or equivalent capillary material to provide two moist surfaces. These wet
surfaces provide the water source for controlling the chamber relative
humidity. The fluid surfaces are less than 0.3 mm thick and are in
intimate contact with the heat pipe wall surfaces. Water is supplied to one

part of each surface and the capillary action of the surface ensures uniform
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and total coverage of this surface. This chamber will require a continuous

water input and output to the water wicking surface.

5.5.5.5 Chamber Wall Subassembly

The chamber wall will be similar to the side walls of the SDL and SDI walls,
Insulation is required for the temperature operating range of 0°C to +35*C.
The inner surface of this wall must be of controlled thermal conductivity to
provide a linear thermal gradient down the wall between the plates to match

the air thermal gradient of the adjacent active region.

5.5.5.6 Carrier Air Subassembly

The carrier air dewpoint is to be at least 20°C below the operating temperature
of chamber to avoid supersaturation trarsients. This subassembly provides
clean, controlled-flow air to the chamber. This air flow is so arranged as to
confine the aerosol sample to a specific 3-mm region half way between the
two plate surfaces. Thus the nuclei are activated in a + riform and well-
defined environment. Figure 5-36 indicates the carrier air input. The flow
for the carrier air through the chamber 1s variable between 0 and 50 cm3/8ec.
Control to | percent or better is required. The remaining portion of the

50 cm3/sec which does not pass through the chamber is diverted and injected
just past the optical detector. Thus the carrier total flow remains a constant

and ensures uniform operation of the detector recirculating pump.,

5.5.5.7 Sheath Air Subassembly

This air is thermally controlled and used to ensure sample integrity while
the sample is transferred from the CFD chamber to the optical particle
counter. The recycling of this air also ensures that the relative humidity of
the sheath air is close to the sample and carrier air thus minimizing and
sample change due to evaporation. Figure 5-36 indicates the sheath air flow

path and conditioning.

5.5.5.8 Thermal Controllers

The thermal control range is 0°C to 35°C, Three units are required. The

top plate is controlled at a given set pcint. The bottom plate is slave controlled
at a temperature difference below the top plate temperature, while the sheath

air temperature is slave controlled to the top plate temperature.
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5.5.5.9 Instrumentation and Display Subassembly
Pressure temperature transducers are used to monitor the chamber status

and performance. Figure 5-36 indicates the appropriate readout locations.

5.5.6 Earth Simulation Chamber Assembly

The assembly will simulate certain aspects of planetary and solar convection
with its attendant differential rotation. The experiment will consist of a
differentially heated rotating spherical annulus of fluid which possesses, in
effect, a radial gravity field. The radial gravity field can be modeled with
radial electric fields. The experiment, in its simplest form, is designed to
incorporate the major constraints of radial gravity, rotation, and spherical
geometry present in the thermal convection zon2s of the sun, the earth's
core, and the atmospheres of Jupiter and Saturn. The first two of these are
thought to be characterized by isotropic heating., That is, the heat flux
through the fluid is roughly independent of latitude and longitude. In the
laboratory this corresponds to thermal driving which is uniform on spherical
bounding surfaces. With minor changes, heating with an equato: to pole
differential similar to that driving the earth's atmosphere and the oceanic

thermohaline circulations can be imposed.

Configuration details are given in Figure 5-37 with a block diagram of

related elements shown in Figure 5-38,

Weight, power, and volume is given by assembly on Table 5-18.

5.5.6.1 Earth Simulation

This spherical model simulates general planetary atmospheric motion under
simulated radial gravity gradients including rotation and thermal heating.
Certain aspects of ocean circulations can also be approached. The model is
de{ined as two concentric spheres separated by a layer of high dielectric
fluid, An electric field applied between the two spheres provides the simu-
lated gravity conditions while differential heating provides the thermal

device. These variables are combined with various rates of rotation.
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The outer sphere is transparent in the visible region with an electrically
conductive inner surface., Only the upper hemisphere will be used for visual
purposes, therefore permitting the lower hemisphere to be constructed of
metal rather than of a transparent material. The optical properties of the
upper hemisphere must be of sufficient uniformity to permit direct photo-
graphy of the underlying colloidal suspension. The inner sphere is
electrically and thermally conductive. An electrical heater, high-voltage
connection, and temperature sensor are attached to the inner cavity of the

sphere.

The dielectric fluid contains suspended particles which provide a visual tag
for the fluid circulation., These particles must be of several micrometers in
size for photographic data, while the laser anemometer instrument could
operate with submicrometer particles. A dielectric strength is required to
permit upwards of 20 kv/cm electric field application with the appropriate

tagging materials suspended.

5.5. 6.2 High-Voltage Subassembly
A high-voltage ac electric field is applied between the inner and outer spheres

across the dielectric fluid. This electric tield provides the radial gravity

simulation.

5.5.6.3 Optical Components Mounting Subassembly
The camera and associated equipment will be mounted in a variable position to

view various angles as indicated in Figure 5-37. The angular position will be

a manual adjustment.

5.7.6.4 Thermal Controllers
This unit will control the temperature of the inner and outer sphere for a

temperature difference of 10°C at a heat load of about 10 watts.

5.5.6.5 Instrumentation and Display Subassembly
Tranaducers will provide temperatures and voltages for controlling and

monitoring the model performance.



5.5.7 Nuclei Conditioning Assembly

This assembly is utilized to store and condition nuclei for various experiments.
The volume will provide an aerosol sample for approximately three operational
hours under most experimental conditions. The aerosol conditioning includes
coagi'ation and diffusion battery preconditioning which shape the initial nuclei
size distribution. Within the chamber, turbulent aerosol interaction is pro-
vided by the acoustical subassembly. The UV light source permits photo-
chemical processes io take place while the fan provides homogeneous mixing

of nuclei sample and air for dilution purposes. The configuration information
is provided in Figure 5-39 while a block diagram of the related subassemblies

is given in Figure 5-40.
Weight, power, and volume is given by assembly on Table 5-19,
5.5.7.1 Chamber Subassembly

The nuclei conditioning chamber provides several conditioning elements

in addition to providing a storage and/or aging area for the aerosol. Positive

CR76
ACOUSTIC
SOURCE
uv MIXING
OUTSIDE SOURCE FAN
/ T T T\
HEATING ELEMENT _q
acousric [} ‘D‘: f”‘
DETECTOR 7
INSIDE -
THERMAL
DETECTOR
INSULATION y, :
POSITIONING
ALLWALLS BELLOWS MECHANISM
COMPONENT CONFIGURATION ;
Figure 8-39. Nuclei Conditioning Chamber | :
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displacement is utilized to meter the aerosol to other appropriate assemblies.
The chamber configuration is similar to the chamber used for humidification,
The bellows and diameter are kept the same with an adjustment in total length
to satisfy the aerosol storage volume as indicated in Figure 5-39. A heater
is provided to maintain a constant and controllable elevated temperature
above the working environment. Temperature range from ambient to 35°C,
Insulation is provided to ensure the required isothermal conditions for the
chamber. The chamber temperature uniformity must be better than 0. 1°C.

A light source provides optical energy for photochemical processes for smog
formation studies. The duration and intensity of the exposure will be con-

trolled. A fan assures homogeneous mixing of the initial aerosol.

5.5.7.2 Acoustical Subassembly

This subassembly provides a controlled turbulent environment to satisfy the
aging and aerosol interaction requirements of some of the experiments. This
procedure provides a very controlled amount of interaction which is not

possible in a terrestrial laboratory because of the uncontrolled gravity-

uciven convection.

5.5.7.3 Nuclei Preconditioner Subassembly

Some of the aerosol sources provide nuclei sizes which must be modified to
satisfy experiment requirements. A coagulation tube is provided. This is

a small-diameter tube which provides time for the coagulation of the smaller
nuclei to form larger nuclei before dilution and storage are initiated. The
tube length, diameter, and flow rate delermine the degree of coagulation for
given aerosol specifications. Also included is a diffusion battery. This

unit is an arrangement of very small passages which enhance the diffusion

of smaller nuclei to surfaces, The result is a nar:rower nuclei distribution

by elimination of the smaller nuclei. Nuclepore filters with pore size between

0.5 and 10 um are used for this purpose. Flow rate and pore size determine
the resulting changes in nuclei size distribution., The finite absolute pore

size also places an upper limit to the nuclei size,

5.5.7.4 Valves
Valves of the ball or gate type are required to manipulate the aerosol
through the preconditioning subassembly and out of the nuclei conditioning




storage chamber. Small restrictions and pressure drop units are not

permitted in the aerosol manipulation lines.

5.5.7.5 Thermal Controller
The nuclei conditioning chamber will be thermally controlled between ambient
(+20°C) and +35°C. The controllers are the same as specified for the other

chambers. Thermal uniformity to better than 0.1°C is required.

5.5.7.6 Instrumentation and Display Subassembly
Pressure, temperature, and relative humidity transducers will be used to
monitor these variables within the chamber to indicate status and perform-

ance. Figure 5-40 indicates appropriate readout locations.

5.6 CONSOLE

Analysis of the CPL experimrent defines volume and work station requirements
that cannot be met by the standard ERNO cabinets. Investigation indicated
that the ERNO cabinets can be modified and maintain their integrity to perform
the interface and integration function. At this time the cost factors involved
indicate a saving by performing the modifications as opposed to the design,
development, fabrication, and integration of totally new cabinets. (The
utilization of a 2.7-m experiment segment for the cloud physics experiment
has been an assumed requirement.) The ERNO cabinets placed in a 2.7-m
experiment segment would be comprised of one 0.572-m and two 1.060-m
cabinets. The ERNO cabinet configuration does not meet the CPL experi-
ment volume and work space/work station requirements. The most feasible
utilization of ERNO cabinets in a 2. 7-m segment requires modification of

a 1.070-m cabinet to 1. 55m and placement of a 0.572-m cabinet on either

side of the stretched center cabinet.

Figure 5-4]1 is a composite illustration of the three modified cabinets as a
final assembly of one console and summarizes the total cabinet volume
available for the CPL experiment equipment. This configuration performs
well for the purposes of CP., experiment as it provides a central work space
with control/display and equipment storage on the right and left side of the
work station, Other configurations were investigated and found not adequate
in one or more areas as work station access, volume needs, cost, complexity,
interface with supporting elements, and maintainability.
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Figure 5-41. Totai Cloud Physics Console/Cabinet Configuration

This subsystem consists of the following assemblies:
A. Console support structure and subagssemblies
B. Power control and distribution
C. Console panels and drawer subassemblies
D. Instrumentation and displays

Weight, power, and volume is given by assembly on Table 5-20.

5.6.1 Console Support Structure and Subassembly

The basic cabinet arrangement was the subject of design and layout analysis
that progressed to the model stage for verification of concept. All aspects of
equipment placement, ground access, buildup, checkout, on-orbit maintenance,
human experimenter visual and reach requirements, control/display access,
and arrangement were considered. The final design satisfies the CPL
experiment requirements and provides the 5th through 95th percentile male
operator required each and visual access to the experiment work area and

primary control and display functions. The center work station console has
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Table 5-20

CONSOLE SUBSYSTEM
FEATURES BY ASSEMBLY

% Usage of Maximum 8-Hr
Weight Volume Experiment Operating Average

Assemblies (kg) (m3) Time Power Power
Console Support 148 3. 54 - - -
Structure
Power Control and 24,68 0.0133 - - -
Distribution
Overhead Storage %56 0. 83 - . -
Instrumentation/Displays 5.5 - - - -
Totalh by Experiment 1.78.18 3,64 - - -
Classes

*Note: Overhead storage is not required.

an increased working depth and a work surface sloped at a 15-degree angle.
The 15-degree angle will best accommodate the zero-g anthropometric work
position achieved by an experimenter in a space environment, Suitable
hand-holds and camera mounts will allow positioning of the observer or

camera so that the chamber and the display area can be viewed conveniently,

Structural modifications are required to both sides of each of the three ERNO
cabinets. Additional modification is required of the center work station
cabinet to extend the width to 1.55m from the original 1. 060-m width.

Figure 5-42 indicates the structure of the ERNO cabinets after modification
work has been performed. The structural members modified or added are
s'iown in heavy line. The members deleted are shown in dashed line.

5.6.2 Power Control and Distribution
A universal type power distribution network is required (or the CPL experi-

ment to achieve a high degree of flexibility for performing various types of
experiment and recording of data. A universal network consists of all the
circuits required to transmit the various types of power and to provide each
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Figure 5-42. Structure Modification — 1.55-M and 0.572-M Cabinets

circuit with multiple receptacles for connection of experiment equipment and
support/instrumentation packages. The electrical power conditiruing and
distribution subsystem (EPCDS) receives its primary power from the
Shuttle Orbiter via the Spacelab. The baseline power is:

A. Unregulated 28 vdc

B. 115/200 vac, 3 phase, 400 Hz

Utilizing the baseline power from the Spacelab and providing the necessary
conditioning, the following circuits were defined for the CPL experiment:
A, 28 vdc regulated
B. 110/200 vac, 3 phase, 400 Hz
C. 110 vac, | phase, 400 Hz
D. 110 vac, | phase, 60 Hz

Figure 5-43 shows the envisioned power control and distribution network. The
nominal power rating of each main circuit is 800W and the current-carrying
capacity was sized for a peak rating of 150 percent. The current-carrying
rating was based on specificution Ml1L.-W-5088.

a2



CR78

/ WIRE HARNESS

AN\ E

b-POWER
DISTRIBUTION
S ——
“OWER ;
STRIBUTION/
FRN
e 1,24 M

LENGTH ..r WIRE HARNESS FROM POWER DISTRIBUTION
BOX TO RECEPTACLE ™~ 10M

Figure 543. Power Distribution

5.6.2.1 28-VDC Regulated Circuit

The 28-vdc circuit is shown in Figure 5-44 and consists of the converter, a
400W and 600W line, circuit breakers, and receptacles. The converter is

1, 100W which is 25 percent greater than the nominal load of 800W and is an
add-on unit. The wire size, amperage, and voltage are shown in the figure.
The 400-W line is a general-purpose line and terminates with four female
receptacles. The 600-W line is semi-dedicated to supply power to the onboard
thermoelectric cooler which may require up to 600W of power. However the
line may also be used to supply pcwer for other functions via the two recep-
tacles when the thermoelectric cooler is not at full-power demand.

5.6.2.2 110 VAC, 3 Phase, 400 Hz and 100 VAC, |1 Phase, 400 Hz Circuits and
the 110 vac, 3 phase, 400 Hz circuit connects directly to the Spacelab power
distribution system. The 110 vac, 3 phase circuit is shown in Figure 5-45

and is a 4-wire system. The circuit consists of the wire harness, circuit
breakers, and four female receptacles. The wire size, voltage, and amperage
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Figure 5-45. 110 VAC 3 Phase 400 Hz and 110 VAC 1 Phase 400 Hz Circuits

5-94

i
e e ot B 1 R Ty
O AL G IR A M0 R AT - e ee s e

¢ ww



are shown in the figure. One line of three-phase power line is tapped to
supply up to 800W of single-phase power. Based on this requirement, the

3-phase power line size was then calculated to be number 14 wire,

The 110 vac, 1 phase, 400 Hz circuit is shown in Figure 5-45 and consists of
the wire harness, circuit breaker, and four female receptacles. The line

size, amperage, and voltage are also shown.

5.6.2.3 110 VAC, 1 Phase, 60 Hz Circuit

The 110 vac, 1 phase, 60 Hz circuit is shown in Figure 5-46 and consists of
the dc/ac inverter, wire harness circuit breaker, and four female receptacles,
The wire size, amperage, and voltage are shown in the figure. The inverter
is rated at 1, 100W which is 25 percent greater than the nominal load of

800W and is an add-on unit,

5.6.2.4 Circuit Breakers, Receptacles, and Meters
The circuit breakers used in the circuits are single-pole thermal types and

n eet the requirements of MIL-C-58090. The breakers are designed to carry
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Figure 5-48. 110 VAC 1 Phase 80 Mz Circuit
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115 percent of rated load indefinitely with ultimate trip at 138 percent of

rated load. The trip time at 200 percent of load is approximately 25 seconds.
The receptacles investigated are of the Amphenol type, meeting the military
MS specification. The meters consists of voltmeters, wattmeters, and

ammeters consistent with typical aerospace/aircraft standards.

5.6.3 Console Panels and Drawer Subassembly

Figure 5-47 defines the volume that the equipment racks of the 0.572-m
cabinet are capable of containing. The volume is broken down into small
segments to accommodate the placement of equipment packages, instru-
mentation, and storage volumes. Table 5-21 identifies the dimensions of
the individual volumes shown in Figure 5-47. Figure 5-48 defines the volume
of the equipment racks, storage racks, and free work volume of the 1.55-m
cabinet. Table 5-22 identifies the dimensions of the individual volumes
shown in Figure 5-48,
Table 5-21
VOLUME/EQUIPMENT RACK (0.572m) CABINET -
EXPERIMENT SEGMENT

Multiply Face
Volume by form Width Length Depth 3
No. factor (in.) (in.) (in.) m3 ft
1 17 15 18 0.075 2,65
2 17 20 24 0.132 4.73
3 17 20 18 0.10 3,55
4 17 31 24 0.207 7.356
5 17 30 19 0.159 5. 60
6 0.5 17 14 14 0.037 1.35
7 0.5 10 23 18 0.034 1.2
8 0.375 7 23 18 0.017 0. 63
9 10 31 18 0.091 3,22
10 7 3L 18 0.032 1. 12
Total 1 through 10 0. 887 31.67
Total less volume 6 0. 850 30,32
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Table 5-22
VOLUME/WORK STATION (1.56 m) CABINET -
EXPERIMENT SEGMENT

Face
Width Length Depth 3
Volume No. (in.) (in.) (in.) m £t3
1 56 25 30 0.627 22.24
2 56 30 26 0.794 28.08
3 56 11 19 0.19 6.72
4 56 19 19 0.329 11.6
Total 1 through 4 1.94 68. 64

5.6.4 Instrumentation and Displays

CPL operation will be facilitated by the use of visual digital displays for
temperature, pressure (relative humidity), gas flow, elapsed time, and other
pertinent experiment parameters which require observation during the
course of the experiments. The proper operation of other subsystems of the
CPL will be displayed on the console via indicating lights. These displays
and lights will be mounted on the panels of the console and arranged in
logical and orderly arrays to indicate visually the actual location and

function of the control within the subsystems.

5.7 OPTICAL AND IMAGING DEVICES

The five experiment cloud chambers have varying depths and require
photography of objects which may be within a large variable distance from the
chamber walls. This distance can vary between 3 to 23 cm. Optical access
is provided by a double-walled viewing port which further increases the
distance to the first lens of an observational viewing system. This variable
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distance from the first lens element and the possible object position is 8 to

30 cm. A set of coupling optics next to the viewport allows a variable focal
zoom to focus on the particles in the 8- to 30-cm range. The parallel light
output of these optics permit a confocal stereo microscope and a film camera

to view the particles at the same time through a beam splitter. The astronaut
utilizing a small joystick type control can maintain focus on the particles as
they shift position and can exercise a tilt and pan to move the recorded scene
left or right, up or down (15 degrees). Magnification changes canbe made inde-

pendently at the microscope or the film camera without affecting the focus.

One 80 to 200 mm zoom lens on the film camera and one set of zoom eyepieces
for the microscope coupled with the coupling optics barrel will accommecdate
the photographic needs for the SDI, SDL, E, and G chambers. The

earth simulation chamber has unique photographic requirements which can

be met with a fixed-focus lens and motor-driven magazine on a still camera
body. This camera with a normal 36-exposure magazine can also be used to
photograph any specimens removed from any chamber and observed under a

higher powered binocular microscope.

The CFD chamber does not require photographic recording and/or video
camera monitoring, The data are obtained by a particle counter and recorded

on magnetic tape.

Table 5-23 shows the subsystem equipment utilization versus experiment

class.

The optical and imaging devices subsystem contains the following assemblies:
A, Cine camera (35mm)
B. Still camera (35 mm)
C. Microscope, trinocular
D. Video camera assembly
E. Light source
F. Anernometer
G. Stereo microscope
H. IR microscope
1. Support equipment/expendables

J. DLisplays
5-100
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Table 5-23
SUBSYSTEM EQUIPMENT UTILIZATION

Experiment Class
Optical Detection and

Imaging Devices 1234567891011121314151617 1819 20 21

35-mm cine camera - e X o= e @ e e e eEe X X = = =

35-mm atill camera eXXXXXXXX X X X X X X X = = X X X

Stereo microscope “XXXXXXXX X X X X X X X X X X X =
Trinocular microscope x « = = = =« = = « -~ =X X @ X X = = ® = =
TV camera “~XXXXXXXX X X X X X X X X X X X =~
Anemometer e, eX2a=eXX*" X = X = = = XX X =~ = X
IR microscope “SXXXXXX*X X X =~ = = = X X X =~ X =
Light source XXXXXXXXX X X X X X X X X X X X X

Weight, power, and volume is given by assembly on Table 5-24 and by
experiment class on Table 5-25.

5.7.1 Cine Camera (35 mm)

This is a 35-mm motion picture camera with an 80 to 200 mm zoom focus
lens. The motor-driven magazine will hold up to 500 ft of filmm. Any speed
from 0 to 100 frames per second with a binary format time word imposed on
each frame will be available. The zoom lens can be motorized to permit remote
changes of focal length for magnification changes. The astronaut will con-
trol the frame speed and magnification remotely. Film transport will be of
the pin-registered type. The electrical requirements are 110 vac, 60 cycle.
Motor drive may be modified to take the power supplied to the CPL. The
larger 35-mm double frame will allow greater field coverage than the 16-mm
single frame and minimum camera tilt and pan movement. The 35-mm lens
focal length availability matches the coupling optics focal lengths to achieve
a magnification range of 1 X to 4 X in the film.
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Table 5-25

OPTICAL DETECTION AND IMAGING DEVICES SUBSYSTEM
FEATURES BY EXPERIMENT CLASS

Power 8-Hr

Maximum Average

Experiment Weight Volume Operating Power

Class No. (kg) (m3) {watts) (watts)
1 4,31 0.009 180 66
2 51,03 0.086 295 86
3 51,03 0,086 295 86
4 98. 66 0,128 1,075 248
5 51,03 0.086 295 86
6 51.03 0.086 295 86
7 94,12 0.122 795 236
8 53.30 0.051 695 226
9 51.03 0.086 295 86
10 94,12 0.122 795 236
11 51.03 0.086 295 86
12 56. 25 0.059 718 228
13 11. 80 0.023 215 78
14 18. 85 0.016 195 76
15 11. 80 0.023 215 78
16 95,71 0.129 815 238
17 96. 17 0,127 1,075 248

18 96. 17 . 127 1,075 247,17
19 8. 85 0.016 195 76
20 49, 67 0,086 295 86
21 44,22 0.039 665 214
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5.7.2 Still Camera (35 mm)
This 35-mm still camera is used for time-lapse and single-shot photography

where greater than 4 frames per second is not required. In these respects,
the motion picture camera can provide a backup capability, The still camera
is also used to take single shots of specimens outside the chambers and

viewed under the high-resolution binocular microscope. Certain of the experi-
ments do not require much film (e.g., 2, 11, 13, and 16). The small cas-~
settes that result permit the use of a camera smaller than a motion picture
camera. A 75-mm camera was not called for here, due to the optical coupling
configuration selected. The film remains standardized at double-perforated,
35-mm film for all recordings. Given a film loader, the astronaut can
remove film from the motion picture reels to load the still camera cartridges,
if necessary. The lens on the motion picture camera is suitable for the 35-mm
camera. There will be one 55-mm, fixed-focal-length lens needed by the still
camera for the requirements of the earth simulation experiment. This
camera requires no coupling ontics for the earth simulation experiment.
Focusing will be accomplished by the astronaut through the lens in the

normal way, and then the camera is left to revolve on the rate table with

the experiment.

The individual double frame formats will have a binary format time word

imprinted at the moment of exposure.

5.7.3 Microscope Trinocular

This unit is utilized by the astronaut to observe specimens that have been
removed from the chamber. It will have a range of magnification up to 400 X.
The illumination will be supplied either under or over the specimen. Optical
staining accessories will be supplied for detail enhancement such as the
Nomarski differential interference technique and polarization technique. One
of the two illumination modules normally used on the chambers can be
removed and used for this microscope. Attachments will be supplied so that

st... photographs can be taken by the 35-mm still camera.
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5.7.4 Video Camera Assembly

The video camera is a standard unit 525-line raster on a 1-inch tube with a
4.0-MHz bandwidth. The camera with a zoom lens sees through a beam
splitter in one of the illumination modules which in turn is attached to the
viewport to one side of the observational viewport. With a wider angle lens

at this position, the unit provides the astronaut with a view of the chamber |
much greater than that provided by his microscope. Using the monitor screen,
he can observe droplets introduced in the chamber and see the overall
trajectory as they are propelled. Since the cameras video output can be
recorded on a video tape recorder, the astronaut tan playback scenes of
droplet trajectories on the monitor at will. The camera and monitor gives

him another eye and viewing position to observe the experiment.

The 50 to 200 mm zoom lens will cover the maximum field allowed by the
7-cm clear aperture lighting port £ 12 degrees as well as permita 1 X

magnification at the maximum range of 450 mm.

5.7.5 Li‘ht Source

‘The housing of the light source is a copy of the illumination module
developed for the Apollo-Soyuz Salt Breakup experiment by P. Layky and

J. Schaefer. The module would be modified to take either the 60-watt
tungsten-halogen bulb and socket or the miniature FFT-6 xenon short-arc
bulb and socket. The tungsten bulb would be utilized when CW illumination
is required. When both CW and strobed illumination is required, the short-
arc source would be used. The short-arc power input is 1 watts average

with a trigger voltage for starting of 2 to 4 kvdc.

The bulb is backed by a spherical reflector with a cold mirror coating. The
light from the bulb and ...e image of the bulb is collected by the collimator
lens. The collimator lens can be positioned to control the divergence of the
light beam. This insures that the desired chamber volume is illuminated

and the reflections from the chamber walls do not result in flare light into

the film camera. The output light strikes a 45-degree mirror before entering
the chamber. This mirror has a cold coating (transmissive in the IR) as

does the spherical mirror.
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One of the illumination modules has a beam splitter 45-degree mirror with a
cold mirror coating. This is the module with provision for the video camera
to mount on and look into the chamber through the 45-degree mirror. The
output side of the module has provisions for light filters. These filters may
be polarizers, light attenuators, or colur filters depending on the photographic

requirement.

The module will not have an active cooling system. The chamber will be
protected from thermal radiation from the housing by means of a superinsula-
tion pad. The thermal output spec trum of the lamp will not be reflected by
the cold mirror coating on the spkerical and 45-degree plane mirrors. Thus
the light entering the chamber will have a spectral cutoff about 0. 80- um
wavelength. The module will be held in a fixture separated from the chamber
to prevent conducted heat flow from the module. One module will have a
45-degree mirror, with a beam splitter coating and provisions on the side

to attach the video camera.

The unit is nearly an exact copy of the illumination module built for the
Apollo-Soyur Salt Breakup experiment and as such is not a commercial

model.

5.7.6 Anemometer

The anemometer is a laser doppler velocimeter. It uses the doppler shift of
laser light scattered from particles in the fluid of the earth simulation sphere
to measure the particle veiocity. The fluid velocity is then inferred from

the particle velocity. The optical system utilizes two dual-beam systems to
measure velocity components in two directions. Due to the relationship of
the rotation of the sphere and the fixed velocimeter, two velocities are seen.
One velocity is the relatively fast component duc to the sphere's rotation.
The other velocity component is due to the relatively slow velocity of the
particles in the field.

The principle of operation utilizes a hetrodyring technique. A laser beam is
beam split. The two narrow beams of light wavelength \ are iocused so they
cross at a desired location. A fringe pattern is formed at this spot. As a
particle passes through the set of straight parallel fringes, the intensity of

5108



e m ™

the scattered light varies sinusoidally. The scattered light is colle~ted and
focused on a detector. The output voltage frequency is proportional to the
particle velocity. Since interference fringes are formed only at the beam

crossing point, this defines the maximum measuring volume of the system.

The anemometer can be used to measure particle velocities in Experiments
Classes 1 through ¢1. Its primary use is in Experiment Class 21, It will
be fixed to the experiment table, looking through the transparent cylinder into

the fluid particles in the revolving sphere.

A key feature of a laser is that its output radiation emerges highly coilimated
in the form of a diffraction-limited gaussian beam. This allows the radiation
to be focused to high-power densities.

The optical power requirements would be from 5 mW to 1 watt.

The wavelength will be selected to optimize the functional requirements of
the experiment. This laser assembly would also be used in the optical
characterizers (scatterometer, liquid water content meter, and the drop

size distribution meter) and for motion control or particle orientation.

5.7.7 Stereo Microscope

The “‘ereo afocal microscone is the chamber observation instrument used
by the astron ut to obtain enlarged views of the interior of *he chambers.

It is linked to the chamber by means of the coupling aptica attached to the
observational viewport. The recording camera, whether still or cine, sees
the same field as the microscope through a beam splitter. There are two
methods of obtaining a stereoscopic base and resultant convergent stereo

angle.

If a stereo mirror set is attached to the viewport ahead of the coupling optics,
the astronaut can obtain the normal stereoc angle of 15 degrees. The camera
will record both fields on one [rame in a split field recording. Alternately,
an additional lens can .e incorporated to enlarge and record one field in the
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double frame. Tilt and pan control will be restricted to about 5-degree total.
The second method provides a smaller stereo convergent angle of about

5 degrees, but permits tilt and pan control to 15 degrees. The viewport is
only slightly enlarged laterally since the two visual fields overlap considerably
as they pass through the coupling optics. The camera will always record a

monoscopic full double 35-mm frame.

In both methods, the stereo microscope sees parallel light coming from the
object instead of the diverging light seen by the normal use of a microscope
objective lens. Parallel light in and parallel light out of the microscope
prcvides an afocal (nonimage forming) system. The afocal stereo micro-
scope is not intended for high magnification viewing. It will provide magni-
fications up to 5X for observational purposes and act as a viewfinder for the

camera as well.

5.7.8 Infrared Microscope
This instrument is a high spatial and temperature resolution instrument. It

measures and records in real time the temperature of small water and ice
particles and can be used to scan and map temperatures on a growing ice
crystal. The instrument must measure temperatures between -40"C and
ambient. At the lower end of the temperature range (230°K), the peak
wavelength passive emission is at 12. 5 pm. Thus the detector and its
surroundings must be cooled to temperatures considerably below 230°K to
prevent it from '"seeing' its own internal radiation and to improve its detec-
tivity and resulting temperature resolution and response. Depending on the
temperature of the object and th distance involved (photons versus steradian
capture), it may not be necessary to cool to cryogenic temperatures (77°K)
to obtain the specified resolution. But cooling to levels of at least 200° K will
be necessary. The window in the chamber used by the IR microscope will

have to be made of a material transmitting wavelengths up to about 14 pm.
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5.7.9 Support Equipment/Expendables

5.7.9.1 Coupling Optics

The depth of the experiment chambers necessitates a longer working distance
than commercially available microscopes provide. In addition, when magni-
fication is increased during use, the working distance shortens. The situation
is also complicated by the three different depths resulting from three different
sizes of chamber. To couple an observation microscope and a recording
camera whether still, cine or video, to any chamber, a coupling tube incorpo-
rating coupling optics is provided. This permits reducing the amount of
mechanical tubes and couplings, camera lenses and microscopes, which

each chamber would have required, to one microscope and one camera zoom
lens. It also permits the astronaut to vary the focal field of interest to follow
differing depths and field angles of action. This capability is provided by the

zoom coupling optics and the continuously variable tilt and pan adjustment.

5.7.9.2 Exposure Meter

To ensure that proper exposures will be made, an exposure meter will be
provided. The proper exposure times will be developed in ground use of the
CPL optical subsystem. Meter readings will be recorded so that the astronaut
can check his illumination levels prior to turning on the film cameras. This
is a reliability measure to prevent degrading the experiment data recording

by improper exposures. The sensitometric properties of the film stock
carried on each film will also be calibrated and related to the exposure meter.
The exposure meter in turn will be calibrated for correct readings prior to
flight.

This is 2 hand-held instrument., The sensing head is attached to the meter

with a connecting cord. A small 9-volt battery will actuate the instrument.

- 17.9.3 Spools

For each sortie there will be differing film type and quantity requirements.
The correct footage (plus contingency) on the correct size spools for the
cameras to be used will be established before the flight. The film can be
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ordered spooled to the correct length and tension from the supplier. Bulk
film loaders are available for the small cassettes (36 exposures) for the still
camera. For the astronaut's convenience, each spool will be properiy loaded

prior to flight so that on-orbit respooling will be unnecessary.

5.7.9.4 Film (35 mm)
Only black and white film will be utilized in the 35-mm perforated size. The

3414 emulsion will be used for the highest resolution requirements and
Linagraph Shellburst for general recording. The supply will be rolled in both
reels and large capacity cassettes (15 to 25 ft). The amount of film required
for each experiment class was estimated and is used to establish expendable
requirements. This unprocessed film must be stored at temperatures

to preavent sensitometric changes.

5.7.10 Displays/Controls
A. Tip and tilt +15 degrees of coupling optics and attached microscope

and camera.
B. Camera frames per second speed controls will be required on the
CPL control panel.
C. A two-position control to change zoom focus of the coupling optics
and another to control zoom magnification for the cameras (both
video and film) are on the CPL control panel.
D. A shutter actuation control is required which has a manual control
mode and an automatic mode. In the automatic mode, the shutter is
actuated by the camera control unit for strobed shots and/or time-
lapse shots.
E. Frame advance should be automatic with each shot but with a
"disable.' When a particle can be strobed and recorded two,
three, or more times on one frame, velocity determination is
facilitated. Thus, actuation of the '"disable' will allow controlled
multiple exposures on one frame.
F. Displays —a digital frame counter will enable the astronaut to tell ’
what footage he has consumed and how close he is to the end of the

reel. The iaser anemometer has a digital velocity meter. The
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flashlamp circuit will have a ready light. Power to the following
should be indicated by a light:

Coupling optics zoom

Cine camera zoom

Still camera zoom

Video camera zoom

Illumination module

The position of the zoom and the lens aperture setting will be displayed on

the lens barrel. The shutter speed setting will be displayed on the shutter

housing.
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Section 6
LABORATORY SUPPORTIVE ANALYSES

The transfer of experimental research from a terrestrial laboratory to an
orbital low-gravity environment necessitates the evaluation of the relation-
ship of certain phenomenological factors. Additionally, specific engineering
analyses are necessary to provide data for the selection of laboratory sub-
systems and assemblies. The analyses and trade studies presented herein

are used to support the laboratory definition,

The relative importance of specific phenomenological factors is significantly
altered by the absence of gravity. Many factors such as phoretic forces are
of such a magnitude that they can be neglected within a terrestrial laboratory
in comparison with other gravity-induced factors such as fall convection, On
the other hand, the terrestrially important gravity-induced parameters
change magnitude as a function of absolute acceleration. Successful labor-
atory design and experiment execution requires the evolution of the absolute

and relative magnitudes of these factors,

The conduct of cloud microphysical experimentation in an orbital spacecraft
also necessitates engineering evolutions of equipment design aspects trivial
in a terrestrial laboratory. For orbital experimentation, unlike a terrestrial
laboratory, relatively unlimited resources of sample gases, power, and
manpower do not exist. Laboratory design evaluations to reduce expend-
ables, to enhance experiment thermal control features, and to automate
experiment operations become significant factors in concept definition.
Additionally, manned aerospace operations necessitate consideration of

safety, contamination, and commonality.

6.1 SUMMARY OF RESULTS
The significant results of these analyses are summarized in the following
paragraphs with details of the individual analyses presented in the subsequent

sections.
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6.1.1 Aerosol Storage

When an aerosol is stored in a typical Faraday-cage-type Mylar bag container
with linear dimensions of approximately 50 cm, the cloud nucleus concentra-
tion is typically terrestrially observed to decrease at a rate of about 5 per-
cent per hour. If air motions occurring in the container are ignored, this
cannot be explained by the combined action of diffusion, coagulation, and

sedimentation.

A rough theory indicates that in ordinary laboratory conditions (with a temp-
erature contrast of 0. 1°C to 0. 01°C across the container), convection
currents flow at velocities of the order of 1 cm/sec; when the resulting flush-
ing of the air close to the walls is modeled, convectively enhanced diffusion
appears as by far the most important depletion mechanism; the theory pre-
dicts losses of 2 to 3 percent per hour. Since in a typical aerosol, coagula-
tion and sedimentation together appear to cause a loss of less than 1 percent
per hour, it is reasonable to attribute the rest of the observed loss (about

4 percent) to diffusion in the presence of convection currents.

According to the theory, the diffusional loss varies directly as the fourth root
of both the temperature contrast across the container, and of the acceleration
due to gravity, and inversely as the fourth root of the linear dimensions of
the container. In an orbiting vehicle where gravity is reduced by a factor

of 105 below its terrestrial value, the expected loss rate due to convectively
enhanced diffusion with the usuil temperature contrasts present would be
about (4 x 107°)1/4 '

ble. Taking the loss due to coagulation as 0. 3 percent, the total loss rate

= 0. 2 percent; that due to sedimentation would be negligi-

would be about 0. 5 percent per hour. Some further reductioninthe loss rate could
be achieved by making the container more isothermal, but little could be
gained by any practicable increase in size. Alternatively, for many purposes,
it may be appropriate to reduce the coagulation loss by diluting the sample
with particle-free air; in that case, the total could be essentially that due to
convectively enhance diffusion, or about 0. 2 percent per hour. Thus a

sample stored for half a day would be depleted by less than 2 percent, which

- for many purposes may be quite tolerable.
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In the case of earth samples, it would be desirable to introduce a local
sample (e.g., a maritime aerosol at Cape Kennedy) into an already-stored
container at a late stage during the preparations for launch, The effect of
high gravity during injection into orbit on a stored aerosol is likely to be
minor. Thusin the case of sedimentation, 3 g lasting for 200 seconds would
remove as many particles as 1 g would in 600 seconds, that is about 0.1 per-

/4

cent, while the loss caused by diffusion would be about 3l times that which

would occur on Earth in the same time period, i. e. about 0.3 percent per hour.

6.1.2 Chamber Operation

Sedimentation of the droplets which grow in the supersaturated environment
of a cloud chamber is, of course, a very serious limitaticn in a terrestrial
laboratory. For diffusion chambers with horizontal plates, it limits the
usable range of supersaturations to above 0. 2 percent both in static and
continuous chambers. When the plates are vertical, a convective cell is
superimposed in the general flow and this considerably complicates the
operation of the chamber. A chamber in zero-g would be largely free of
these complexities and would be limited only by the transport of particles

as a result of phoretic effects.

In an expansion chamber, the reduction in zero-g conditions of the convec-
tion currerts due to differences between the wall temperature and that of the
bulk gas is of the greatest importance. Following the analysis given in
Subsection 6. 2, 6, the velocity of such currents will be of the order of

[(0. lgkL/v)(&T/T)]l/z where L is the characteristic dimension of the
chamber. Thus, if 6T can be kept as small as 0. 1°C, and g is reduced
below its terrestrial value by a factor of los,with L is taken to be 50 cm, a
characteristic velocity will be of order 10'2 cm sec’ 1, and the movement of
the air as a result of convection will not produce significant transport of
either heat or water vapor from the neighborhood of the walls to the central
part of the chamber in periods less than several hundreds of seconds. Pro-
vided the pressure within the chamber is monitored during the expansion

(or held constant) so that the interpretation of the experiment is not affected
by volumetric changes due to the thermal influence of the walls on the
immediately neighboring air, the only cause of departures from adiabatic
conditions would be thermal conduction and vapor diffusion. In a chamber
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of radius a = 25 ¢cm, at time t = 100 sec, the departure from adiabatic of the
central temperature AT is only a small fraction of the wall temperature, &T.
Controlled wall temperatures can further reduce the thermal and vapor

diffusion effects to negligible levels.

It is evident that experiments lasting a few hundred seconds would be pos-
sible, the acceptable duration being limited primarily by convective currents,

the velocities of which would b2 proportional to (g 6T)1/2.

6.1.3 Gravity Levels
Acceleration levels for crew activities are 10'4 g and less, whereas the

orbital environments are 10'6 g and less. The vernier thrusters if used
would also by in the 10-4 g level. Orbital altitude should be greater than 150

nautical miles.

6.1.4 Aerosol Transport
Laminar tube flow results in aerosol losses which are a function of quantity

flow rate (.:), and tube length, x. Losses can be decreased by increasing Q

and/or decreasing x.

6.1.5 Radiation Pressure and Heating

Proper selection of the normal illumination levels required for visual and
photographic purposes will not result in any adverse effects of heating or
motion due to these optical sources. On the other hand, particle motion
control and remote heating can be accomplished by proper selection of wave-
length and power densities. The motion control will require a laser source

to permit appropriate beam concentration and manipulation.

6.1.6 Air lonization

The ionization level within a 200-mile earth orbit will have an appreciable
effect only on those experiments involving highly charged droplets. The
primary consequence would be a faster charge decay and this could be
minimized by appropriate selection of orbit inclination, orbit position, and
solar activity level. Decay time constants L in orbit would be between

T >T_ > reIS where Te is the time constant observed in a terrestrial

laboratory.
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6. 6.7 Contamination

The Cloud Physics Laboratory equipment will not affect the Spacelab or other
payloads due to contaminants/contaminating environment. This assessment
is based on evaluation of thermal control system leakage, acoustic fields,
electromagnetic fields, and vibration characteristics of laboratory equipment.
It was further assessed that the internal cleanliness of the CPL can be main-
tained to a 100 class product cleanliness level (current aerospace precision
cleaning standard). Further study is however required to ascertain and
quantify the exact requirements of individual experiment classes and the
development of procedures and techniques associated with verification of such

cleanliness levels.

6.1.8 Air and Water Quantity
The quantity of test sample gas and gas for cleaning and cleansing purges

of the CPL has been established by Experiment Class. The maximum vol-
umetric requirement has been established as 45.9 m3 of standard atmos-
pheric conditions. This requirement is to be satisfied by use of four Space-
lab bottles.

The quantity of water required by diffusion cloud chamber wetted surfaces,
the droplet generators, and the humidifier has been established as a maximurnr
of 1.58 liters. A single 2. 0-liter positive explosion water tank is provided

to satisfy this requirement.

6.1.9 Cloud Chamber Thermal Design

The thermal and thermal control requirements of the cloud chambers can be
satisfied by the use of heat pipe type control surfaces and thermoelectric
modules interfacing with a 150 watt, 7° C Spacelab sink.

The significant results of the optical and imaging devices analyses are:
A. Visual Access — Due to the wall geometry of the chambers and the
high resolution needed for the particle recording, flat optical quality
wall viewports will be built into all chambers.
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B. Focal Range — The interacting experiment particles occupy volumes
at varying distances from the walls. A zoom-type coupling lens
next to the viewport permits focusing to be cuntrolled by the
astronaut through one lens without affecting the focal setting of the
microscope or the camera. Either the microscope or camera
lens focal length may be changed to change magnification without
affecting the focus on the particles.

C. Lighting — The illumination system will be filtered to eliminate the
infrared content. Dichroic coatings on the spherical reflector and
beam splitter will control the halogen-tungsten spectral content.
Particles will be lighted from two sides and appear on a black
background to enhance contrast and maximize resolution.

D. Viewports — These double-walled windows are made from flat
optical-grade glass. Besides maximizing small particle resolution,
the evenness of illumination is held, field distortion is minimized,
and thermal leakage is minimized.

E. Distortion Calibration — The recording optics will be calibrated for
radial and tangential distortion to minimize the plotting error in
measuring particle velocity.

F. Data Management Requirements — Photographic and video frames
will incorpo. ate a digital time word. This will permit correlation
to the timeiline of other experimental data recordings.

G. Optical Subsystems Interactions — A trade study was made compar-
ing zoom lens capability versus a set of interchangeable fixed-focus
lenses. The conclusion was that a zoom lens was superior opera-
tionally but slightly inferior resolution wise.

H. Visual Resolution — Under optimum viewing conditions, the normal
unaided visual acuity of high-contrast objects is about 1 minute of
arc. To allow continued observation of nonoptimum illuminated,
low-contrast particles, the magnification to be provided necessitates

a set of optics covering the range from 2 X to 200 X.

6.2 EVALUATION DETAILS FOR THE PHENOMENOLOGICAL
FACTORS

During the transfer, storage, and use of an aerosol there is a continuous

decrease in the number density or concentration due to both coagulation of
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the particies and adhesion of particles to the walls of the transfer tubes and
storage containers. The choice of sizes used for aerosol transfer linres and
storage containers and the length of times for which an aerosol can be stored
ir a given container must be based at least partially on a consideration of
these losses. The physical sizes of thediffusion chamber« are dictated to

a large extent by such factors as vapor equilibrium time and vapor flux
requirements. The actual useful time for a set of physical conditions then
depends onboth gravity effects (settling) and gravity independent effects
(phoretic forces due tc vapor and thermal gradients). All of these items
must be considered to determine the operating conditions for the low-gravity

environment.

6.2.1 Diffusion (Brownian)
If the air in the container is completely still, the diffusive loss of particles

is negligible. For a spherical container of radius 1 cm, initially filled with

3 and diffusivity D cm2 sec l, the con-

an aerosol of concentration of N cm”
centration at the center is given by Carslaw and Jaeger (Reference 1) as

a function of time by:

N-N_(t) a c g2n+l)zaz
N T (th)”}Z Pl ¢
n=o

The infinite series is dominated by the expansion of z/ l-z8 where
z = exp (-az/4Dt), so that the proportional decrease in the central concen-
tration at time t is [(N-Nc(t))/N] is less than [(a/(th)l/z)/(z/(l-zs)].

Fora=25cm, D=3.6x 10'5 cm® lec'l. t=3.6x 103 sec, z ~ exp (-1205),
so that

N-N c (t)~ as
N ('Dt)”:
~ 40 exp (- 1205)
~_w-sl(»
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Clearly, the effect of diffusion at the center of a container with a ""diameter''
of 50 cm in which the air remains quite still is totally negligible. It is
unrealistic to assume that the air in the container will remain stationary for
periods of the order of hours, and a rough theory indicates that diffusive
losses would b= much larger than predicted above, as a result of convective
motions caused by minor temperature differences, which under ordinary
laboratory conditions would probably be of the order of 0. 1°C, or perhaps

as small as 0.01°C.

6. 2. 2 Phoretic Forces

Thermo-, diffusio, and photo-phoretic forces impart velocities to particles

in the experimental area. The forces tend to reduce the experimental
observation time due to the induced motion of particles out of experimental
area or to the storage chamber walls. An estimate of the magnitude of

these forces will be given.

Thermophoresis is the influence of temperature gradients in a gas on aerosol

particles.

Diffusiophoresis is the influence of concentration gradients in a gas on

aerosol particles.

Photoph. :esis is the influence of temperature differences within the surfaces

of the aerosol particle caused by irradiation with light.

General discussions concerning these forces can be found in books edited by

Davies (Reference 2) and Fuchs (Reference 3).

6.2.2.1 Diffusiophoretic and Thermophoretic

The diffusiophoretic velocity (VD cm/sec) of submicron aerosol particles in
an air-water vapor mixture was determined experimentally (Reference 4)

and theoretically (Reference 5) to be:

. -4dp _ -4dT
Vp =-1.9x 10 -3( = -3.2x 1077 55
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where

. mb
water vapcr pressure gradient -

5 48
1l

temperature gradient (*C/cm)

The thermophoretic velocity (VT,cm/sec) of similar particles in air was

experimentally found by Goldmith and May to be:

Theoretically the diffusicphoretic and thermophoretic vilocities are additive:

_ -4dT
Vp = -.5.8x 10 m

The theory is substantiated by the good agreement between the experimental
and theoretical data as indicated in Figure 6-1 where the circles are the

experimentai data points and the solid curves are the theoretical results.
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Figure 6-1. Valocity of Perticies in Superimposed Thermel and Water-Vapor Pressure Gradients
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Figure 6-2 shows a comparison of theory with experimental data taken in

a supersaturated atmosphere. The enhanced velocity shown in this figure

at higher temperature gradients is due to the gravity-.nduced sedimentations
caused by the diffusional growth of large particles activated by the large
supersaturations. The excellent agreement between theory and experiments
indicates that these equations can be used to e¢stimate the corresponding

effects in a low-gravity environment.

The residence time of a particle in a thermal gradient of dT/dx (76 c¢m Hg,

23°C) is given by:

3
Residence Time (R.T.) = - (L 73’:‘7«1)!(0 o

where L is the distance moved by the particle in a time t (sec).

The residence time for L. = 2, 3, 4 mm is shown in Figure 6-3,

1.0 (R78

09 )

FROM DAVIES, AEROSOL
SCIENCE, p 18

MAXIMUM VELOCITY OF DEPOSITION (CM/SEC)

0 4 [ 12 " 20 M 2 n
NORMALIZED THERMAL GRADIENT
(300/7) (aTidn) ("X /CM)

Figure 6-2. Enhanned Veiocity of Deposition in a Supersaturated Atmasphere
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Figure 6-3. Thermo- and Diffusiophoretic Forces
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dax/dt

dT/dx

Anticipated thermal (and associated diffusion) gradients for low-gravity

applications are 2°C/cm to 0°C/cm with limited study requirements of up

tc 5°C/cm. From Figure 6-3, 2-mm movement will require 150 sec to

greater than 300 sec, an increase of two decades compared with equivalent

horizontal terrestrial chamber which are gravity-induced sedimentation

limited. These times are sufficient for the specified cloud microphysics

experiments,

6. 2. 2.2 Photophoresis

Photophoresis is produced by the so-called radiometric forces, which

because of the gaseous medium act upon nonuniformly heated particles

present in the medium. The mechanism of radiometric forces depends

essentially upon the magnitude of the proportion of the particle rvadius to the

mean length of the gaseous molecular free path.

r, 18 less than the mean length of gaseous molecular free path, 1, the

When the particle radius,

radiometric force is developed due to the fact that gaseous molecules are
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repulsed from the hotter side of the particle with a velocity greater than

from the cooler side. That is why particles transmit impulses directed

toward a lower temperature. The magnitude of this force, as molecular-

kinetic computation indicates, is equal to (Reference 6):

F _ "aPr3 Vi
M 3T
where
a = coefficient of accommodation of gaseous molecules on a
particle surface
Vi = temperature gradient inside a particle

P = pressure

T = temperature

In terms of basic material parameters this equation becomes:

2

-3r rR 1
FM * ZPMX. 7 X,
a i
where
N = viscosity of the medium
Rg = gas constant
M = molecular weight
Xa = heat conductivity of the gas
Xi = heat conductivity of the particle
I = power per cm? absorbed by particle

The photophoretic forces (FM) were calculated for two cases: (1) xenon
flash tube producing an average energy density of 134 watts/cm” in a

l-millisecond pulse; (2) CW tungsten halogen lamp producing an average

energy density of 5 watts/cmz.
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Using:

1.5 x 10-4 dyne:s-sec/cm2

f] =
7 o

Rg = 8.32x 10 ergs/°C mole

a = 0.001

P = 760 mm Hg

M = 28 grams/mole
X, % bx 10-5 cal/cm-sec-deg

X; = 1.43x 1073 cal/cm-sec-deg

Stokes law for the force of resistance of a medium to trarslation (Fs) is

given by:

FS = 6mnrV.
Equating F to the forces due to the photophoretic forces, the terminal

velocity (V) for the particles can be calculated.

F
m

VvV = m
The force acting on a submicrometer particle, the resulting velocity and the
time and distance to achieve this terminal velocity are given in Table 6-1.

For comparison the terminal velocity of a l-micrometer-diameter droplet
acted onby 1 gis 0,003 cm/sec and at 1073 g would be 3,0 x 10-8 cm/sec.
Comparing these with Table 6-1 show that the photoporetic forces (radiometric)
associated with the normal irradiation intensities for visual purposes remain

. . . -5 .
inconsequential even in a 10 ~ g environment.

6.2.3 Thermal (Brownian) Coagulation

In any aerosol experiment, cunsideration muat be given to the coagulation and
diffusional losses of the particulate matter. These phenomena are understood
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Table 6-1
ASSESSMENT OF RADIOMETRIC FORCES

Force, Relaxation Relaxation
Fm Velocity, V Time, t Distance, X
(dynes) (cm/sec) (sec) (cm)
Case 1 3.48x 1072 246 x 10717 3.53x10°® 43 x 1072
Case 2 1.3 x10°%° 9.2 x107'8  3.54x10° 16 x 10”23

well enough so that their influences can be predicted mathematically.

Coagulation follows the following relationship:

@__an
dt ~ 2

where K, the coagulation kernel, is determined primarily by the particle
size:; and the factor 1/2 has been added so that each aggregate should be
counted only once. This equation was first deduced by Smoluchowski (Ref-
erences 7 and 8) in 1916, and has been verified since then by several
independent investigations (References 9 and 10). This expression for the
particle number density, n, as a function of time, t, is a good approximation
in most cases. This is because of two counteracting effects (References 11
and 12): (1) "Wiegner Effect" (Reference 13) - coagulation rates of small
particles increases in the presence of larger particles, and (2) the increase
in mean particle size reduces the value of the coagulation kernel, K. Thus,
these two effects tend to cancel one another ou!, and the aerosol system as

an entity behaves as a monodisperse system.

In the analysis, no consideration was given to wall losses since this loss is

a function of the geometry of the system.

In general, wall losses can be approximated by:

_ Surface Area D
B = Volume X

614



where 6 is the wall layer thickness and has an approximate magntiude

(Reference 14) of 6 = 5 x 10-5 cm. As an example for a spherical
chamber,
B o= D 41tr2 - 3D
T 64 3 5
-3-1!1'

and so for large R and small D (diffusion coefficient) the loss to the walls is
minimized. The wall loss can be included in Smoluchowski's equation to

give

From this equation, it can be seen that for concentrations of lO5 or larger
coagulation is the predominant mechanism. For concentrations of lO3 or

less the diffusional loss to the walls must be also considered.

Since any aerosol can be easily neutralized (Reference 15) to the Boltzmann's
charge distribution, there is no need to calculate the effect of charge on the
aerosol. The surrounding walls, however, should be conducting so that no
appreciable surface charge can accumulate. In some plastic containers
(Reference 16), high surface charges greatly increase the loss of particles

to the walls.

Figures 6-4 and 6-5 are plots of the integrated form of the coagulation

equation

R S
1 + n—o‘Kt
2

-
n
o

for initial concentrations, n. of 103, lO4 and 105 particles per cubic centi-

meter with (monodispersed) particle radii, a, of 0. 1 and 0. 005 microns.

The values of the coagulation kernel have taken into account the gas correction
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term and have been compiled by G. Zebel (Reference 17). The correcction
term is obtained by equating the diffusional flux to the kinetic flux at a dis-
tance of one mean free path from the absorbing surface. The correction

allows the diffusional equation, which is based on continuum theory, to be

extended into the pas kinetic regime.

The zero-pgravity CPL program has identified particle density ranging from
3x lO4 particles/cm3 and lower with diameters from 0.01 pm to a few
micrometers. Figures 6-4 and 6-5 indicate that storage times of 3 o

5 hours will result in less than 50 percent decay due to coagulation. Many
of the experiments require concentrations of less than lO3 particles/’cm3
and particle diameters greater than 0. 1 um. For these experiments the

coagulation rate will be well below a few percent per hour.

6. 2.4 Sedinmentation

Particle motion due to residual acceleration levels effect experiment pro-
cedures and observation requirements. The impact of these effects can be
most conveniently evaluated by considering several particle size ranges.
First the loss of nuclei (submicrometer particles) to the container walls
due to acceleration induced sedimentation is considered. Then the motion of
droplets moving at terminal velocities in a reduced gravity or acceleration
field is considered. Next an evaluation is presented for the general motion
of a free-floating drop over a complete orbit due to such things as gravity
gradient, earth oblateness, and residual atmospheric drag. These latter
calculations were done in a general form assuming that the drop was mov-
ing in a vacuum environment within Shuttle/Spacelab. The results indicate
that a minimal orbital altitude of 150 nautical miles is desired for Cloud

Physics Laboratory experiment operations.

The final evaluation provides information showing that preferential orienta-
tions for droplet injection relative to visual observations exist and should be
conzidered for special experiments requiring optimum motion control. This
analysis also established the stopping distance for a 100-pm-diameter droplet

with two initial velocities and for various chamber orientations.
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6.2.4.1 Nuclei
If the air in the container was completely 2t rest, the number flux of particles

in the range r, up to r, through any horizontal plane would be simply

r
[Zv dN,
rl 8

where N is the cumulative concentration. For sufficiently large particles,
this formula is valid not only in the bulk gas, bui aleo at a horizontal wall
surface, but in the case of sufficiently small particles, it is not valid to
assume that their concentration very close to the wall is the same as in the
bulk gas, since that concentration already isa much reduced by Brownian
diffusion. However, sedimentation is an effective process throughout most of
the range of sizes corresponding to cloud nuclei, and in the present discus-

sion it will be assumed that the function N is everywhere the same.

In order to evaluate the integral stdN, it will be assumed that the size
distribution follows Junge's law, dN/dfnr = ar-3 fromr = r2 {the maximum
size) down to r = r, = 5 x 10'6 cm, and that fromr = r, down to the lower
limit of cloud nucleus sizes r (~2x 10°° ¢m), dN/dfnr is a constant. The

total count of particles from the maximum radius down to r ., is then:

r r
dN = ﬁzdl\uf lan
1 l.m

r r
2 -3 dN ) 1
'/r‘ ar “dinr + (dlnr r=r In o

_af_ -3 -3 -3, 1
= 3(1'1 -, )+¢il!rI Bn;—
m
r
= arl's (%-l— In —l)
m

. -3 -
since x-l >> rz
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Taking r = 5 x 10-6 cm, r = 2 x 10'6 cm, this implies that the total cloud

3

nucleus concentration (n) is closeto ].25 a r -3. Hencea = 0,8 n r,".

1

The sedimenting flux through unit area of a horizontal plane is

r r r
IZVdN=[2VdN+[IVdN‘
S r S 8
m 1 m

The fall velocity, Vs is given by:

_ 4 _3
Vs =g ppr

where pp is the density of the particles and B their mobility. Thus,

The empirical formula due to Knudsen and Weber (Reference 18) and
Millikan (Reference 19) is:

B = [1+A—!_2 + Q!e-brll] /6w ¢

r

where A = 1, and £ is the mean free path of air molecules. The value of Q
and b have been estimated from experiments with various aerosols, and
depend somewhat on the constitution of the particles. Taking the results of
Millikan for oil droplets in air, Q = 0.3, B = 1. 25,
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This gives the sedimenting number of flux as:

br
ppe™ [r -
.g...——l"; / 2 (r-Z + AL 4 er'3e L ) dr

T

'ﬁ
- ™
<
]
o
2
it

2p g= ( -2
P -1 _Afr™" Qb -2 -pr
. In -r - 3 +T ‘-r e

L]

T

+ pr'l e PT 4 pZEi (-pr)})

where p = b/L.

6 4

Putting r| = 5 x 1077, r, =5x 1007, p=2x 105, since Ei (-1) = -0. 2, it

results that all terms are small compared with the first two, and we may

write, approximately:

r 2ppg= (
2 _ “Pp -1, Al -z)
/ VAN = —p r, S

Also, since in the range L. tor,, it is assumed that

dN_ -3
dinr 1
r, prgcrl r -pr
VAN = —o (r + Al + Qe”PF) ar
r ' r
m m
-3 i
2ppgar
= p9v] ! [%rz+Alr __l.e-pr
r
m
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Substituting =0.8n rl3 and, later, putting pp =1.5¢g cm_3,

r 1.6p,gn
2 _ p 2, Alr 1( 2 2
/ VN = —pp— [rl = 143 (r, -rm)

-pr -pr
+A2(r1-rm)-%f(e 1. . m)]

=l.5x106n %rlz-%rmzi»Af(%rl-rm)
Qe ( -PT) ‘P"m)}
“Tp \¢ T e

=10'4 n (particles per unit area, per unit time)

where n is the total clcud nuclei concentration.

Thus, in a container h cm deep and one-g environment, the proportional rate
of loss of cloud nuclei due to sedimentation from still air is 10'4/h per sec-
ond, or about 0. 7 percent per hour for h = 50 cm. The above analysis

indicates the resulting sedimentation losses are proportional to the ambient

acceleration level. Thus sedimentation losses in a 10-3 g environment

are negligible.

6.2.4. 2 Cloud Droplets
The following analysis considers the motion of particles larger than nuclei

but in the Reynolds number range for which the Stokes approximation applies

(Re<< 1).

For lower gravity the formulas for the terminal velocities of drops are:

Stokes Law gives (at terminal velocity)
F z=6wnrv = 4n(p-p"') r35/3

2(p-p' )sr?'/n

[

v

4(p-p ')sr3/9 v2p

Re

82y



where
v = n/p' = kinematic viscosity of air
n = dynamic viscosity of a.r
p' = density of air

p = density of water

r = drop radius
g = acceleration due to gravity
B ° acceleration due to gravity at earth's surface

Re = Reynolds number

From the above relationship for velocity, it can easily be shown that

> - &
v
e
where v and g are the velocity and acceleration in some general (e.g.,

orbital) environment and Ver Bg are the respective earth values.

The above relationship is for drops at terminal velocity under the influence
of an ambient acceleration level. Thus, the terminal velocity of the particle

in air will scale directly with the acceleration level.

6.2.4.3 Raindrops

The following analysis considers the effect of orbital laboratory motion on
larger particles. When a free-floating droplet is placed inside an orbiting
spacecraft, it will exhibit relative motion with respect to the center of
gravity of the vehicle due to atmospheric drag, earth oblateness, and orbit
altitude. This analysis was performed to establish the motion of such a

droplet moving in a vacuum within the spacecraft,

The coordinate system employed is a rotating axis system with the origin

placed at the center of gravity of the orbiiing satellite. The x-axis is always
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kept aligned with the velocity vector - positive in the direction of motion of
the satellite. The z-axis is assumed to be in the plane of the orbit — positive
toward the center of gravitational attraction (aligned with the radius vector
of the orbit). The y-axis completes the conventional right-handed coordinate

system being normal to the orbit plane — positive to the right.

Analytical Development (Closed Form)

To obtain an insight to the problem at hand, namely the motion of a ''raindrop'
inside a satellite with respect to the center of gravity of that satellite, simple
closed-form equations were used. Assumptions that were made that would
affect the results were:

o Spherical earth, no atmosphere

e Circular orbit

e Drop moving in a vacuum

]

Initial perturbations to have a small effect on the orbit of the raindrop

Of particular importance is the last assumption when perturbations involve
velocity. The incremental velocities should be small enough so that, for
example, io would n.ot markedly affect the vertical displacement of the
"raindrop." Thus, Xo = 30 cm/sec {1 ft/sec) would be way too large as the
vertical displacement that would result due to the velocity alone would be

approximately 1 km (3,300 ft).

With these assumptions in mide, the equations for the relative positionof the

raindrop are:

22
X = X +Xt-6Z (wt-sinwt) - —uo—" (1 - cos w_t)
i’o
Z = Zo (4 - 3 cos uot) + —“; sin uot

and no motion out of the plane of the orbit.
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In an example where

X =X =2Z =0
o o o
0" -30 cm (-1 ft) (30 cm (1 foot) above the center of gravity of the
v satellite)
wy = -;9- satellite at approximately 100-nmi altitude
o
X = -12 meters (in one orbit)
(=38 feet)
Z = -2.1 meters (in one-half orbit zeturning to the original
(-7 feet) Z = -30cm (1 ft) position at the end of the orbit)

Note that whereas the vertical displacement cycles from -30 to -210 cm
(-1 to -7 feet) displacement (backward) along the orbit increases by 12

meters (38 ft) subsequent orbit.

Increasing the initial displacement also increases the subsequent displace-
ment by the same factor. Thus doubling the initial displacement would also

double the subsequent maxirnum excursion of the particle.

Exact Analysis

The exact analysis was performed with micrometric precision afforded by the
GVPAT computer program in its ""odd-ball" configuration. In this program
the equations of motion are integrated, allowing exact coniparison of the
positions of the center of gravity of the satellite with that of the "raindrop. "
The detail of the analysis is only limited by the complexity of the model

(earth gravitational potential, atmosphere, guidance, etc.).

A stepping stone approach was tak:n in the analysis to allow the reader to
walk from the closed form results to the more complex modeling of the

problem,

Step |
The example most closely resemtling the closed-form solution is the

integrated case having no atmosphere and aszuming a spherical earth.

This case gave extremely close agreement with the theoretical closed-

form results.
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Step 2
The addition of standard atmosphere to the model drastically changes

the results. Although the spacecraft, i. e., the Shuttle Orbiter, was
always rotated so as to present the lowest drag profile, considerable
changes were experienced in the orbit of the spacecraft itself, approxi-
mately 72 meters (240 feet) along the flight path and the noncyclic nature of

the disturbance along the radius vector.

Step 3

The inclusion of earth oblateness effects essentially did not modify the
disturbances as calculated in Steps 1 and 2. The only effect being the
appearance of a lateral displacement due to the regression of the orbital
plane. This lateral displacement being 0.34 meter (1. 14 feet) and 2,34

meters (7.8 feet) for the nonatmospheric and atmospheric case, respectively.

Step 4

Increasing the orbit altitude essentially decreases the effect the

atmosphere has on the spacecraft and the relative motion of the particle
with respect to the center of gravity reverts back to the theoretical

case,

The effect of orbit altitude on the displacement history of the raindrop is
summarized in Figures 6-6, 6-7, and 6-8. From these figures it can be
seen that most of the atmospheric effects on the orbiter have been eliminated
by 280km {150 nmi). However it shculd be pointed out that the attitude of the
orbiter with respect to the velocity vector as well as variations in the atmos-

pheric density would play a very important role.

6.2.4.4 Orientation and Air Drag Effects

Don Klick of the NASA/MSFC analy~:d the effects of experiment package
orientation on drop dynamics as relevant for an Apollo-type cloud physics
experiment. The results are included here to show qualitatively the various
effects of chamber orientation. Included are both initial drop velocities and

chamber air drag.

Gravity forces, atmospheric drag on the spacecraft, drag on the drop due to
the cabin atmosphere, as well as initial drop velocities due to injection

techniques were considered in the analysis.

6-2%
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Displacements are presented for a droplet when the experiment package is
placed in six different orientations. In each case, the package was con-
sidered to be at the same location in the spacecraft. In all of these orien-
tations, the spacecraft velocity vector is directed along the positive x
direction, and the spacecraft is in a z-local vertical mode with an orhit
radius of 146 nmi. A z-local vertical mode positions the spacecraft such
that the positive z axis is continually aligned with a radius vector from earth
to the spacecraft, and the positive x axis is continually tangential to the
circular path of the orbiting spacecraft. The positive y axis is chosen to

make a right-handed coordinate system.

Figure 6-9 contains calculated displacements of a 100-um saturated salt
water particleinjected into a medium of 70 to 30 percent nitrogen-oxygen

mixture which has a viscosity of 0. 185 x 1074

kg/m-sec. The particle
displacement is calculated for initial velocities of 10 cm/sec and 25 cm/sec
with positive and negative injection directions along various injection axes.
The displacements as calculated and tabulated are total displacements which
relfect the distance traveled by the particle fromthe injection point at the
end of a representative experiment time (30 minutes).
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As seen in Figure 6-9, two sets of coordinate systems for each of the six
cases were used to help clarify the orientations. The spacecraft coordinate
system (x, y, z) remained unchanged in every case, while the axes on the
package coordinate system are rotated and interchanged so as to determine
the effect of various orientations on the salt water particle displacement. The
experiment package coordinate system consists of an injection axis along
which the particle is directed, a view axis along which the photographic and
optic apparatus is situated as well as a third or auxiliary axis. All three of
these are important in determining the experiment package size. However,
if depth of field considerations make it desirable to minimize motion along
the view axis, it is possible to select an orientation which does this. If
instead field of view is the more restrictive requirement, motion in the

plane formed by the injection and auxiliary axes can alsobe minimized.

The results in Figure 6-9 indicate that the smallest total displacements
occur in both case I and case Il when the injection is made in the negative

x direction. This indicates an orientation for minimizing package size. The
smallest displacements along the view axis were observed for orientations

II and VI, and these indicate optimum orientation for depth of field.

Most experiments will not require any special orientation beyond the con-
sideration of being as near the center of gravity of the orbital platform as
possible. This information can be utilized for those special cases where

camera depth of field is critical and motion must be minimized in that direction.

6.2.5 Convection
The following order-of-magnitude theory for determination of the loss of
particles from air due to convective circulation was developed by P. Squires

during his program participation.

Consider a container with linear dimensions L; and suppose that the temper-
ature of one wall is 6T°C higher than the opposite one. An upward motion
will occur near the warmer wall, a downward one near the colder using
normal one-g terminology. The momentum of the moving air is generated
by buoyancy forces in those regions where the temperature of the air has
been significantly influenced by the neighboring wall, and suffers attrition
as a result of viscous stresses. The temperature anomaly relative to the
mean of a circulating parcel is reversed twice per revolution by heat con-
duction to and from the wall; no other mechaniam significantly influences
630



the temperature of the parcel. On the other hand, the momentum anomaly of
the parcel is reversed twice per revolution very largely as a result of the
action of pressure forces which change the descending current to a horizon-
tal one, and then into an ascending current. The scalar gradient of velocity
from the region of maximum velocity to the wall is essentially unchanged
during this process, while the gradient of temperature is reversed. Thus,
although the diffusivity of momentum in air (the kinematic viscosity) is less
than the diffusivity of heat, the nonsteady aspect of the diffusion processes
is of little significance for momentum, but is of the essence of the problem

in the case of heat.

The vertical velocity will have an S-shaped distribution, vanishing in the
middle and at the walls. Let v be the maximum velocity, which will occur
somewhere between a wall and the center. Let the distance from the wall

to this point be y. Then, air near the velocity maximum will traverse the
length of the wall in time T = L/v. It is plausible that at the location where
v occurs, the air temperature will be largely controlled by the wall. Other-

wise, the convection current would not reach its maximum velocity there.

When a semi-infinite slab of material with a thermal diffusivity of k and an
initial uniform temperature Tl is placed in good thermal contact with a
surface which is held at a fixed temperature To' heat diffuses through the

material in a manner defined by

(T-T,) = (T, - T, erf(y/2 Jxt)
where y is the distance from the surface which is held #t the fixed tempera-
ture To' The temperature at distance y asymptotes to its final value (TO),

though not in an exponential manner. A reduction IT - T0| by a factor of

e " requires a period of (y2/4an2) seconds, where q, is defined by:

erf(g) = e " (q, = 0.339, g, = 0. 120 etc.)
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It will be assumed here that during its transit along the wall the air at
position y spends a period of y2/4:(q.l2 seconds, so that its temperature

anomaly relative to the wall will be reduced by a factor of about e. Thus,

L 2
L T
4xq1
or
2

yos——~—

Consider now the slab of air between the point y and the wall. Assume that
its temperature is (6T/2* C warmer (or cooler) than the average of the entire
volume. The buoyancy force acting on a c~lumn of length L, of unit breadth
is then -gyLép = (1/2) gyLp (6T/T). The only other force is the viscous
stress at the wall, since at the location of the maximum velocity, there is
no shear. Taking the gradient of velocity at the wall to be 2v/y, as would
be the case in a two-dimensional Poiseuille flow, the viscous stress along

the wall, per unit breadth, is 2nvL/y.

Hence,

1 65T 2nvL
L = .J_
5 gyLp >

so that

2
6
v - 8L
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where v iz the kinematic visocity of air. Substituting the earlier

. 2
expression for y ,

2 gquzL 6T

v 2 = 7
and
2
4 lbvqu L T
y - g 5T

Taking g = 103 cm sec'z, k=0, 22 em? sec'i, v=0.15 cm? sec- 1,

L=50cm, q,° - 0.115, T = 300°K, v° = 286T, and y* - 0.9/6T. Thus for
8T in the range 0.01 to 0. 1°C, as seems plausible under laboratory condi-
tions, the estimate of v lies in the range 1/2to 1-1/2 cm sec” l, and that of

y in the range 3 to 2 cm.

Experimental work by Prandtl (Reference 20) would indicate similar velocities,

in the range 0.7 to 2 ¢cm sec-l under these conditions.

In considering the effect of convection currents on particle losses, it would
appear that a perfectly steady and laminar circulation of air would have little
effect on the cate of loss. The particle-depleted shecath of air lying close to
the wall would remain there, effectively shielding the bulk of the gas from
much further particle loss. Unsteadiness in the flow, however, is very likely
to occur, and a simple way to model the loss of particles is to suppose that
the particle-depleted air very close to the wall is replaced by unmodified

air every T' seconds. If this is so, the particles out to a distance x will be
largely removed, ifT' = x2/4Dq12, where D is the diffusivity of the
particles; thus, xZ = 4q; DTY. It will be assumed that T' is equal to mL/vx
where Vs is the convective velocity at distance x from the wall. This is
equivalent to supposing that the sheet of air of depth x clings to a wall untii
it has traversed a distance equal to m times L, a typical linear dimension

of the container. The number m may be expected to be of order unity. The
velocity at distance x, Yy is about 2vx/y, since x is quite small compared

with y. Thus,
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T' = mLy/2vx
Combining the two expressions for T'

xz . mly
4q12D 2xv

or
3 2mL D qZ
x> = _v_l 1

From the above,

4q12D
T ° X
= 4q ZD (—7—" )]/3
! ZmI..ql Dy

= 1 (Z
173 173 y

But,

3
v B (_6_1)3

Hence,
z4/3 q 3/2 D2/3 kl/lZ 81/4
X - 1
1
T m1/3 LIM vl/4

M

1/4



Substituting the same values as earlier, assuming D = 10‘5 cm2 sec l, an

average value for cloud nuclei, and setting m = 1, this yields a value for
%/T' of about 2 x 10°% (51)1/%,
volume V cm3, the proportional loss of particles per second will be about

2x10°% A (6T)}/#/V. In a typical bag container, A = 2 x 10%, V = 3 x 10°,

so that the loss rate would be 5 (6'1’)1/4

If the area of the walls is A cmz, and the

percent per hour. For 6T in the

range 0.01 to 0. 1°C, this corresponds to a range of 2 to 3 percent per hour.

The result is fairly insensitive to the value chosen for m. The fair agree-
ment with terrestrial observation (a total loss rate of about 5 percent per

hour) may be fortuitous, but it gives some confidence to the prediction that
the main cause of particle depletion is diffusion to the walls in the presence

of convection currents, and that this loss will vary as
(42

Similar results are given by Levich (Reference 21) for diffusional flow in

1/4

natural convection for the case of a vertical plate, In that case, the density

changes were assumed to result from heterogeneous chemical reactions.

6. 2.6 Acceleration Level (g-Level)

Ambient acceleration levels affect many aspects of the cloud physics experi-
ments ranging from particle moiion to convective circulation. Thus an
evaluation of many of these factors discussed in this report depend on an

estimation of the expected residual acceleration levels.

Acceleration levels present aboard the Space Shuttle Orbiter/Spacelab are
due to drag, gravity gradient, and other orbital environments, to crew
activities ranging from arm and leg motions through walking or exercise and
to onboard machinery and propulsive devices. The acceleration envelope
presented ii. Figure 6-10 encompasses these acceleration disturbance
sources. In developing these data, linear, radial, and tangential accelera-

tions were considered and the maximum values indicated.
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Figure 8-10. Shuttle/Spacelab Acceleration Levels

Representative numbers were assumed for the Shuttle/Spacelab, The Shuttle
Orbiter with its Spacelab payload would weigh 250,000 1b. The OMS (orbital
maneuvering system) with its two 6,000-1b engines performs altitude adjust-
ing and rendezvoue operations at 10-2 g. The RCS (reaction control system)
with forty 910- lb thrusters selecuvely activates various thrusters for body
axis rotations and ranges from 10~ g through 10~ -2 g. The vernier thrusters,
six at 25 lb,, in the RCi operated when quiescent periods are required yield
disturbances in the 10° g level. Acceleration levels for crew activities

are 1074 g and less, whereas the orbital environments are 10~ g and less.
The actual motion during an orbit was given in the Subsection 6, 2. 4. 3.
Noting that most of the crew activity items are cyclic and often would
average to zero over a specific period of time suggests that 10'4 g would be

readily available while 10'5 to 10'6 may be available aboard Spacelab, for

certain types of experiments.
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6.2.7 Aerosol Transport

Aerosol losses while being transported through tubes result from thermal
(Brownian) coagulation and velocity gradient coagulation. The former can be
neglected for small transit times while the latter will become important

at higher transport velocities,

The decrease in concentration (n) of an aerosol due to the diffusion toward

the walls for laminar flow through a circular tube is given by the empirical

formula

- = 0.819 exp (-3.675u) + 0.097 exp (-22.3y)
[+

+ 0.032exp (-571) + . . .
where u is the dimensionless number

DX
R

and

- initial concentration

- radius of tube

length of tubing

- diffusion coefficient of particles

dcxxo“
[ ]

- the mean flow velocity on tube

as obtained by Gormley aud Kennedy (Reference 22) in 1949. Since U has a
l/RZ dependence (for well developed Poiseuille flow), the diiiusional losses
can be reduced to an extent by usisg larger tubing. The larger the tubing

however, the slower the mean velocity U, and consequently the .uration of

aerosol in the tubing is longer.
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The volume flow rate Q provides a coupling between the tube radius K and

flow velocity U

O = RET

Using this in p gives

nh
p o= X
Q

showing that the loss vrate is an inverse function of flow rate and a linear

function of distance X.

lLusses can be decreased by ircreasing Q and/or decreasing X. As long 2s
the flow is laminar, the loss is independent of tube radius for fixed Q and
thus only a function of X, Special considerations must be given if there is

turbulent flow, corners, or excessive shear.

Particles with radii (r) of 0. 005 and 0. 1 micron which have a diffusion
coefficient (D) of 0.52 x 10'3 cmZ/sec and 0. 22 x 10-5 cmZ/sec respectively
v.. .. ~onsidered. Tubing sizes considered included R = 0.2 cm, 0.5 cm.
b, 1,5 em, 2,0 cecm, 2.5 ¢cm, and 3.0 ¢cm with mean flow rates between
0.5 and 10,0 cm/sec. Figures 6-1] and 6-12 illustrate the effect of flow
rate and particle size on loss rates for a representative tube of 1. 0-cm

diameter,

The equation and graphs apply only to straight sections of tubing. Additional
losses which cannot be calculated occur at bends or other deviations from a
straight tube, The losses at bends will in general be greater for the larger

particles due to the larger inertia.

6. 2. 8 Radiation Pressure

Radiation pressure causes the movement of material as a result of the laws of

conservation of energy and momentum during the interaction between radiation
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and material where radiometric forces are neglected. The following
cevaluation cstimates the optical power density required for motion control of

particles with diameters below 100 micrometers.

Radiation pressure is given by (Reference 23)

I 2wr2
Frop, =T

where

I = incident energy (watts/cmz)
C = speed of light
r = radius of particle

q = fraction of light reflected back

The radiant power on a l-micron diameter particle to move it at a velocity

of 1 em/sec is given by (Fs = 6mnrV, Stokes force associated with air drag):

F C

, 2, _ "s~ _ 6bm CrV
{Inr") = 5q - 2
For
-4
n = 1.5x%x 10 " dynes-sec/cm
q = 0.1
I;rr2 = 2. 12 milliwatts

where a change of units to the more familiar watts has been made. In appli-
cation, the total beam would not be focused onto the particle and thus larger
powers would be r :quired in the ratio of total beam power to power striking

particle.

Terrestrial laboratory investigations at Bell Labs has shown that glass

spheres and liquid droplets can be very stablely supported for diameters up
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to 50 pm using nonabsorbing laser power of around 1 watt. The manipulation

of particles below 0. 1l mm in a 10.3 g environment is very feasible.

6. 2.9 Radiation Heating

Ligiit beams (whether incandescent, flash, or laser), which are used to
observe the cloud microphysics phenomena under investigation, can exert

a disturbing influence on the experiment. Laser illumination is preferred
for experiment observation because it is monochromatic, polarized, and
nearly perfectly collimated. The chief influence of such illumination will be

the heating of the bulk gas and/or water droplets under investigation,

The rise in the internal temperature of a water droplet illuminated by a low-
intensity beam with visible wavelength is negligible. For a range of realistic
conditions, the rise in temperature is of the order of 10"5° K/sec. The

following set of assumptions are used as an example:

He-Ne laser wavelength: A = 0.6328 um
power output of laser: PO = 10'l joules/sec (100 milliwatts)
radius of laser beam: R =0.85cm
imaginary part of index of
refraction of water at 8
A=0,6328 pum:* Im(n) = 1.6 x 10°
. o . . 2
absorption coefficient for o = dnim(n) _ 3.2x 10" Jem
water: A
radius of the water droplet: r = 10-3 cm (10 pm)
specific heat of water: ¢ = 1 cal/gm/°K
Jensity of water: p=1 gm/cm3

given by

P -1
AT = 4._386# 2 (cf rP6)  K/sec

*The imaginary part of the index of refraction for water at 0. 6328 pm and
25° C was taken from George M. Hale and Marvin R. Querry, Applied
Optics, 12, 555 (1973).

**The quanti:ies have the units given in the definitions, The units in
parentheses are explanatory.

“t ag




0,
R

4.5x 10"

2 x 10-5 °K/sec

As can be seen from this equation, AT is independent of the droplet radius.

This result is dependent on the condition ar << 1.

The rise in temperature of the gas illuminated by the 100 milliwatt He-Ne
laser is also negligible. For a typical illuminated volume of gas composed
air, saturated water vapor, and aerosols, we can estimate an upper bound

on AT of about 10'5 °K/sec. To do this, we use a total attenuation coefficient
(including both elastic and inelastic scattering) which was obtained from

experimental data on air with water vapor and naturally occurring aerosols, *
-7 -1

total absorption coefficient: ag > 7x 10 cm
specific heat of the gas: p = 0.24 cal/:g;m/"K ,
density of the gas: Py ™ 1.3x 107”7 gm/ecm
volume of gas: mR2¢

The rise in temperature (when af << 1) is given by

Poa L 2 Poa
AT = g > = 2.4x 10 ——2-&
4. 186can Zpg R

2 x 10"5 °K/sec

it

AT

The total attenuation coefficient was taken from an average of seven different
experiments at an altitude of 1 km for real atmospheric conditione. A rough
estimate for the corresponding concentration of 2-pm aerosol particles is
about 100 % 50 particles per cm3. The @ we have used includes the elastic

Rayleigh scattering attenuation coefficient and also the effect of any water

*This value of @, was taken from L. Elterman, Air Force Cambridge
Research Laboratory, report 0155 (1968), p. 34, for an altitude of about
1 km and 15°C,
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vapor (saturated or otherwise) which is present. Under most conditions, the
experiments were not performed on water-saturated air. However, the
effect of the water vapor will be small. At 100 percent relative humidity,
water clusters will have nucleated only on the impurity aerosols and are in

effect no more dense than the aerosol particles themselves,

Subject to the above considerations, we can limit the rise in temperature of
the illuminated gas to no more than 10"5 °K/sec. Thus the heating effect of
the 0.6328-pm laser beam when used for illumination will be negligible for

both the gas and the water droplets,

6, 2. 10 Air Ionization

Ambient ionization levels determine the charge decay rates from charged
particles. Thus air ionization levels within the zero-gravity CPL chambers
mu.t be considered when developing techniques and experiments dealing with
highly charged particles, First an estimate is determined for the ionization
rates expected in a Spacelab environment, Next the ionization levels are

related to particle charge relaxation times,

Free-space galactic cosmic ray doses are generally calculated to fall in the
range from 3 to 13 rad yr'1 (Schaefer; [Reference 24]; Weidner [Refer-
ence 25] ) including a factor of 2 or so variation over the solar cycle. Using
recent spectral measurements (Kinsey [Refercuce 26J; Balasurbrahmanyan
(Reference 27 ] et al. ), Langley (Reference 28) has calculated the relative
dose in 200-nm altitude orbits of various inclinations for the interior of a

detailed space station configuration.

Since the rad is 10C ergs gm-l, and assuming 35 eV per ion pair production
in air, the numbers of ion pairs produced by galactic cosmic rays in the

same orbits for the extreme values of free space dose mentioned above are
given in Table 6-2. These numbers are appropriate for all reasonable space-
craft wall thicknesses. Recent measurements have tended to substantiate
these results, Direct measurements on Skylab yielded inconclusive results,
but do not indicate higher ionization rates than those shown (R. W, Langley,

private communication).



Table 6-2
IONIZ ATION RATE AS FUNCTION OF ORBIT INCLINATION

Number of Ion Pairs
gm- lgec-1

Inclination Fraction of

(deg) Free-Space Dose Minimum Maximum
0 0.014 2.4 x 10° 1.1 x 10*

30 0.023 4.0 1.7

45 0.043 7.4 3.2
60 0.132 2.3 x 104 1.0 x 10°

75 0. 245 4.3 1.9

90 0. 264 4.6 2.0

A number of phenomena (e. g., surface double layer and air motion) must be
considered to fully account for the droplet charging and charge equilibrium
distribution of single or multiple droplets in a low-gravity environment.
Considerating only droplet charging by diffusion provides an estimate of the
affects resulting from the variation in ion production rates as will occur
within the zero-gravity CPL. These effects ¢an then be compared with those

conditions which normally occur in a terrestrial laboratory.

A first order estimate can be obtained by using the work of Gunn (Reference 24),

Using the reasonable assumption that Nu = N+u is approximately equal to

+
N_u_ (N, is the respective positive and negative charge density at a distance
from the droplet(s); u + respective charge mobility) provides the droplet

charge as a function of time

Q = Qo (1 - exp (-4meNut)]

where Qo the equilibrium value of charge given by

N, U
KT +Yy4
Qo—a—é—ln N_ul.
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Thus, the effective charging time, v, is

T= 1/(4ne Nu).

The terrns as defined for terrestrial conditions are:

N, ~ambient charge density 300 - 500 ions/cm3
u zion mobility (mean value) 1.9 em? v 1 gec™!
u_/u+ =1. 4

t time in seconds

a droplet radius in cm

k Boltzmann constant

e unit charge

The equilibrium time must be considered as an approximation because the
charging mechanism normally removes ions from the region outside the
droplet and thus systematically decreases the ambient ion density, N, as a
function of time (assuming a realistic constant ion productio.. source). Thus
the equilibrium charge density N is also a function of droplet density. For
example, for ten ion pairs per cubic centimeter per second, the expected
ion density wili approximate 3400 ions/cm> while if 300 droplets/cm> with
10“3 cm radius are present, this ion density will be reduced to only 70 ions/

3
cm™,

Although the equilibrium distribution of charge on a cloud of droplets is not
2 function of the ionization level, the time to obtain equilibrium is a function
of this ionization level. Thus for experiments dealing with highly charged
droplets (charge effects on ice and dr-nlet collisions with charges greater
than a few tens of unit charges), the ionization level will control the rate at
which this charge will be neutralized and thus control the time frame in which
the experiment must be accomplise1, Near the earth's surface, the time
constant is around 103 sec (Te) while under worst case conditions in an earth
orbit (Table 6-3) this would be reduced to 102 seconds or less, Table 6-3
shows that selected periods of time could provide more than 103 sec while
mean anticipated conditions would result in a time constant between

T > T > 're/5 (noting that the time constant is inversely proportional to the

e o
ion concentration).
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Table 6-3
AMBIENT IONIZATION LEVEL

Ionization Level

Number of Ion Pairs Sec”™! cm™>
Orbit Inclination Spacelab
(deg) Min Max Terrestrial Nominal
0 3 14 10
30 5 22 10
45 10 42 10
60 30 130 10

The ionization level within a 200-mile earth orbit will only have an appreciable
effect on those experiments involving highly charged droplets. The conse-
quence would be a faster charge decay and this effect could be minimized by
appropriate selection of orbit inclination, orbit position,and solar activity
level. All other experiments would respond electrically as in a terrestrial
laboratory thus requiring the usual experimental precautions and procedures.
Gunn (Reference 30) provides an estimate of the expected charge distribution

on a cloud of droplets.

There are several relevant references concerning particle charging in an
ionized environment. The work by Takahasti (Reference 31) includes
empirical measurements on the effects of water surface double layer and of
evaporation (condensation) vapor pressure while the two papers by Borilov

and Sidunov (Reference 32) provide theoretical analysis.

6.3 ENGINEERING ANALYSIS

The formulation of the laboratory concept was based on supportive engineering
analyses. For the conduct of manual orbited experimentation, particular
emphasis was pla-ed on contamination, expendable quantities, thermal
control, and optics design features. These analyses are presented in the
following sections. Additional trade studies are presented in appropriate

sections of this report.



6.3.1 Contamination Assessment

Three classes of contamination have been evaluated as to their effect on the
CPL design and, where applicable, on Spacelab subsystems. These classes
are not in every respect independent of each other, and optimization of the
overall CPL design will require evaluation of the individual subsystems and
their interactions. The classes are defined as:

Class 1. Contamination external to CPL subassemblys and hardwar:
and generated either by the CPL equipment or by the Sp~.:«lab
equipment or environment,

Class 2. Internal cleanliness of CPL subsystems. This class is con-
fined to either open or closed subassemblies that are in
contact with the expendable working fluids and includes the
cloud chamber assemblies.

Class 3. Purity of all working fluids including air, water, and sample

gases,

To provide a generalized perspective of the CPL contamination aspects a
summary of terrestrial laboratory cleanliness experience factors are

presented.

6.3.1.1 Class 1 — External Contamination
Contamination generated by the CPL and Spacelab may affect either or both
assemblies. Contaminant sources assessed in this study are:

A. Thermal control system leakage

Acoustic fields

Electromagnetic fields
Vibration

Spacelab atmosphere

Mo 0w

Ambient pressure/temperature variations

Thermal Control System Leakage

Only water is used as a coolant in either the Spacelab or the CPL cloud
chamber cooling system. (Pure water is aiso used as one of the CPL
experimental fluids.) Based on the Skylab Orbital Workshop experience, the
fluid systems can be designed and assembled with almost nonexistent leakage,
and the leakage that does occur can be absorbed by the Spacelab dehumidifi-
cation systems. Corrosion inhibiters will be used, but at minute leak rates

no problems are expected,
6-47
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Ammonia heat pipes may be used in conjunction with cloud chambers assem-
blies. Amrunia is a toxic fluid, but the total amount is small, and relative
to the Spac:elab volume, will not approach the industrial threshold limit value
for 8-hou - exposure. Moreover, the ammonia will be quickly absorbed by
the Spacelab dehumidifier and lithim hydroxide canisters. No problem is

expected.

Experiment fluids are essentially terrestrial air with minute amounts of
contaminants added. Total quantities of the fluids are small and the Spacelab
atmosphere revitalization system can remove the trace contaminants due to

leakage or even catastrophic failure. No problem is anticipated.

Acoustic Fields and Vibration

Both acoustic and vibration fields can impact experiments by impairi:. g ability
to optically observe partial activity. Analysis is required to develop the

maximum, tolerable levels,

Electromagnetic Fields
The CPL will be designed to meet the electromagnetic compatibility (EMC)
requirements of MILL-E-6051D and MIL-STD-461A, which are imposed on

Shuttle and Spacelab. These requirements and criteria include, but are not
limited to grounding, electrical bonding, interface wire types/shielding,

and filtering.

Spacelab Atmosphere

The Spacelab and its payloads will be designed to a 100, 000 cleanliness level.
Trace contaminants that may affect this cleanliness level, and originating
within CPL, may result from leakage, outgassing, etc. These contaminants
will be monitored by onboard equipment and removed by the atmosphere
revitalization system. No effect on equipment or on optical viewing devices
is expected; nor will other Spacelab payloads be affected. Heat rejection of
CPL equipment is low (800 watts) and imposes no appreciable load on the
Spacelab ECLS,




Ambient Pressure/Temperature Fluctuations

Spacelab pressure is controlled to 14. 7 £ 0. 2 psia; temperature is controlled
to 22 £+ 4°C. Pressure of CPL experiments is controlied by CPL regulators
and is unaffected by Spacelab pressure changes. Based on Skylab Orbital
Workshop experience, the rate of change ~f the Spacelab ambient tempera-
ture will be very small and will have no effect on the control of experiment
sample humidity ani temperature over the 8 hour, or less, experiment
period. Additional damping can be expected because of the mass (thermal

capacitance) of the experiment equipment.

6.3.1,2 Class 2 — System Internal Cleanliness

Many cloud chamber experiments depend on the eftects of suspended particles
with known size and mass distribution. Results may be masked or invalidated
by effects of quantities of contaminants of unknown character. Initial cleaning
of the assembled CPL to a 100 class product cleanliness level (currently the
aerospace industry precisinn cleaning standard) can statistically result in
about the same number of residual contaminating particles in a test sample
as their are test nuclei. Experience and tests indicate, however, that loose
particles are removed by the cleaning methods, and particles remaining

after cleanliness verification are adhering to the internal surfaces and will
not materially affect sample quality since they will only slough off due to

flow of fluids, vibration, etc. Since launch will be the only significant source
of vibration following cleaning, it is recommended that the system be sub-
jected to a prepurge following CPL activation to remove launch-generated

garticulates,

Air and sample gases can also be carriers of contaminants and will affect
bnth test specimens and hardware through which they fl~v unless also filtered
during the storage tank filling operations. Thcse gases will also be filtered
prior to mixing of test samples, but it should be recognized that 0. 1 microm-
eter is currently about the best filtration that can be achieved, and this is in

the range of nuclei to be generated for experimentation.
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Relative to contamination of equip.nent hy test gas samples, evacuation,
purging and flushing of all affected equizment will follow each test, whenever
necessary. However, procedures will have to be developed and their

efficiencies determined by test in order to fully evaluate their effectiveness.

6.3.1.3 Working Fluid Purity

As previously noted (Subsection 6.3.1,2), air and sample gas cleanliness is a
factor in the gradual degradation of system cleanliness as well as a factor in
the purity of the test sample. These fluids are essentially inert, and thei:

effects are principally those associated with entrained contaminants.

Super-pure water may eventually be proven to be a requirement for success-
ful cloud physics experimentation. The following factors should be considered

before the requirements are finalized.

The CPL design should be consistent with the level of water purity. Mute-
rials should be used which will not react with water to avoid unwanted con-
taminants. The CPL initial cleanliness should be consistent with the level
of water purity. Residual sysiem contamination will lower water quality

regardless of its initial purity.

The GSE used to produce water and fill the CPL storage tank should be
consistent both as to material selection and cleanliness with the necessary

level of water purity.

The cloud chambhers will function essentially open loop and bacteria growth

can occur. Procedures .> prevent bacteria growth should be developed.

System components such as valves are a potential source of contamination

unless specially designed and developed for the application.

Super-pure water can be produced but at high cost. Considering the proba-
bility that its quality cannot be retained from initial distillation to final
usage, a compromise in water requirement with system design requirement

should be considered be.ore the final water specification is releasec.
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6.3.1.4 Terrestrial Laboratory Cleanliness Experience Factcrs

The diverse experiment areas in cloud microphysics coupled with the scattered
locations of the research units have preciuded formulation of a standardiza-
tion of cleaning procedures and cleanliness specifications, A general working
group is required to provide specific and quantitative specifications that would

be applicable to the multi-experiment ZG CPL program.

The following comments can ba made concerning the qualitative aspect of the

cloud physics cleanliness requirements,

Gas

The gas used during the experiments will contain normal atmospheric consti-

tuents., Sometimes a single component gas such as nitrogen woulu t . used as
compared with the normal oxygen/nitrogen combination existing in normal
commercial bottles of air, Two specific contaminants of this air have been

delineated, (a) gases, and (b) particulates,

Organic vapors from such sources as waxes, oils, perfume, terpenes (e.g.,
frcm tape adhesive) and plasticizers from most joft plastics will cause undesir-
able effe. ‘s on many of the cloud physics experiments. Laboratory usage has
indicated that air filtering through activated charcoal will eliminate most of

these organic vapors,

Particulates ~.n for the most part be removed by ''depth" type filters. Such
paper, fiber glass and cotton filters exist which possess filtration efficiencies
of 99.997% for DOP particles above 0.3 um. These ''depth’ filters also col-
lect much of the particulate matter well below th- absolute cutoff by diffusion
and electrostatic attracticn between the particles and the filter media. Recent
evidence has indicated that the thin membrane filters do not collect the sub
0.1 um particles nearly as efficizntly as has been thought in the past. Some
care must be made in filter selection but filters do exist which will satisfy

the "in-operation'' cleanliness requirements.

Fluids

Well distilled water using several distillation cycles with standard procedures

to avoid collection of the high vapor pressurc -ontaminants at the start of
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distillation and the resulting concentrated lower vapor pressure materials
toward the end of the distillation process are all that are ne . sary, Levels
of metal ions and atmospheric gases resulting from normal care during dis-
tillation are not detrimental to most of the cloud physics experiments as are
potential organic contaminations. Some chemical processing as with potas-
sium permanganate may be necessary to remove organic matter from the

water,

Deionized water is not recormmended because it contains large quantities of

those types of organic impurities that must be avoided.

Componert Cleaning

The purpose of the cleaning procedure is not on.y to remove dust particles and
dirt in the usual sense from the chamber and components surfaces but also to
remove organic films from the surfaces. Ordinarily most organic solvents
contain fairly large amounts of oil, paraffin, etc., !l of which are deleteri-
ous to cloud chamber operation. Acetnne has been used successfully {or the
initial cleaning. Other acceptable solvents may exist. Final cleaning with
condensing steam may be required to assure the surface cleanliness level.

A final test for surface cleanliness is observation of the way the water film
dries from the surface. The desired -esult has been obtained on glass when
water sheets off all surfaces and a continuous film remains and tends to dry
evenly, A dummy glass plate may be used as a representative test surface

in the cleaning of CPL components.

Fore those experiments wher= cleanliness is critical the appropriate chamber
components should be dismartled and cleaned after each mission, Special
attention sli..uld be given to keeping the optical surfaces clean. Flushing cf

the piumbing would probably be an acceptable procedure,

Materiuls

Cloud physics work has identified several materials that are not acceptable
while a few materials have been used routinely with no visable detrimental

affect..

The following ar~ examples of materials that should not be used,
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Soft plastics often give off the plasticizer. Tygon is an example of a
tubing that is not acceptable, Care should be taken not to cover sen-
sitive equipment with plastics that give off these vapors,

Terpenes, a component in the adhesive of tapes has been found to

generate Aitken nuclei and thus should be avoided.

. ne following are a few materials that have been widely used and are deemed

acceptable.

aluminum

but,. rubber
polyethyiene
aluminized mylar
stainless steel

teflon

The above list is not exhaustive. A general criteria that should apply to the

selection of materials is avoidance of materials that outgass over the work-

ing pressure range of the CPL., Usual considerations for material corrosion

resistance under high humidity conditions must also be given.

6.3.2 Air and Water Quantity Requirements

6.3.2.1 Air Quantity

The quantity of air used as the principal constituent of a test gas sample has

been derived from the requirements for experiment operations, clearing

purges, and cleansing purges for each experiment class,

The following assumptions were generated for the analysis:

A,

Number of daily fills of the humidification chamber and of nuclei
generator is two each,

Number of daily cleansing purges of subsystem equipment is two.
Cleansing purge consists of 20 flushes of equipment at 0. 25
atmosphere.

Clearing purge is performed between each experiment event

= number of events minus one.

Clearing purge consists of 5 flushes of equipment at 0, 25

atmospheres,
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F. Number of experiment events per day per class

- 8 hours of experiment time per day
1.5 x (nominal event time per event)

The following data were used to complete the analysis.

Figure 6-13 and layouts of the CPL define the maximr m humidification
chamber (HC) and nuclei generator assembly (NGA) dimensions. A 0.3 m:l

volume and L/D of 2, 5 has been selected for each.
Figure 6-14 defines the nominal experiment time by class,

Table 6-4 summarizes the results of the analysis using Figure 6-14 and

assumptions 1, 2, 4 and 6.
Table 6- 5 summarizes equipment volumes by experiment class.

Table 6- 6 and Table 6-7 summarizes the analysis results by experiment
class using Table 6-5 and assumptions 1 through 6.

As a consequence of the above analysis, the maximum air volume requirement
has been determined to be 45.9 m3 at standard atmospheric conditions. Four
Spacelab bottles with a total usable volume of 57.9 m3 have been selected for

gas storage.

0. 3. 2.2 Water Quantity
The water requirement for the CPL is based on usage of diffusion cloud
chambers wetted surfaces, the droplet/aerosol generators and by the

humidifier for sample gas humidification.

The following assumptions and estimates were used in determining the maxi-
mum water usage requirement:
A. Cloud chamber requirements are a function of wetted area and a
1. 0-mm film thickness.
B. Vapor trano‘port between upper and lower wetted surfaces consumes
a water volume equal to wetted surface volume.
C. Water flow to maintain clean surfaces within the CFD chamber is
1.0 ml per minute of experiment operation.
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Figure 6-14, Effective Experiment Observation Times

D. Water volume required by the droplet/aerosol generators is 250 ml.
E. Fifteen percent of the total stored air is humidified to 100 percent
relative humidity.

F. Water line volume is 100 ml.

Table 6-8 summarizes by experiment class the analysis results using the
above assumptions. A maximum requirement of 1. 582 liters has been
established. To provide adequate reserve a single 2,0 liter, positive

expulsion water tank has been selected.

6.3.3 Cloud Chamber Thermal Design
The CPL cloud chambers have thermal control requirements that include
temperature control in the range of -60°C to +35°C. For the largest portion
of the range (below +10°C), the Spacelab water loop temperature sink is

‘e to provide either temperature control or heat removal capability.
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Table 6-4

EXPERIMENT CLALS EVENTS AND OPERATIONS
REQUIRING SAMPLE GAS

Nominal
Experiment Single Number Number Number
Observation Event Event/ Experiment of of
Experiment Time Time Day Sample Gas Clearing Cleansing
Class (min) (min) (Typical) Fills Purges Purges

1 40 60 8 2 7 2
2 50 75 7 2 6 2
3 25 37.5 13 2 12 2
4 20 30 16 2 15 2
5 60 90 5 2 4 2
6 40 60 8 2 7 2
7 40 60 8 2 7 2
8 30 45 11 2 10 2
9 50 75 7 2 6 2
10 50 75 7 2 6 2
11 60 90 5 2 2
12 30 45 11 2 10 2
13 60 90 5 2 4 2
14 20 30 16 2 15 2
15 60 90 5 2 4 2
16 30 45 11 2 10 2
17 45 67.5 7 2 6 2
18 20 30 16 2 15 2
19 20 30 16 2 15 2
20 25 37.5 13 2 12 2
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Based on experiment timeline requirements and reliability considerations,
a configuration using thermoelectric modules has been selected to provide

temperature control below +10°C.

The fo'lowing assumptions were used in developing the thermoelectric
requirements:
A. CPL can reject a maxi-num of 150 watts at +7°C to the Spacelab.
B. Cloud chamber heat load is based on:
1. Ambient environment = 22°C
2. Internal environment = -40°C
3. Two glass view windows 50 mm diameter, 5 mm thick
4. Polyurethane foam insulation

Btu in,
hr of +2°F

Inside chamber dimensions = 400 mm x 100 mm

k = 0.14

o wnm

Insulation thickness = 60 mm

Cloud chamber cooling requirements were established by:

A. Calculating the steady state heat load on a typical cloud chamber
using polyurethane foam for insulation.

B. Selecting an existing thermoelectric module with a heat pumping
capacity two times larger than the calculated steady state heat load
to allow for rapid cool down.

C. Calculating the transient performance to determine the time
required to reach operating temperatures.

D. Sizing the heat storage device to adsorb excess heat (2150 watts)

during transient operation below -37*F.

Analysis indicates that for a cloud chamber heat load of 22 watts (calculation
based on assumption 2, above), ten two-stage thermoelectric modules (TEM)
are sufficient to allow for continuous chamber operation at -37°F. Fig-

ure 6-15 shows TEM steady state performance and Figure 6-16 shows
chamber chilldown time.

Continuous operation at less than -37°F is not possible without exceeding
Spacelab heat-rejection capability. However, transient operation using a
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rechargeable phase changing material is possible. N-pentadecane (C15 H3Z)
is a candidate material since it phase changes at 3.9°C. The amount of
material (10 kg) was calculated based on an assumed requirement for | hour
of operation at -50°C. At -40°C there is a capability for 6 hours of opera-

tion before the phase change material is completely melted.
Figure 6-17 shows the time to refreeze the phase change material as a
consequence of steady-state operation of the cloud chamber at temperatures

above -37°C.

6. 3.4 Cloud Chamber Optical Requirements

The optical requirements to conduct the experimentation identified was
evaluated in support of the optical and imaging devices subsystem equipment
definition. Evaluations were conducted for chamber visual access, focal
range, lighting, viewports, distortion calibration, data management require-
ments, optical interactions, holographs, resolution and special optical
requirements. The following sections detail the results of those evaluations.
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Figure 6-17. Phase Change Material Refreeze Time for 10 KG of C15H32

h.3.4.1 Chamber Visual Access

Four of the five experiment chambers require visual access to permit
observation and recording of the experiment events occurring within the
chamber. This access is needed for illumination of the interior and to pro-
vide a magnified view for the astronaut scientist's visual observations a .
both video and film cameras record the events. The viewports must be
large endugh to allow the desired field of view but not large enough to become
a significant therma) control perturbation. Of the four chambers, three have
round walls with three different radii, and one¢ has flat walls. Cylindrical
walls cause severe optical problems in achieving good detail resolution and
evenness of illumination. The chamber's depths varied from 7.5 to 20 cm.
Particles as small as 5 to 10 um are to be resolved. This calls for a long
working distance microscope with a variable working distance to accommo-
date all the chambers. To use one microscope whose working distance

fitted only 6ne chamber and consequently have » rotal of four different micro-
scopes was ulacceptable, The viewport solutic. . ...’apted is covered in detail
later. The overall configuration is shown in Figures 6-18 and 6-19. The
fifth chamber is the continuous flow diffusion charanber which is the primary
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chamber for Experiment Class 1 only. An optical particle size and distribu-
tion counter is the only optical observation and recording requirement and

therefore does not require optical access.

6.3.4.2 Focal Range

The particles cannot be fixed in the center of the chamber. The experiment
conditions within the chamber show that the particles may be at varying
distances from an observational viewport. The optics must accommodate a
set of scenes with dynamic focus requirements. The following table sum-
marizes these requirements. Near and far focus limits were developed as

+1/4 the chamber interior depth.

If we allow 5 cm additional to accommodate a viewport thickness, then the
distance from a focused particle plane to the vertex of the closest negative
lens of the zoom coupling optics will range from 8 to 35 cm. A paraxial
lens design was accomplished. It consisted of a positive and a negative lens.
The positive element moves fcr the zoom, changing its separation from the
negative element from 3. 44 cm to 7. 92 cm to meet the focus range of 35 cm

to 8 cm (see Figure 6-20), satisfying the chamber focus requirements.

Focus From
Chamber Wall

Chamber Near Far Chamber Depth
SDI 10 cm 30 cm 40 cm
SDL 3cm 17 ecm 15 cm
CFD None None 30 cm
EXP 3 cm 23 cm 30 cm
GEN 8 cm 23 cm 30 cm
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6.3.4.3 Lighting

Lighting of the experiment subject must be controlled not only in its intensity
but also in its directionality to control bounce light, duration, spectral
content (reduce particle heating), perhaps polarization and coherency.
Although both lighting and observational functions can be performed through
one optical access port by beam splitting, it is undesirable since flare light
will increase and mask particle detail. Particles would be front lighted on
an illuminated background — providing poor contrast. For a flat transparent
walled chamber, the lighting can be introduced from the side walls - crossing
in front of the observational optics (Figures 6-21 and 6-22). Depending on

the particles, front or side lighting may be appropriate.

Figure 6-21 illustrates the illumination module. A 60 to 100 w tungsten-

halogen bulb illumination is collimated and passed into the chamber either

DARK FIELD cRy6
\ SIDE
- LIGHTING
I A
\ ”
L
%
FRONT LIGHTING p FILTER
= COUPLING OPTICS
“COLD" FILTER
MIRROR CAMERA
W)
© 0O
MICROSCOPE
Figure 6-21, lilumination Module
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through flat transparent walls or a flat viewport. The Lulb is at the focus of
a spherical reflector but just slightly off axis. The reflector forms an
image of the rear side of the filament just above the filament. This tech-
nique recovers over 50 percent of the lamp illumination which would other-
wise be lost. The collimated light is directed by means of a '"cold'' mirror.
Both this flat mirror and the spherical mirror have dichroic coatings.
These coatings are reflective up to about 700 to 800 nmi where they begin to
transmit the heat producing IR. The bulb and socket will be demountable so
that a small xenon short-arc bulb (such as Illumination Industries, Inc.,
standard model FRT-6) can be inserted for strobed illumination. There is
provision for filters so both neutral density and polarizing filters may be

inserted if required.

6.3.4.4 Viewports

The cylindrical walled chambers (E, SDI, SDL) have three different wall
curvatures; 20, 15, and 7.5 cm. When observing through this equivalent
cylindrical lens, the refractive power lies in only one axis while the wall
behaves like a flat plate in the perpendicular axis. This refractive power
can be compensated if the observed particle lies on a radius that intersects
the wall at the point of observation. Images of particles not on this axis are
aberrated with the degree of aberration increasing rapidly as the particle
position departs farther and farther from the radius to the viewpoint. To
observe 5 to 10 um diameter particles with reasonable fields of view and a
focal depth is an impossible requirement. Observing through a flat wall
with changing chamber pressures introduces a much less severe class of
optical aberrations. These can be compensated in the coupling optics design
to achieve the required; resolution, field of view, and focal depth. This
problem is identical to microscopic observation through a cover glass.
Illumination can now be directed at various angles through the flat walls
without affecting the evenness of the level. Much as the window in a house,
the viewport can be a thermal leak that disturbs the chamber's thermal
control. By making a sealed double walled viewport, this problem is rmrini-
mized. Optically, no new aberrations are introduced with two flat walls.
These are equivalent to one flat wall whose thickness equals the sum of the
two walls' thickness. The viewport is assembled from a hollow cylinder of

glass and two flat circular pieces of glass which are glass soldered together.
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By specification, the flat pieces will be without birefrigent strain, and
without homogenity defects which degrade resolution when assembled. Flat
walled ports, costwise, are much cheaper and have more utility than using

compensating anamorphic optics for the circular chambers.

6.3.4.5 Distortion Calibration

In some of the experiments (classes 4, 10, 17) droplet dynamics trajectories
will be filmed and the individual frames photometrically reduced. The
optical system will require calibration to recover the tangential and radial
distortions. Since the focus will be changing during a filming sequence, the
distortion calibration must be made through the expected focal range and
magnification range. The method is simple and will be used only when

necessary.

6.3.4.6 Data Management Requirements

As the focus on the zoom optics is changed to follow a dynamic particle inter-
action, it will be necessary for the onboard computer to monitor and record
focal position as the astronaut changes it. This prevents distracting his

attention from the experiment's progress to record focus.

There is a general area of data management to support the optical subsystem
which can be described functionally. Within the magazine of each camera,

a data block will record on each film format enough information so that the
event recorded can be traced back to; the particular experiment performed,
the time the event occurred, and any other relevant data. The simplest
recording is a digital time block. The time line thus established can be
correlated on the ground with supporting data recorded by the Data Manage-
ment and Control Subsystem, Following is a summary of Data Management

Requirements.

Optical Suybsystem

Data Management Requirements

1. Record positions of focus zoom lens and magnifications zoom lens

throughout an experiment's conduct.
2. Provide digital time word for camera data block in camera magazine.
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3. Record camera ON and OFF times and number of frames taken,

Record film magazine in use for each experiment.

5. Provide digital time word for magnetic tape record (VIR) of video
operation.

Record output of optical particle counter with time tags.

Video Monitor:

a. Provides astronaut with wide angle view of chamber. Has reticle
defining field of view of microscope, or a grid with l-in. spacings
imposed on the field.

b. Provide checklist for experiment.

1) Setup

2) Camera, lens, illumination level and stroke rate, introvalometer
setting, filters or polarizer.

3) Magazine selection

4) Experiment procedure outline

5) Takedown and storage

c. Permits astronaut to review what he has done and how experiment has
progressed.

8. Provide video tape recorder of adequate capacity.

6.3.4.7 Optical Subsystems Interactions
There are five optical subsystems used in the chamber experiments. Any
combination of the five may be utilized in any experiment recording. The
five optical subsystems are:

1) Astronaut binocular microscope

2) Film camera

3) Video camera

4) Optical particle counter

5) Illumination subsystem

It is anticipated that the film camera will be high resolution, small field of
view recorder and the video camera will be the low resolution, large field of
view recorder. The astronaut will use a binocular microscope to view a
somewhat larger field than the film camera. This will provide him with a

viewfinder. Through his optics he will be able to; focus the cameras, center
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their fields of view, anticipate when moving particles are entering the field
of view 80 as to start recording and conserve film footage, and shift the field
of view slightly to capture unexpected dynamic particle movements. The
video camera, looking through another port to one side, will provide the
astronaut with a second perspective on the subject and with a much wider
field of view. This position may be beam split to accommodate an illumina-

tion subsystem (see Figures 6-18 and 6-19).

The astronaut will be able to maintain critical focus for the film camera with
a zoom lens called the coupling optics. This optical system focuses on a
specific field depth and sets the object at infinity for the succeeding optics.
The astronaut then utilizes the equivalent of a telescope to view the scene.
The film camera following a beam splitter can utilize a commercial lens
always focused at infinity but with a magnification zoom capability and
electronically controlled iris. Since zoom lenses (due to lens design limita-
tions) do not have the resolution capability of a fixed focus lens, a trade study
was ronducted to determine whether a set of fixed focus lenses of different
focal lengths is a better choice than a single zoom lens from the criteria of;
required resolution, field of view, operational utility, cost, reliability and
maintainability, and required interface controls with the Data Management

subsystem.

6.3.4.8 Holography

Some of the experiments involving clouds of particles such as; 8, 9, 12 and
17, require a depth of fields that cannot be obtained with lens type imaging.
Holographic recordings can be made of these clouds and magnification,

counting, etc. can be performed at a later date.

In the simplest case, all of the experiments (except for submicrometer
particle counting) could be recorded holographically. This would remove the
very small depth of field limitation of lens type imaging. However, the
holographic recording medium must have sufficient resolving power to
reconstruct the object wave. The required resolution depends on the object
size, type of hologram and the geometrical arrangement. For the in-line
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Gabor type hologram, which requires the least resolution, the recording
medium's resolution limit directly results in a limitation of image resolution.
An off azis Fourier transform holographic image is limited in field coverage
for a limitation in recording medium resolution. Since the spatial frequency
spectrum of the object wave is the same as that of the object to be recorded,
recording the object wave requires no more resolution than it requires to
record a direct lens generated image of the object. For off axis holograms,
the recording medium should be able to resolve at least twice the highest
frequency contained in the object spectrum. This is necessary to prevent
overlap between the image and the zero order flare light. To record the full
field of view, the recording medium must resolve the spatial frequencies
generated by the interference of the light from each object point with the

reference beam. This requireinent is different for each type of hologram.

Fog hologram cameras have been operated at a recording rate of 30 per
minute. The sample volume recorded was 7 cm3 (1 x 1 x 7 cm) with a
system resolution of 6 um. The laser was a pulsed ruby laser with a pulse

duration of 0.5 p second.

The use of holography is considered an advanced concept. It does permit
recording a great depth of field which is needed in a three dimensional vol-
ume when particle counting. There are several different optical configura-
tions, one of which canproducea 360-degree hologram. Inlieuofholography where
a stable cloud exists, the light can be collimated into a thin fan and the cloud
illuminated. A photograph is taken and then the fan plane is moved to a new
position in the cloud with the camera also advancing the same distance.
Another frame is exposed. Thus successive shots are taken of successive
layers in the cloud. Holographic techniques will not be considered at this

time due to time limitations, the advanced nature of the technique, and the

obvious cost increases.

6.3.4.9 Resolution

Visual: Under optimum viewing conditions the normal visual acuity is about

1 minute of arc. This extreme limit results in a strain on the eye. For
comfortable and continued observation 3 to 6 minutes of arc are very workable
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visual acuities. A very general rule of thumb is to use as much magnifica-
tion as the largest number of line pairs per millimeter to be observed. Thus
to observe 50 lp/mm, use 50X. If the astronaut is to observe 10 um
diameter particles, he will need 100X. The workable object acuity depends
upon the contrast with the background and the velocity of movement. To
insure that unfavorable viewing conditions can be met, we will use this

general ruie of thumb for viewing magnification.

Photographic: The lighting of the particles will be arranged so that they are

well illuminated with a well collimated source. The background will be kept
as dark as possible by controlling the bounce light inside the chambers,

This will maximize the contrast of the particles. The collimation of the light
and the diminished bounce light level should enhance detail contrast on
particles with sizes approaching one millimeter. The greater the image
contrast, the greater the resolution capacity of the film. For 1:1 imaging of
a 5 pm particle, a resolving power in the lens-film combination must be at
least 200 lp/mm. To insure a working resolution of 50-100 lp/mm, a magnifi-
cation of 4X is required. The zoom coupling optics has a 2:1 zoom capability
in order that particles 3 cm to 28 cm from the chamber wall car bte held in
focus. Thus one coupling optic will suffice for all five chamber sizes. By
maintaining a 5 cm entrance pupil diameter, the effective f/no. will be no
worse than {/8. 6 at normal atmospheric pressure. The diffraction limited
resolving power for this f/no. in 550 nm light is 228 lp/mm. This means
that two high contrast particles illuminated by 550 nm wavelength incoherent
light will just be resolved through this £f/8. 6 relative aperture if their
separation is no smaller than 4. 4 um. Therefore the numerical aperture of

the coupling zoom optics on the particle side will always be great enough to

resolve a 5 um particle at a distance of 28 ¢cm from the chamber wall.

Smaller particles can be detected provided the light they scatter into the

optics is sufficient to active the recording film.

Video: Unlike film whose horizontal and vertical resolution is the same, the

video camera vertical resolution is a function of the number of scan lines in
the raster while the horizontal resolution is a function of the video bandwidth.
Like film, both horizontal and vertical resolution is also a function of the

contrast or modulation in the object.
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Standard broadcast TV has a video bandwidth of 4 MHz. The video frame
has an aspect ratio of 4:3 originally set to conform to the standard motion
picture practice. TV resolution usually falls to half the center resolution
at the edges of the video frame. Video resolution is usually quoted as the
number of black lines distinguishable in a standard TV test chart, For a
cvuoted resolution of N lines (normally alternate black and white lines) the
width of each line is 1/N times the picture height. Note that a standard
horizontal resolution may be 300 lines as quoted, but due to the 4:3 aspect
ratio, the total number of alternate black and white lines that may be
resolved horizontally is 4/3 x 300 = 400 lines.

If a photographic tribar resolution target were imaged by a 525 line, 4 MHz,
30 frame/second, 35 mm target, vidicon and it is required that 2 TV lines
are required to always resolve one bar or one space in the tribar target,
then the video resolution will be 5 line pairs/mm on the target cathode.
Cempared to a film like Linagraph Shellburst whose high contrast resolution
is 125 line pairs per mm on a tribar target, this video resolution is 1/25 as

much.

The following table shows TV horizontal and vertical resolution of line pairs

per frame on | inch tube, 4:3, 30 frames/second.

Horizontal
Line Rate/Frame 4 MHz 8 MHz 16 MHz 32 MHz Vertical Center
525 400 650 1200 1490 340
1023 - 325 625 1200 650
1225 - 250 500 1000 7175

To enable the vidicon camera to match the resolution of the film camera,
the video scene must be magnified about 25X that of the film scene scale.
Or if the film camera uses a 50 mm focal length lens, the viden camera
must use a 1250 mm lens. If this appears raore practical to utilize th~
video camera as a wiile field, low resolution recorder, the astronaut can
use it for an overall chamber view which his microscope will not be able

to do.
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The vidicon enjoys two advantages over the film camera. When particles
are in motion, the duration of the ! orizontal scan on a resolution element
which is about 50 psec would t= wrufficient to stop motion of a just
resolved spot. The ordi..ar' -.licon tube is about 50X faster than a fast

silver halide film like Koduk !":3.al X Pan. The silicon diode array camera
is 10X as sensitive as th, ;d.con. The intensified silicon target camera is
10, 000X as sensitive a« tar vidicon. The illumination level is not expected

to he a problem. The sursitivity level and light range capability of the
vidicon should be adeguate for our needs. There is no overriding reason to
go to a high resoluticn camera from a resolution standpoint. The high reso-
lution camera, ionitor and camera control unit costs 1. 20X the standard
system besides being not compatible for real time transmission over the
Shuttle's standard video link.

6.3.4. 10 Special Optical Requiremeants

Stereo: Stereoscopic photography permits greater surface detail definition
and motion vector sensing than two dimernsional recordings can provide. The
requirement for stereo can be meat in various ways. The viewport can be
enlarged horizontally to about twice the dimension needed for monocular
viewing and a stereoscopic split field attachment added to the coupling optics.
Each 35 mm frame, for example, would record two fields with each {ield
taking up 24.5 x 18 mm of the full 24. 5 x 36 mm frame. Alternately, two
viewports can accommodate two camera systems, or one special camera hody
holding two lenses and one strip of film could b used. Considering simpli-
city, cost, and (inal results, it is concluded :hat the enlarged viewport and

detachable stereo attachment is the ocptimum solution.
Color: Some requirements for color recording have been established.

Polarimetry: Using polarized light to illuminate a cloud of ice and water
particles is a standard method to discriminate ice from water due to the
birefringent nature of the ice crystal. Filter holders are provided in the
light source housing and coupling optics mount for the polarizer and analyzer
filters. Color recording would give much better definition of a crystalline
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structure (Experiment 5, Ice Crystal Growth Habits). However image
conversion video systems are available that can convert the grey scale of a
black and white recording to a color scale. The eye has far greater color
scale discrimination than grey scale discrimination. MDAC has such a
system and has considerable experience in its ase.
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Section 7

TEST PHILOSOPHY AND PLAN AND SAFETY, RELIABILITY
AND MAINTAINABILITY ANALYSES

This section is comprised of four separate studies to support the CPL Project:
(1) Test Philosophy and Test Plan, (2) Preliminary System Safety Plan,
(3) Reliability Analysis, and (4) Maintainability Analysis.

7.1 TEST PHILOSOPHY AND TEST PLAN

The goal of the CPL test philosophy is a well-conceived test plan which will
prove technical performance and establish the necessary confidence to pro-
vide a versatile, user-oriented CPL that is safe for personnel and maximizes

mission success in the most cost-effective manner.

7.1.1 Test Philosophy

The test philcsophies associated with previous programs have required

testing to expected life at all levels of hardware and to abnormal design
environments. The previous programs have had to contend with technological
advances not anticipated in the initial planning phases and have had

multiple vehicles from which to gather reliability data. These programs
have had to contend with no capability for return from orbit for on-ground
maintenance and refurbishment. The benefit of sufficient resources for
several test units to verify their designs was 2lso a prime test philosophy

factor.

The Zero-Gravity Atmospheric Cloud Physics Experiment Laboratory (CPL)
has similar objectives for reliability and safety as these previous programs,
but can build upon their successes. The nature of the CPL, its maintainable
design, its operation in a room-ambient environment in the Spacelab, and the

availability of two CPL's for the 40-mission 10-year program all combine to
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dictate that the concepts used in planning past test programs can be adjusted
toward less ground testing, while meriting equally high confidence in system

performance.

A development test program encompasses supporting research and technology
results; development and qualification testing of parts, components, sub-
assemblies, and assemblies of subsystems; reliability testing of selected
items; repairability/maintainability testing of the smaller items;
development, qualification, maintenance, and maintainability testing

using major or vehicle level test articles; and flight testing of the completed

contract end item.

Assurance of reusability of the CPL through equipment life, maintainability,
and/or refurbishment begins with design and continues through component and
vehicle level testing to mission operations. The foundation of such assurance
is the intelligent design of components and subsystems for high inherent
reliability and long life. Accordingly, every economically practical means
of reducing to a functional minimum the number of failures that might occur

must be applied to the design effort.

In terms of reducing total maintenance hours to a minimum, it would be ideal
to achieve total elimination of failures. However, even if this were function-
ally possible to accomplish, the cost of providing the capability of trouble-
free service for the projected life of the CPL and proving it to a high level of
confidence would be prohibitive. The inevitable risk of unforeseen oper-
ational accidents, the fact that it is not feasible to totally eliminate failures,
and shear economics indicate a need for supplementary approaches and
techniques such as redundancy and failure-tolerant design. Design for high
reliability and judiciously planned and implemented testing will be used to
ensure the specified reusability and service life of the CPL.

The most cost effective general approach combines four philosophies
pertinent to design, analyses, and test.
A. Select existing hardware which is shown to have survived space
flight; research the history of that hardware to determine durations
of missions flown and the amount of testing accomplished to assure
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survival to (or beyond) that duration; introduce redundancy into
designs which include that hardware; utilize maintainability (M)
analyses to establish scheduled maintenance (M) procedures for
removal and replacement; and conduct qualification tests at higher
levels of assembly, e.g., subsystem, assembly level, for CPL
criteria.

Design new subsystem hardware to survive an economically reason-
able portion of CPL life; conduct 1evelopment and qualification
tests to establish and verify that survivability and, from a maintain-
ability (M) analysis, schedule removal and refurbishment/
replacement accordingly.

Determine, through reliability analyses that assembly/component
reliability meets CPL requirements and that failures which may
occur must be considered random failures, i.e., the probability
of a failure occurring on the first flight is as great as the prob-
ability of a failure occurring on any subsequent flights; introduce
redundance into designs which include that hardware, or accept
the risk of a random failure; remove and refurbish/replace as
necessary in ground maintenance (M).

Determine that a component/subassembly/assembly/subsystem
cannot be removed and replaced through scheduled or unscheduled
maintenance; design for survival through CPL environmental
criteria beyond expected life; and conduct development and qualifi-

cation tests to assure survival beyond design requirements

7.1.2 Test Plan

7.1.2.1 General
Efforts during Phases B and C of the CPL project will lead to updated
definitions of teat philosophy, test requirements, and test plans. Inkeeping
with the foregoing general approach, the following preliminary test require-
ments are established for the CPL:

A. Qualification testing is required for advanced development type

components and assemblies, when failure would result in loss of

life or Spacelab module.
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B. CQualification testing is not required at the component or assembly
levels for state of the art, previously qualified, and fully developed
and proven products that have been used successfully o. other
programs.

C. Verification by certification is required when failure would result
in loss of ability to conduct an experiment or meet all experiment
objectives.

D. Maximum use of means other than testing will be employed to
qualify all other failure modes of new parts: analysis, simulation,

inspection, and demonstration.

Development tests are performed to determine and evaluate design feasibility,
functional parameters, technical data, packaging and fabrication techniques,
and environmental limitations. This category includes tests designed to
demonstrate that the design meets the specified requirements, to identify
critical areas where design improvement may be required, or to identify
primary failure modes or critical environments. In addition, these tests

are used to demonstrate that the probability of passing qualification is
sufficiently high to warrant commitment of equipment to qualification test.
These tests may be conducted at any hardware or software level and include
compatibility or integration tests. The qualification tests are performed to

demonstrate specification compliance.

Three major test articles will be utilized in the ground test program for
subsystem and system integration and system level testing: (1) mockups;
(2) the functional model (FM); and (3) the project verification model (PVM),
Development of the ground support equipment (GSE) is accomplished in
connection with development of tne FM and PVM. The planning is to limit
the models to a minimum number and yet satisfy thc development and
operational requirements. An example of this is the utilization of the PVM

for multiple purposes discussed below.
Mockups are relatively inexpensive development tools which prove invaluable

in early verification of many facets of the design. The installation mockup,
which will be updated from Phase B and Phase C activities, will be
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maintained to reflect the current design as the design progresses toward the
operational phase. The mockup will consist of the complete interior and
necessary exterior portions of the CPL and will be used as a developrment

tool for optimizing man-system interface relationships.

The functional model is a development tool that is functionally equivalent to
an operational vehicle, but in a rack-and-panel type assembly. The FM can
utilize either nonqualified or qualified equipment and components. D:vel-p-
ment test hardware at the ccm onent, assembly, and subsystem levels will
be used to the maximum extent possible. In addition, the FM cnoraists of
qualifiable -type, prototype, flight equivalent. and sirnulated aerospace
vehicle equipment (AVE). The major objective of the FM is to perform
interface development testing among AVE subsystems and between AVE sub-
systems and GSE in preparation for support of the system-level integration
and development testing. The FM will be maintained at the factory as a
development tool for interface verification of later requirements for update

installation.

The project verification model (PVM) is used for multiple purposes. The
initial use of the PVM is to provide a check of the physical compatibility of
subsystemn design configurations early in their development. Nonoperational
subsystems are used for manufacturing development and tool fabrication.
The primary objectives are:

A. To verify manufacturing methods.
To check assembly procedures.
To assist in determining tooling requirements.

To establish control line and cable routing.

.

To establish electrical wire harness routing.
To verify component accessibility,

To develop and verify maintenance procedures,

ZOomEE 0w

To facilitate design change feedback.

To serve as an additional man system procedure definition tool.

—~

To verify mechanical clearances.
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To the maximum extent possible the PVM will utilize qualification test
hardware from the component, assembly, and subsystem level tests and
which has been refurbished to be equivalent to flight-qualified hardwzre.
Some time prior to completion of tool fabrication, these flight-equivalent
subsystems will be utilized in the PVM. From this time forward and prior
to GPL launch, the PVM includes people, procedures, facilities, and
production equipment and is used to verify development completion of the
CPL at the factory and at KSC. At the factory, the PVM will be used for
system integration testing, software development and operating procedure
development. This model will be produced in the same factory manufacturing
and testing facilities where the operational vehicle is produced. Following
manufacturing and checkout at the factory, the PVM will be used for integ-
gration activities. This model will be used for training, mission planning
purposes, development of baseline experiment data, as well as for the
installation of experiments and checkout of CPL modifications for update
installation. It is planned that the PVM will serve as the unit used for
verifying the interface between the CPL and the Spacelab before delivery of
the first flight CPL. Once the flight CPL is delivered, the PVM will become
the first ECC flight simulator.

Figure 7-1 shows the general schedule relationships of the various test
articles, along with the functions of each test article. Figure 7-2 presents
the scheduled sequence of events between authorization to proceed (ATP) and
first launch., It also shows the schedule relationship between development
program functions, such as design and development, and the major test
articles used in performing these functions. (The circled numbers on
Figures 7-1 and 7-2 are means of cross-referencing from one figure to the
other.) These figures serve as a preliminary basis for determining avail-
ability, from a schedule standpoint, of subordinate level test articles for

higher level testing.

7.1.2.2 Specific

A correlation of test requirements and test models is presented in

Figure 7-3. The matrix identifies which test model or unit is used to fulfill
each test requirement from component level through system level.
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Figure 7-3. Requirement/Model Matrix
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Test and test hardware (equivalent units) requirements were determined

at each level: Component, Level 7; Assembly, Level 6; Subsystem, Level 5;
and System, Level 4, These requirements, based on the test philosophy
delineated above and the subsystems technolcgy assessment, were inputs to

various tasks/subtasks of this study.

7.1.2.3 Source and Receiving Inspections and Tests
The objective of the planning for control of one-of-a-kind hardware procured

from subcontractors and suppliers was to receive and use such hardware with
little if any additional inspection or testing. Close coordination and on-the-
spot participation by cognizant contractor and subcontractor technical and
quality assurance personnel will be used to minimize documentation require-
ments and downstream assurance operations. Redundant inspections and
acceptance tests of procured items by the contractor will be avoided. New
quality requirements will not be imposed on suppliers of off-the-shelf items,
or on suppliers of items used on other programs where quality requirements
are at least as stringent as they are for the CPL. Documentation and
reporting requirements for subcontractors and suppliers will be minimized,

consistent with the requirements imposed on the contractor.

It is expected that this test philosophy and test plan may be updated as
additional detailed data are generated during the course of this project.

7.2 SYSTEM SAFETY PLAN
The purposes of this section are fourfold:
A. To present the Preliminary Syatem Safety Program Plan.
B. To provide the Hazard Review Checklist used in evaluating elements
at the system, subsystem, assembly and component levels.
C. To report the Preliminary Hazard Analysis for the zero-gravity
CPL assemblies and components.
D. To suggest a Preliminary System Safety Plan for the Phase B

CPL effort,

It is expected that the Preliminary System Safety Flan anc the Preliminary
Hazard Analysis will be updated as additional definition data are generated

during this project.
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System safety is a prime consideration in CPL design, production, and
operations to minimize the potential hazards to ground and flight crews of
the Shuttle /Spacelab and to assure compatibility with their safety interface
criteria. Safety evaluations are closely coordinated with reliability and
maintainability evaluations to assure satisfactory risk control approaches.
The laboratory configuration has been assessed to identify significant
potential safety hazards. Related safety provisions and approaches have
been reviewed, where data are available, for man-rated programs such as
the Skylab, Saturn, Shuttle, Spacelab, and the Tug to better apply past
experience and to assure compatibility. General system safety criteria
and decision approaches have been developed to be applied in subsequent
design and operations phases and in an updated System Safety Plan to be

formulated in the subsequent program phase.

7.2.1 Systermn Safety Program Plan

1.0 Scope and Objective

1.1 Scope
This plan defines the activities conducted by MDAC in imple-
menting a System Safety Program for the Zero Gravity Atmospheric

Cloud Physics Experiment Laboratory (CPL).

1.2 Objective
The objective of this plan is to outline the methods to be utilized

in developing safety design characteristics,
2.0 Definitions
2.1 Hazard Classification
Identified hazards are evaluated and classified as follows:
2.1.1 Safety Catastrophic. Condition(s) such that environment
personnel error, design characteristics, procedural

deficiencies, or subsystem malfunction will cause system
or personnel loss,

2.1.2 Safety Critical. Condition(s) such that er.vironment, per-
sonnel error, design characteristics, procedural defic-
iencies, or subsystem malfunction can be counteracted by
urgent crew action (no time available for ground/flight
crew analysis) to prevent system or personnel loss.
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2.2

3.0

3.1

2.1.3 Safety Marginal. Condition(s) such that env-ronment,
personnel error, design characteristics. procedural defi-
ciencies, or subsystems malfunction can be counteracted
or controlled with time available for ground/flight crew
analysis to prevent system and/or personnel loss.

2.1.4 Safety Ne&ligible. Condition(s) such that personnel error,
design characteristics, procedural deficiencies, or sub-
system failure will not result in system or personnel loss.

Hazard Reduction Precedence Sequence

To eliminate or control hazards, the following sequence or com-

bination of items shall be used as a minimum:

2.2.1 Design for Minimum Hazard., The major goal turoughout
the design phase shall be to ensure inherent safety through
the selection of appropriate design features as fail safe/
fail safe combinations and appropriate safety factors.
Hazards shall be eliminated by design where possible.
Damage control, containment and isolation of potential
hazards shall be included in design considerations.

2.2.2 Safety Devices. Known hazards wh:ch cannot be eliminated
through design selection shall be reduced to an acceptable
level through the use of appropriate safety devices as part
of the system, subsystem, or equipment.

2.2.3 Warning Devices. Where it is not possible to preclude the
existence or occurrence of a known hazard, devices shall
be employed for the timely detection of the condition and
the generation of an adequate warning signal. Warning sig-
nals and their application shall be designed to minimize
the probability of wrong signals or of improper personnel
reaction to the signal.

2.2.4 Special Procedures. Where it is not possible to reduce the
magnitude of an existing or potential hazard through design,
or the use of safety and warning devices, special pro-
cedures shall be develuped to counter hazardous conditions
for enhancement of ground and flight crew safety. Pre-
cautionary notations shall be standardized.

Systerr oafety Tasks

Safety Analysis

The identification of hazards is accomplished by applying the safety
criteria to the system concepts/design and to the operation
concepts/plans.
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The application of the safety criteria results in the cause and
effect displayed as a hazard analysis. The hazard analysis is
guided by the undesired event, energy source, system/subsystem

function/event, and the operational flow of the system.

As the hazards are identified, the proposed solutions are
reevaluated against the system and operations to assure that the
impact of the solution will not provide an undesired effect upon the

system,

The technique applied is tl z I'reliminary Hazard Analysis. This
analysis is performed to show gross hazards in all program events
for cquipment and operations. The purpose of this analysis is to
develop a complete understanding of the system and identify areas
where control of the hazard can be accomplished by prudent design
or functional controls. The process is iterative in nature and

results in improved system design,

3.1.1 Preliminary Hazard Analysis (PHA). A PHA has been
conducted as the initial system safety analysis task. This
analysis has been a general qualitative study of the sub-
system in its cperating environment to detect and define
potential hazards. This analysis has identified features
which can impair mission capability through accidental
damage or loss and aid in developing steps which can be
taken to ensure that these features are avoided.

3.1.2 Hazards Analysis Action. All analyses developed are
coordirated with the appropriate design or operations group
for their concurrence. The information developed has been
utilized to control the hazards identified through application
to the design by the responsible engineering group. If
adequate resolution cannot be accomplished at the designer
level, the hazard data is submitted to the management level
for resolution.

7.2.2 Hazard Review Checklist
A typical Hazard Review Checklist is shown in Table 7-1 and shows the

various factors (listed alphabetically) that must be considered in the design of
the system to minimize potential hazards.
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Table 7-1
HAZARD REVIEW CHECKLIST

1. Acceleration 12, Pressure
2. Contamination 13, Radiation
3. Corrosion 14, Replacement, chemical
4. Dissociation, chemical 15, Shock
5. Electrical 16. Stress Concentrations
6. Explosion 17. Stress Reversals
7. Fire lo. Structural Damage or
8. Heat and Temperature Failure
9. Leakage 19.  Toxicity

10. Moisture 20. Vibration and Noise

11. Osxidation 2l. Weather and Environment

The CPL elements at the assembly and component levzls have been evaluated
using this checklist. The results of this preliminary evaluation are
presented in the next subsection.

7.2.3 Hazard Analysis

An analysis has been conducted at the assembly and component levels to

identify potential safety hazards. This analysis has been based iargely on
. unctional Operation and Subsystem Definitions, in conjunction with the
System bafety Program Plan and the Hazard Review Chscklist as outlined
above.

The results of this analysis are summarized in Table 7-2. Even though
selections have not been made from among the candidate assemblies and com-
ponents, the conclusions are: (1) none are in the safety-catastrophic class-
ification; (2) a few are in the safety-critical classification; (3) most are in

the safety-marginal or safety-negligible classifications; and (4) these hazards
can be reduced by applying one or more of tiie methods described in the

above System Safety Program Plan, Hazard Reduction Precedence Saquence.
Following are thu definitions of the column headings in Table 7-2.
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Hazardous Material/Operation/Condition — This column carries information

as to whether the material is toxic, radioactive, corrosive, etc.; whether
the operation may cause a hazardous condition to exist; or whether the con-

ditions of pressure, temperature, voltages, etc., are present,

Possible Incident — This column identifies the incident which is associated

with the related hazardous condition.

Worst Probable Consequence — This column provides an estirate of the con-

sequences to the system caused by the incident.

Hazard Category — This column identifies the level of the hazard as defined

above in the Safety Program Plan.

Method of Hazard Reduction — This column identifies the method(s) most

likely to be applied to reduce the hazards to be within acceptable limits.

7.2.4 System Safety Plan for Phase B

1.0 Safety
The primary goals of the safety program are the assurance
(1) that the CPL can be safely produced, and (2) that the delivered
CPL is safe, both by itself and in conjunction with other oper-
ational elements of the Space Shuttle system. To accomplish this,
the safety program includes activities in design, development,

test, manufacturing, and operations.

System safety engineering efforts during design and development
will be directed primarily toward: (1) hazard analyses; (2) resid-

ual hazard reporting; and (3) hazard corrective action,

During manufacturing, test and operations safety will be achieved
through four features of the safety program. These are:

o Review of safety significant operations

e Assignment of safety monitors at each major manu-
facturing operation
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e Audit of safety by employe safety personnel on a
continuing basis

® Periodic consideration of each operation and accompanying
hazards by an Engineering/Employe Safety Committee.

System Safety

Safety requirements and considerations will be a contributing
factor to the selection of design, test locations, and manufacturing
operations. Studies will continue to be made as required to verify
minimum hazard exposure and acceptability of design and pro-

duction characteristics with regard to safety.

Safety Criteria

Safety criteria will be developed where required to provide guide-
lines and constraints applicable to the CPL system. Safety data,
based on MSC 00134 Space Flight Hazards Catalog and S-1VB/
Skylab safety studies will be incorporated in vehicle and GSE
requirements. Safety requirements will also be incorporated in

vendor and subcontractor work packages.

Hazard Analysis

Hazard analysis is the keystone of the safety program. Hazard
analyses will be updated and refined by design feedback, design
review data, test planning information, potentially hazard oper-
ations review, operational planning information, and safety
analysis of operations data from field sites. Additional sources
of updating information are the Failure Mode and Effect Analysis
(FMEA), and failure reports generated by Quality Assurance.
Residual risk will be reported to NASA.

Hazard analyses will be used in the design and development
process as a criterion against which the safety characteristics of
the system or operation can be evaluated and as a checklist to

assure that proper corrective action has been taken.

1
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Preliminary Hazard Analysis

During this part of the hazard analysis, potential hazard areas
will be identified by criteria including energy sources, suscepti-
bility to environmental influence, fire and explosion potential, and

toxicity.

System Hazard Analysis

The system hazard analysis will identify hazardous events in the
system such as fire or vent/relief failure and will evaluate these
in the light of effect on the system considering causative mech-
anisms and protective measures available which eliminate the
hazard, reduce exposure, or minimize the probability of

occurrence.

Hazard Corrective Action

The hazard corrective action system will be maintained by System
Safety Engineering. The main feature of this system will be
corrective action at the lowest feasible functional level by direct
interface between safety and the responsible functional
organization. For more complex hazards, and those where
resolution cannot be obtained, successively higher management

levels will be brought in until solution is obtained.

Hazards identified will be considered closed only when eliminated
or reduced to an acceptable level as evidenced by NASA concurrence
of a residual hazard report. Closures will be confirmed by suc-

cessful test or analysis, as required.

Test/Operation Safety

Operations in the areas of manufacturing, test, checkout, handling,
and transportation will be selected by system safety and evaluated
by a Safety Significant Operations (SSO) review to assure minimum
probability of CPL or facility damage or personnel injury.
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The SSO review will identify, evaluate, and recommend corrective
actions for hazards based upon safety and reliability analyses
resulting from: (1) the design effort; (2) OSHA and NASA criteria;
(3) quality assurance, facility and manufacturing requirements;

and (4) functional analyses of the operations.

Contamination Assessment

Analysis of potential contamination sources from the CPL will be
made. Contamination sources will include equipment capable of
producing effluents or environments deleterious to crew safety,
laboratory experiments, the Spacelab, or other payloads. Typical
contaminants include sample gas leakage, light, noise, heat, and
radio frequency interference (RFI). This assessment will be used
to support formulation of a subsystem contamination specification.
Wherever possible subsystem design features will be identified to

eliminate or minimize contamination sources,.

Material Control Program

A material control program and the iastitution of criteria for
materials acceptability will be included in the design requirements
specifications for the experiment laboratory and ancillary sub-
systems. A material control program, developed by MDAC and
used extensively in manned simulator tests and in the Skylab pro-
gram, provides a comprehensive computerized up-to-date list of
materials which includes data from NASA, Air Force, and MDAC.
The materials listed have been screened for flammability and out-
gassing and are grouped according to usage. The MDAC Materials
Information Desk also has a computerized listing of the screening
tests and acceptance criteria for each category, including com-
hustion rate, CO outgassing, total organics (as CHy4), electrical
wiring, and electrical overload. The MDAC materials control pro-
gram also includes provisions for additional testing of materials
used in the construction of the experiment laboratory and ancillary
subsystems, for the identification of individual outgassing products

whenever such data are not available in the data bank.
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7.3 RELIABILITY ANALYSIS
The reliability recommendations are based on cost-per-flight valves. This
analysis summarizes the impact of various reliability levels in terms of
total program costs. These impact calculations reveal that the baseline
MIL-STD equivalent reliability level would provide:

A. The lowest relative acquisition cost (DDT&E plus production).

B. The lowest relative total program cost,

C. Increased relative costs for flight and ground operations,

and for Spacelab and Shuttle allocations.

The calculations confirm the selection of the MIL-STD equivalent reliability
level as the baseline for the Zero Gravity Atmospheric Cloud Physics Experi-

ment Laboratory, based both on total program cost and on cost per flight,

7.3.1 Pumose

The purpose of the reliability analysis is to proviae guidance and recom-
mendations concerning reliability provisions to personnel making CPL

program, design, and equipment definition decisions.

7.3.2 Objectives
A, Estimate reasonable ranges of CPL reliability for minimum pro-

gram costs including maintainability range considerations.

B. Define ranges of CPL reliability for reasonable goals, make
preliminary allocations to subsystems, and define elements to be
included in subsystem and equipment allocations when equipment
definition is more specific,

C. Define potential significant reliability problem areas and guidance

to attack or avoid such problems,

7.3.3 Approach and Assumptions

7.3.3.1 Reliability ~ Cost Evaluation and Goals
The following summarizes the approach used in estimating rcliability and

goals in relation to costs.
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Initial Q (Unreliability) Estimate

An initial estimate was made from early available system definition of CPL

mission unreliability (Q) based on subsystem/equipment failure rate csti-
mates., An average effective mission operating time including stress factors
(30 hours effective) assuming an average mission CPL use time of 40 hours
was estimated. Assume a program on the order of a MIL-STD-program for the
base estimate from which the subsequent parametric variations was made.

(The initial or base Q was estimated as 0.024, Refer to Table 7-3 under the
MIL-STD, NOM, nominal column.) Redundancy as a maximum of on the

order of 20 percent of the tutal equipment failure rate for sensing and con-

trol of possible safety hazards and for potentially practical mission-success

improvements was assumed,

Reliability Level — Acquisition Cost '"Z'' Factor

A relatively simple relationship yielding the generally accepted reliability-
cost trend that acquisition costs increase at a monotonically increasing

rate as the Q approaches zero was defined (see Figure 7-4). This Z factor
relationship was used in the subsequent evaluations to estimate the CPL
acquisition (DDT&E plus production) cost impact of reliability program level

changes,

Reliability Level = Q-Program Cost Relationships

A mathematical relationship was developed for total average CPL program
costs per mission variable with reliability level as a function of the 'Z" pro-
gram equivalent reliability level and base Q estimate variations, From this
a relationship was developed for a minimum program cost "'Z'" reliability
level as a function of Q estimate variations (Subsection 7,3.6). The QSTD or
nominal base CPL unreliability estimate was used as the starting point for
variations, Program costs that are judged not to vary significantly with CPL
reliability level were not included in the relationship since such have negli-
gible impact on the indicated minimum cost points, For example, in-flight
maintenance action and cost variations with Q changes were assumed negli-
gible for this evaluation, The average costs estimated per mission were
those variable above some essentially constant base. Spacelab (S/1.) and

Shuttle reliabilities were assumed as 1,0,
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HI-REL,Z 1/ -8
~a
— GOOD COMMERCIAL LEVEL, 2 = 2 2
{EQUIVALENT RELIABILITY PROGRAM LEVEL) g
-
ER-TX EQUIVALENT, 2 = 1/2 g
w
2
<
-2 #
MILSTD EQUIVALENT LEVEL, 2 - 1
-
i
| | [ . P
2 1 Y} 02 )
2 < RELATIVE UNRELIABILITY = GI/QSTD
EQUIVALENT SYSTEM RELIABILITY LEVEL
PARTS, SYSTEM DESIGN, ANALYSIS, GOOD ER.TX
EMPHASIS, CONTAOLS, PROCE DURES) COMMERCIAL MILSTD REL MI-REL
2. ESTIMATE OF RELATIVE Q (OR At = X) ) 1 " "
TO DEFINE GROBS RELATIVE TRENDS
2 - O/QBTD, O = 2 {QSTD)
ESTIMATE OF RELATIVE COSY IACQUISITION, DOTSE "2 ' 2 s

+ PRODUCTION PROGRAM) TO DEFINE GROSS RELA-
TIVE TRENDS. 1/2 - Ci/CSTD; Ci - CSTD/2

csTO/Ci = 2 = QUOSTD

$O. CiOi = ICSTDIQSTD = CONSTANT, 1S THE ESTIMATOR USED YO DEFINE THE GENERAL RELATIONSIIP OF SYSTEM
ACOUISITION COST WITH UNRELIABILITY (1-RELIABILITY). FOR EXAMPLE, 1/8 THE UNRELIABILITY WiLL COST ON

THE ORDER OF FIVE TIMES AS MUCH

NOTE: EA-TX - ESTABLISHED RELIABILITY LEVEL, EXTRA TESTING MAY BE REQUIRED.

Figure 74, Z Estimator Used 10 Relate System Acquisition Cost Trends to Program Equivalent Reliabllity Loveh
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Initial Cost Estimates

Program cost estimates based on previous CPL studies were obtained from
the MDAC-CPL cost and schedule activity, Such costs related to a program
were assumed that are equivalent basically to a MIL-STD program in areas
such as design and reliability analyses, parts quality, testing, controls,

reliability emphasis, and program provirions.

Minimum Cost "'Z'" Level

Exercise the minimum cost ""Z" factor model through a range of Q estimates
to indicate least program cost reliability levels and perform a comparison

with the program cost model results (see Figure 7-5).

Exercise Q Program Cost Relationship

The program cost model was exercised through various ranges of parameters
to illustrate minimum CPL program costs as a function of equivalent relia-
bility program level, of a range of Q es imate potential error, and Spacelab
and Shuttle allocated flight costs,

A. Equation 4 (Subsection 7.3. 6) was exercised through ranges of param-
eters and tabulated in Table 7-3. The starting point was the uominal
(nom) Q estimate under the MIL-STD program column and its CA
acquigsiticn cost estimate. The acquisition costs vary by reliability
"Z' level but were assumed constant within each equivalent reliability
level regardiess of the reliability estimate variation considered
within that reliability level. The "Z" or reliability level factors
were applied from Figure 7-4,

B. Figure 7-6 was developed to illustrate the CPL-only costs for a
range of Q, plotting the Qi nom (nominal) estimate for each relia-
bility level from Table 7-3 as the abscissa and including the effects
of an error potential in the Qi nom estimate on combined CPL-only
costs, Repair cost estimates were varied through a substantial
r1ange by varying mean-man-hour-per-repair estimates.

C. Figure 7-7 was developed to compare CPL-only costs and Spacelal
plus Shuttle allocated costs lost due to CPL failure as a function of
reliability level (Qi nominal as abscissa) and a range of Q estimate

1728
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Figure 7-6. CPL-Only Costs per Mission Estimates for Costs Variable With CPL Reliability Levet
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possible variations. One quarter was used as the Spacelab and

one eight as the Shuttle flight cost allocations to a CPL mission. A
possible error range of one to ten times the initial Q estimate was
covered in this and subseqnent figures.

The CPL-only and Spacelab and Shuttle allocated costs were com-
bined to form total CPL costs per mission variable with reliability
level for a range of Q estimates (illustrated in Figure 7-8).
Equation 4 was modified to vary the portion of Spacelab and Shuttle
flight costs allocated to the CPL mission (E and G factors were
varied in Equation 2), This was tabulated in Table 7-3, and illu-
strates the effect on indicated minimum costs for a range of Q esti-

mates in Figure 7-9, judged the most significant illustration in

this exercise,

7-32



198377 Aujiqes(ay ludieainb] AqQ SBISWNST 1300 UOISSIY |810] 14D ‘8-, 84nBi4

(ALINBYINIY NOISSIN — L =) JLVYNILSI ALITISVITIUNN TVNINON 14D — 10

800 »Z0'0 7100 000
10 €00 Z00 h 100 h €000 A
I T T ¥ Yy
—— P Ty,
ALVNLLSA T X 1'0 = O INYL 41 o
S
JLYWILS3 O = O 3NHL 31
~{m90
o b
S - S— <!
3LVAILSI O X EE =0 ANYL 41 >3
W~
{013 "30NVHI10L ‘30VIHILNI —{no'L 2,
‘3781SS04 0390NF YOHY3 mao
JLVNILS3 40 NOID3IY SIHL) 8
24
I\l\u\l\ll' >
3LVWILSI D X Ol = D 3NYL 41 3@
~wst C3
>>
2a
Z=2Z"IVIDHINWID Qoo- Co
23
y m3
L=Z " T3AITUINTIVAIN 5 QLS — ~{woz g
m
Tz
2158 X1- gz
Crb - Z 158 X1-H3 - .m
t X°]
~wsz E£%
(8/WG'0t) O = S50 31LLNHS wm
(?/WE) T = SSOT /S ol
"S3SSO1 1HOJSNVE L SIANTONI LD =8
{1 378V INV ¥ NC 3 WCu4) a
-1 NOE
S/L = Z ‘'WVHDOUd 13U-IH
wese

QM)

7-33

AR TN w(



{1 38V.L ONV ¥ ND3 WOH )

51500 POIE30|[Y SRINYS PuE /S Pue SBIBWIST D
74D Jo 9Bury © 10} 19487 ANIGRIISY 14D AQ PIGELIEA $150D 4O SaIRWIST 1500 LOISSI 11301 14D 6-L 8Bty

3LVWILSI ALITIGVITIUNN TYNINON 1dD - 1D

8»0°0 »20°0 zio'o 8»00'0

I Py P N

1’0
0 o L
9L/s i ! ///_l/llt
8/l v/ ‘ hg
v/L z/L -
0 0 ot
v T o1 —
FILLNHS s {(4OHH3)
1S30
IWNTIV4E 14D D 3nul
04 OIOUYHD
1502 1HOIN4
40 NOILHOd

9Lud

1 ) 1 v

WYHO0Ud
INFTVAINDI T13U-IH =

ﬁl Sit=2
Z/L = Z “13A31 LNFTVAINDI X1-H3
1 = Z “13A3 ANTFTVAIND3 Q1SN

= Z = Z "13A317 TVIOUINWOD

wWo't

NSl

($ NOITVIN = W) T3AIT ALITIGVITIY HLIM 3T18VINVA
SLSCI HO4 NOISSIN 14D H3d QILVNILSI SLSOD TV1O0L — LD

7-34

R T S



7. .. 4+ Observations, Conclusions, and Recommendations

7.3.4.1 Reliability Level — Acquisition Cost Estimator
The ""Z' estimator of Figure 7-4 gave reasonable trends of CPL acquisition

costs with reliability level variations,

7.3.4. 2 Minimum Cost Reliability Level Indicator

The Figure 7-5 plot of Equation 7 for minimum cost "Z" reliability level
compared well, as it should, with the indications of the Figure 7-8 plot
of Equation 4 variations. In both illustrations, Spacelab and Shuttle

allocated flight costs were 1/4 and 1/8 of total, respectively.

7.3.4.3 CPL-Only Program Costs

When CPL-only costs were considered, as in Figure 7-6 (illustration of
portions of the Table 7-3 estimates), the apparent conclusion was that the
CPL should be aimed at a comrmercial level, low acquisition cost program,

Safety considerations impacted such a conclusion in some equipment areas.

7.3.4.4 Corrective Maintenance-Repair Costs

The costs of corrective maintenance for CPL equipment malfunc¢.on repairs
were not expected to be a significant portion of program cost estimates as
illustrated in Figure 7-5, even for mean-times-to-repair considered quite
high (on the order of 10 to 60 man-hours per repair). Following maintain-
ability design principles considered reasonable and normal should suffice

considering the corrective maintenance impact on total program costs.

7.3.4.5 Scheduled Maintenance Costs

Scheduled maintenance costs, such as configuration changes, servicing,
calibration, refurbishment, or overhaul, were expected to be the significant
program costs where the benefits of good maintainability design and proce-
dures were significant. Such costs were judged to be not variable with CPL
reliability level and, therefore, were not included in the relationships used

in this exer-ise. They were considered part of the basically fixed costs

1.3
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which form a floor to the costs variable with reliability level estimated for
this exercise, though such maintenance costs should be quite sensitive to

changes in maintainability or other parameters,

7.3.4.6 CPL-Only Costs and Spacelab and Shuttle Costs

If 1/4 of the Spacelab flight costs and 1/8 of the Shuttle flight costs were
charged to a CPL mission, such expected lost costs due to CPL failure
became significant as illustrated in Figure 7-7. Some charge for transpor-
tation costs or fare was a reasonable approach in searching for a least-cost
program. No attempt was maae in this exercise to include interest and time
factors to relate average mission costs to present worth or related values

since such were judged unnecessarily precise in this preliminary analysis.

7.3.4.7 Total CPL Mission Variable Costs and Recomrnended Reliability
Level

Figure 7-8 (in combining the Fiqure 7-7 CPL and Spacelab plus Shuttle

flight costs) indicated that if the inital Q (unreliability) estimate based on a
MIL-STD equivalent program of 0.024 were true, the minimum cost point
was for a commercial equivalent level program (higher Q, lower reliability
and cost). However, such initial Q estimates based on gross equipment and
parts estirnates was expected to increase. Also, for a two-system program
in an environinent that can be expected to be extremely economy conscious,
it can be expected that the resources and time will not be available for the
extensive analysis, testing, and redesign needed to totally eliminate the
interface and tolerance interaction potential problems that will arise in the
development and integration of a mix of instrumentation such as the CPL,

A final Q of on the order ten times the inital estimate is possible. Fig-

ure 7-8 indicates that if the resulting Q should include that 10X degradation
or Q estimate error ifactors, the CPL should be developed under a program
at least as stringent as a MIL-STD equivalent program. The actual program
should be some mix of good commercial items where their performance
under the expected environments is reasonably assured, MIL-STD equivalent
parts and procedures as a general practice, and relatively stringent

reliability evaluation and controls on components considered suspect,
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critical to mission success or crucial to safety. This exercise at the
present development stage did not attempt to make various reliability level

recommendations to specific subsystems or equipments.

7.3.4.8 Total CPL Mission Variable Costs with Transportation Cost
Charges

Figure 7-8 illustrates the effect on the minimum-cost Q for combinations of
variations in the Q estimate error (one times to ten times initial estimate)
and in the portion of the Spacelab and Shuttle flight costs allocated to a CPL
mission. As larger portions of the Spacelab and Shuttle flight costs are
allocated to the CPL, the Q or reliability level of the CPIL program should
increase to more extensive and expensive programs to achieve a minimum

CPL program cost,

7.3.4.9 CPL Reliability Level

The results of the study indicate that while the overall CPL need not be directed
at a high reliability program such as appropriate to systems crucial to

men's survival or to long-duration space probes, it should not be directed

at the least expensive collection of equipments possible, As in most

questions, the best target is somewhere between the extremes,

7.3.4.10 Reliability Goal and Preliminary Allocations

A CPL MIL-STD reliability level ecuaivalent program for minimum program
costs can be expected to yield CPL ...ission success reliability of from
0.98 to 0.8. Since a major uncertainity is the degree of degradation to

be caused by interface interactions, a logical CPL goal would be 0.98

with the expectation that allocations to individual subsystems and

equipment based on the 0.98 would not include the interface factors.
Therefore, such interface factors would degrade the CPL resulting
reliability below the 0.98 product of the subsystem reliabilities but

still result in an acceptable CPL reliability result. Figure 7-10 gives the

CPL cost as a function of reliability level.
7.3.4.11 Future Reliability Allocations

Allocation to subsystems and equipments when subsystem definition is
expanded should certainly be more equitable than the equal unreliability
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distribution to subsystems,

Future allocation should consider expected

reliability based on relative complexity or sensitivity to environments,

operating time per mission, portion of total missions on which used,

signi-

ficance or criticality to mission success, redundancy or al‘ernate paths to

acceptable performance including the practicality of in-flight maintenance,

and safety impacts,

7.3.5 CPL Program Cost — Reliability Relationships

Relationships used to relate changes in total CPL program cost to CPL

equivalent reliability levels are described below,

The total CPL program cost would include at least the following factors:

Cost Total =

Acquxsltxon

e

DDTLE

Production

+ CPL +

Flight
OPS

/

Launch

Suppor
In-F1 ig ht Repair

(Negligible)
Damage to CPL,
Spacelab, Shuttle

(Assume None)

Service,

Shuttle
Allocatio:n

CPL
Ground
OPS

+ Spacelab +
Allocation

CPL Repair Transport fare,
CPL portion
refurbish,

overhaul,

transport,

reconfigure,

calibrate

GSE-Facilities
Data Reduction

Crew Train

To estimate relative program costs as a function of reliability levels, we

need not consider costs that will remain essentially constant,

Here we

assume that costs such as servicing, reconfiguration, or overhaul will not
vary significantly with reliability level or unreliability, the expected failure
probability per mission or period. A low failure rate obtained by large
safety margins might delay wearout and reduce overhaul rates, but such is

L




assumed negligible variation here, Therefore, the relationships below

concern costs variable (above some base level) with equivalent program

reliability /unreliability level to indicate appropriate target reliability levels,

The relationships Jo not attempt to evaluate the contractor production added

costs of rework and retest at assembly and higher levels potentially incurred

due to low reliability incoming parts, although such costs can be significant,

particularly on complex units or high quantity production,

The following symbols and factors are used in the cost-reliahility

relationships.

Cl

CSTD

QSTD
(Base)
CO

fm

XSTD

CH

Total CPL program acquisition (DDT&E + production)

costs = CSTD/Z.

Total average CPL., MIL-STD equivalent program acquisi-
tion costs.

Total CPL's (2 used).

Missions per CPL (21 used, 10 years, 6 months hetween
missions),

CPL unreliability,

QSTD(Z) = CPL Q at a reliability level related to Z.
Reliability level factor = Qi/QSTD = CSTD/Ci

Q estimate for a MIL-STD equivalent CPL program,
including estimate variation from the initial nominal
estimates,

Initial or nominal estimate of Q for a MIL-STD CPL program
(0.024 here).

CPL average flight and ground operations cost per mission
(assumed essentially constant with varying reliability level —
0.5M used).

Ground repairs per mission include flight and approximately
6 months ground period induced failures (estimated as 8 Qi
or 8 Xi, or 8 ZXSTD; eight times the expected flight failures).
CPL expected failures per flight (approximately = QSTD
ifQ<0.1)

Cost per repair (initially estimated as 0.01M to include
parts, labor, transport, calibration).
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(1)

CL1 = Spacelab (S/L) average flight cost, less experiments
(estimated as 5M - 2M exper, = 3M),
E = Factor for S/L flight cost allocated to CPL as transport
fare (used 4 initially).
5 days x 2 shifts x 2 men/shift
5 days CPL x 1 shift x 1 man
_ S/L man-days/mission
CPL man-days/mission ~
CS1 = Shuttle average flight cost,
G = Factor for Shuttle flight cost allocated to CPL (used
8 initially).
CT = Total average CPL program costs pe ' mission variable with
reliability level.
cT = £L + QCo + Fm(CH) + Q(CLI/E) + Q(CS1/G)
cr = 4€ID) , 7osTD) CO + BZ(XSTD) CH

NG

Total CPL CPL Lost Repair

Variable Acquisiti. n Mission Costs
Cost Costs

(Per Due to

Mission) CPL Failure

/ /

CT CA + CF + CR

+ Z(QSTD) (CL1/E) + Z(QSTD) (CS1/G)

S/L and Shuttle Lost mission costs due
to CPL Failure

\ /
+ CL + CSH
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Equation (2) is the basic relationship used in this exercise. For initial

estimates before varying some parameters, equation 4 was used.

ct = 22EM_ . 70STD) (0.5M) + Z(XSTD) 8(0. 01M)

T Z(2) (2)
(3)
+ Z(QSTD) (3M/4) + Z(QSTD) /10. 5M/8)
cTM) = 2522 + Z(QSTD) (0.5M) + BZ(XSTD) (0.01)
(4)

+ Z(QSTD) (0.75) + Z(QSTD) (1. 3)

For an indication of best Z or reliability level program to verify the results
of Equation (4), the traditional technique of differentiating Equation (2) with
respect to Z, equating the result to zero (slope) and solving for Z yields

Equations (6) and (7) (substituting QSTD for XSTD in the low-impact repair

term).

€T —‘—Z§§-T—9 ., (QSTD) CO + 8(QSTD) CH + (QSTD) (CL1/E

9z AD
-Z
(5)
+ CS1/G)= 0
- CSTD
Z = + AD

\ 1/2
[(QSTD) CO + 8(QSTD) CH + (QSTD) (CL1/E + CSIIG)]]
(6)

For initial estimates,

1/2 1/2
= 0,33 -
Z =+ [os'm 0.5+0.08 +0.75 + 1. 3)] = *[Qs'rn] )
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For the indicated optimum Z — reliability level for range of Q estimates,

see Figure 7-5,

7.3.6 CPL Reliability Initial Goals and Subsystem Allocations

Based on a CPL prograin directed at program activities resulting in a
MIL-STD equivalent or better reliability level program, the following range
of reliability-related measures are estimated for an average 40-hour opera-

tion CPL mission, including potential interface/tolerance-interaction

degradations .
Good Average Poor
CPL Mission Reliability 0.98 0.89 0.8
CPL Unreliability 0.02 0.11 0.2
Expected Failures/Mission 0.02 0.12 0.22

The following lists the recommended CPL reliability goal with a simple pre-
liminary allocation to subsystems for early planning of equally distributed Q
(unreliability). The bulk of interface/tolerance-interaction problems are
assr med to outside or beyond the allocations that are budge:ed to equipments,
so the goal is recommended at the high estimate to allow for acceptable total
CPL reliability degradation beyond the product of equipment allccated

reliabilities,

7.4 MAINTAINABILITY ANALYSIS

This section provides preliminary guidance and recommendations concern-
ing maintainability goals that remain applicable through subsequent program
phases. The recommendationz result from assessment of components,
assemblies, subsystems and fu-:.ctions having the potential of causing main-
tainability concerns in design or operations. The assessment includes
consideration of safety, reliability and test evaluations and of program cost

impacts.

Recommendations drawn from the analyses in this section include:
A. Retain the MIL-STD level of reliability.
B. CPL checkout, maintenance, and refurbishment should be done

outside the Spacelab.
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C. Provide access through front panels for any potential on-orbit
repairs.

D. Since maintenance and refurbishment costs represent a small
portion of CPL total operations cost, they are not primary con-
cerns. However, the cost sensitivity of the other elements of
total operations cost should be evaluated to explore evident and

latent opportunities for cost reduction.

7.4.1 ABEroach

7.4.1. 1 General
The maintainability approach is directed toward achieving a design that is

(1) testable to maximize verification that the subsystems have not failed and to
identify what is failed or degraded; (2) repairable at a level to minimize

field station equipment, time, and skills; and /3) econom.ical with regard to
refurbishment of structure and failed or wear out (limited life) items. Most

of the effort to achieve these objectives is encompassed in the M analysis,

The M analysis provides evaluation for each item of equipment, determining
its mission required preventive (scheduled) maintenance requirements and
corrective maintenance methods, and selectively recommending design
corrective action as required to achieve operational objectives. As each
design area achieves proper M design quality, the maintenance tasks are
documented to show repair policy for each item, predicted frequency, and
predicted task time. The initial predictions are available at Preliminary
Design Review (PDR). The process is iterative, and the data used for

system predictions are improved and verified by later data as available.

The key to an effective maintainability test program is the ability to use
maximum routinely available data to verify the predictions made in analyses
and thus minimize costs of tests. The analysis identifies all repairable/
rep'aceable items and risk or frequency of occurrence. The collected data
on a number of tasks or task elements verify the accuracy of these individual
predictions and demonstrate the actual access and replaceability of com-
ponents and visual study are inconclusive. Thus, the Functional Model
(FM), the Project Verification Model (PVM), and the Flight Test Article
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(FTA) will provide early opportunities to determine actual functional test
and fault isolation times. These elements of the total repair time are
combined with untested tasks (i.e., replace-time predictions) to update the
repair-time prediction. The verification data are collected and analyzed

by M engineers without introducing mechanic work tasks.

The tests on the Functional Model (FM) will determine critical access
problems early enough to incorporate required changes in the design prior
to Critical Design Review (CDR). These tasks will be conducted by mech-
anic personnel to verify access with some indication of remove/replace
task time. The actual operations of acceptance test, checkout, and repair
of failures for the Flight Test Article (FTA), and produaction flight articles
will provide an update of frequency and maintenance time. These data and
those available from maintenance procedure verification on the FM, PVM
and FTA will be collected by observation and analysis of actual operations

rather than by scheduled M demonstrations.

The measure of M actual performance is provided by the system predictions
utilizing approved models and detail task time data verified by and updated

to incorporate the observed data from system testc and operations. The
predictions will reflect maintenance tasks conducted according to formal
procedures and the best prediction of frequency. The M predictions will
identify critical tasks to achieve system operational status, down times for
unscheduled maintenance during CPL turnaround, the recommended spares
levels for each critical subsystem item for field station stocks. These data
are integrated with the logistics studies of scheduled maintenance, servic-
ing, and pipeline handling of repairables to form the total viable maintenance

and refurbishment plan.

Maintenance procedures are developed after the definition of mai ‘tenance
requirements through maintainability and maintenance analyses. The
verification of thess procedures on a functional model or development fixture
provides an initial opportunity to determine their validity in a semi-realistic
environment. The test objectives include the verification of:

e Satiafactory accessibility

e [Ease of Line Replaceable Unit (LRU) replacement

e LRU handling capability
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Potential safety hazards
Identification of proper tools

Maintenance manhours

Manpower requirements

This is first conducted as a contractor DDT&E function and subsequently by
NASA an an Initial Operational Test and Evaluation (IOT&E) effort.

7.4.1. 2 Specific

A preliminary Maintainability (M) evaluation has been made for the Laboratory
Subsystems. These subsystems which will be incorporated into a console

and installed within the Spacelab, warrant careful design attention to assure
ease of maintenance and repair. A qualitative evaluation of the remaining
subsystems/assemblies indicates that they are of a general 'plug-in'' nature

and are not candidates for Spacelab or CPL M controls at this time.

The M analysis for the above listed subsystems/assemblies estimated the
number of men and time required for repair at the maintenance facility
during refurbishment. Three codes have been used to reflect life char-
acteristics, in lieu of estimates of lifetime:

Code 1 — Items that are subject to some wear-out phenomenon with use.
Characteristic life times for these items exceed the expected
usage of a single Spacelab in the Shuttle Program (1973 Mis-
sion Model), and only routin~ inspection, lubrication, and
adjustment monitoring are ¢ cted as preventive maintenance
actions between flights.

Code 2 — Items that are not subject to degradation with use. They
require no preventive maintenance other than inspection for
accumulation of waste debris, moisture, and wire clearances,.

Code 3 — Items which may require some on-orbit action to improve
operations; for example adjusting the wick condenser, or

cleaning mirrors.

The estimates assume that all assemblies, subassemblies, and components
are subject to random failure with respect to time. The repair times are

the estimated down times to fault isolate and repair the CPL equipment
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when installed in the Spacelab. Failure of any of the assemblies, subassem-
blies and components have been considered a single failure. The access
time represents the removal of the console. Contingency time constitutes
administrative time for systems requiring draining/safing/purging prior

to work.

The reliability studics have shown that the cost effective solution to the
design for a five-day mission is achieved through reliability options. A

long term mission ( >20 days in space) will probably introduce requirements
for on-orbit maintenance. Quantitative maintainability analyses introduce

the following formula to predict corrective maintenance requirements:

Expectation of corrective maintenance -

mi 0 % BAno S - Eg

where:

= NAKT = Expected failures of the ith component/subassembly
= Number of ith components
Failure rate

= Stress factor - environmental

H 7\' > 2.-"-'
1]

= Operating time or cycles per mission

-€.
Note e & = Reliability of ith component (probability of zero failures)

Expectation of corrective maintenance (Defin'tion continued)

Af = Anomaly factor - number of component/removals during CPL
refurbishment to correct for component degradation that did not
cause mission failure but makes the component unusable for further
missions. (1< Af<9)

C, = Criticality factor - essentially to the mission - (Cg=0to 1). ACy
value is assigned for on-orbit as well as for ground maintenance

to help determine space maintenance critical times.
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E, = Error factor - maintenance time and cost modifier based on judg-
ment as to the ratio of incorrect initial removals due to improper
failure diagnosis and fault isolation. This varies with options in
test features (test efficiency) and test equipment. (E:f =1 to 3)

For on-orbit maintenance considerations, Af =1

This method for estimating maintenance actions is customary and appropriate
for Phase A subsystem design and development, and providcs an early
indication of capability of the design. The next study phase, Phase B, should
include a task to update the analysis by predicting maintenance man-

hours (MMH) and elapsed time based on actual reliability estimates for the
components and a more detailed evaluation of maintenance and repair methods

and times.

7.4.2 Cost Sensitivity Analyses

The cost sensitivity inalyses have been performed in two steps. First,
Maintenance and Refurbishment (M&R) cost sensitivity has been quantified
using the corrective maintenance estimates, as described above, in conjunc-
tion with the following Ground Rules and Assumptions pertaining to con-
tractor M&R functions. Second, contractor M&R cost sensitivity has been
related to total operations cost, including contractor's other operations cost

and principal investigator costs.

7.4.2.1 Contractor M&R Cost Sensitivity

The results of the quantification and attendant sensitivity analyses are
presented graphically summarized in Figure 7-11, Total Maintenance and
Refurbishment Costs for 42 Flights (contractor costs, excluding principal
investigator costs) as a Function of Field Site M&R Manhours Per Flight.
Figure 7-11 graphically shows the sensitivity of an index of M&R costs at
the project level to variation in field site M&R manhours per flight from
10 to 100 manhours. Two operational conditions are reflected. In one
condition, M&R has been charged only for the man hours used, and
Equation (1) has been derived to quantify the M&R cost index from an input

of direct M&R manhours per flight:

Y = 0.9903 + 0. 000955(x)
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where:

"

Index of contractor total M&R costs at the project level. (Excludes
principal investigator costs.)

Field site M&R manhours per flight

In the second condition, M&R has been charged for both the used and the

unused M&R manhours. The cost index for this condition obviously is higher

and variation in the field site M&R manhours per flight results in a graphic

plot that is a step-function due to incremental variation in manloading levels.

7.4, 2.2 Conclusions

A.

Because of the relatively low launch rate (average = 4 flights/+ =ar),
it is essential that the CPL not be charged for the unused M&R
manhours. Charging the CPL for these unused manhours would
increase M&R costs from 40 to 50 pevcent (index of 1. 000 - 1, 08
versus 1. 427 - 1.498). Stated another way, there is an opportunity
to reduce M&R costs by 40 to 50 percent, if M&R personnel can
perform other tasks and charge other budgets when they are not
performing M&R on the CF'L. These other tasks could include
maintaining launch site GSE, performing M&R on other payloads,
and returning to their home plant after each flight.

For the case where M&R is not charged for unused manhours:

1. Labor cost as a percent of total M&R cost varies directly with
the M&R manhours per flight - 0. 9 percent at 10 manhour/flight
to 8. 4 percent at 100 manhours/flight.

2. Although material cost per flight remained constant, as a
percent of total M&R cost it varied inversely with the M&R
manhours per flight; - 49. 7 percent at 10 manhours/flight to
45. 8 percent at 100 manhours/flight.

3. Sustaining engineering also remained constant and varied
inversely with M&R manhours per flight - 47. 0 percent at
10 manhours per flight to 43. 3 percent at 100 manhours per
flight.
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4. Project management, representing a level of effort function,
has little variation with respect to variable M&R manhours
per flight., Expressed as a percent of total M&R cost it varied
from 2. 4 percent at 10 manhours per flight to 2. 5 percent at
100 manhours per flight.

5. Both the labor and material percentages in B] and B2
atove reflect the MIL-STD equivalent reliability (0. 976).

6. Since sustaining engineering accounts fcr most of the remaining
portion of total M&R costs (from 43 to 47 percent), an oppor-
tunity for cost reduction appears likely in this area. The cost
of sustaining engineering has been calculated based on one man
full-time over the 10-year period. It is quite probable that
sustaining engineering cost could be reduced by about 50 per-
cent or more, if his time could be shared with other tasks,
assuming fewer design changes resulting from good initial CPL
planning and design, and assuming close PI coordination to

assure acceptability/compatibility of the PI's experiments.

7.4.2.3 Cost Sensitivities

Figure 7-12 graphically presents Maintenance and Refurbishment Cost as a
Percent of Total Operations Cost for Varying Field Site M&R Manhours Per
Flight. Figure 7-12 also shows that the CPL total operations cost is rather
insensitive to variation in field site M&R manhours per flight - varying field
site M&R manhours per flight by a factor of 10 (from 10 to 100) produces
only a 3 percent change in the ratio of M&R cost to total operations cost -
from 5.9 to 6. 2 percent. This insensitivity seems reasonable in considera-
tion of: (1) the nature of the CPL - it is only a portion of the total experiment
payload in the Spacelab; (2) the CPL design approach - simple, functional
design employing largely current state-of-the-art components/assemblies
adapted from l-g to 0-g environment; and (3) the CPL reliability goal of
0.976. Similarly, varying the field site M&R manhours per flight from

10 to 100 results in only a 9 percent change in contractor total operations
cost for 42 flights. Since the PI operations costs were held conatant, the
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Figure 7-12. M&R as a Percent of Total Operations Cost

variation in field site M&R manhours per flight from 10 to 100 only affected

a 4. 3 percent increase in total operations cost for 42 flights.

Figure 7-13 has been developed and is a graphic plot of the Index of Total
Opcrations Cost as a Function of Ficld Sitec M&R Manhours Per Flight. The
chart reflects both the lincar relationship of the ordinate and abcissa values
and the relatively flat slope of the curve, Equation (2) has been derived

to describe the curve:

o
]

0.9953 + 0. 000466(x)

where:

<
"

Index of total operation cost at the project level
Field site M&R manhours per flight

»®
"
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7.4.2.4 Conclusions

A. Although opportunities exist for reducing M&R costs, as noted
above, properly controlled M&R operations will represent a
rather small portion of total operations cost. Therefore, total
operations costs are relatively insensitive to variation in M&R
manhours or costs.

B. Cost sensitivity of the other elements of total operations cost will
be addressed partly in this study and, to a greater degree, in the
Phase B study.

C. These other elements appear to offer greater opportunities for

cost reduction.

7.4.3 Recommendations
A. Retain the MIL-STD level of reliability, since this will result in

selection of parts and qualification of new components such that
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corrective maintenance would be at a minimum during the turnaroand,
refurbishment cycle. Thus, CPL corrective maintenance should
not impact the Shuttle orbiter 160-hour turnaround schedule.
Access to the area behind the console will be difficult for any
maintenance. It is suggested that any equipment found desirable
for on-orbit repair be mounted on the freont panel of the console so
that it can be removed and replaced easily.

From initial review of subsystems, it appears that the console
checkout, maintenance, and refurbishment should be done outside
the Spacelab. It is suggested that the Orbiter-to-CPL interface
connectors (fluids and electrical) be installed in a panel that iy
bolted to the Spacelab shell and is removed as a part of the console.
The CPL console to Spacelab subsystem interface connectors should
be placed in an easily accessible location. Access can be from
either side, however, access through sealed doors through the
pressure shell (common location in the shell for all payloads) will
minimize interior work interference,

Preventive maintenance man-hours (checkout and refurbishment)
during turnaround have not been estimated in detail. This time can
be minimized by careful evaluation of actually required work. This
is very critical in that the time between scheduled CPL flights will
tend to make assignment of work to continuously assigned special-
ists inefficient. With proper :torage methods to reduce effects on
subsy stem damage (dry seals, moisture, dust, etc.) the average
corrective maintenance work load probably will not exceed 10 man-
hours per CPL flight. This careful storage will reduce subsystem
refurbishment costs. Modification costs are a function of extent

of change for individual flights. A standard interface design should
be provided so that individual experimenter's equipment can be
mounted late in ‘he refurbishment cycle, or inorbit, without need
for access to the rear of the console.

Since M&R represents such a small portion of CPL total operations
cost, evaluate the cost sensitivity of the other elements of total
operations cost and explore evident and latent opportunities for

cost reduction.
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Section 8
SUPPORTING RESEARCH AND TECHNOLOGY

8.1 ASSESSMENT ANLC RECOMMENDATION

An assessment of the Cloud Physics Laboratory SRT has been performed.
This assessment was weighted to reflect the requirements of the current
definition, evaluated from the standpoint of schedule and cost factors, and
ranked from an overall payload viewpoint. This approach was fo'lowed to

provide a perspective of the SRT items, and the results are presented in

Table 8-1, The headings of Table 8-1 are explained in the following sections.

8.2 TECHNICAL ASSESSMENT

The detailed SRT data sheets have been formulated by the appropriate sub-
system personnel in conjunction with the Project Scientist, In addition to

the description. technology, benefits, schedule and cost factors provided,

initial weighting factors were established. These weighting factors or

rankings fall into three general categories:

8.2.1 Priority
1. Mandatory - SRT tasks which must be completed, or else there will

be a significant risk in achieving performance and/or schedule
requirements. These tasks are critical to the success of CPL
buildup and initial operational capability (10C).

2. Desirable — SRT tasks which are considered beneficial and/or cost
effective, i.e.. a small initial investment would achieve one
or more of the following: increased reliability; dec reased
weight; improved or more «fficient operations; lower cost.
However, these SRT tasks are not critical and, therefrre,

could be excluded if there were severe budget restrictions.
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Table 8-1
ZERO-GRAVITY CLOUD PHYSICS EXPERIMENT LLABORATORY
SRT ASSESSMENT

SRT SRT Title Category Priority Ranking

1 Particle Injector and Size AD* Mandatory 1
Conditioner

2 Chamber Wall Subassem- AD Mandatory 2
bly
Aconstical Subassembly AD Mandatory

4 Electric %ield AD Mandatory 4
Subassembly

5 Oprical Subassembly AD Mandatory 5
Cloud Optical AD Mandatory 6
Characterizer
Water Wicking Surfaces AD Mandatory 7

8 Earth Simulation Model AD Mandatory 8

#*AD = Advanced Development

Potential — SRT tasks which appear promising, but do not seem to
offer quite the same or degree of improvements of those tasks in
Priority 2 to warrant a substitution. However, further effort could

result in their replacing the approach taken in the baseline.

8.2.2 Cost

SRT costs are the estimated 1974 dollars for performing the SRT tasks
descrited on each respective detailed data sheet. Costs to perform SRT
tasks associated with other categories are not included. For example, if
one SRT task is in the Advanced Technoiogy category, there will be a cost
estimate for performing the Advanced Technology task. If additional SRT
work is required in the Advanced Development category and perhaps Support-
ing Development work will be required at a later date, each of latter SRT
categories will be identified on a separate detailed data sheet which ias its

own cost estimate.



8.2.3 Schedule

The SRT schedule is the estimated time in months for performing the SRT
task described on each detailed data sheet. Schedule times for performing
tasks associated with other SRT categories is not included. For example, if
one SRT task is in the Advanced Technology category, there will be 2
schedule for performing the Advanced Technology task. If additional work
is required in the Advanced Development category and perhaps some
subsequent Supporting Development, each of these latter SRT categories will
be identified on a separate detailed data sheet which has its respcctive

schedules.

8.3 PROCRAMMATIC ASSESSMENT

The programmatic assessment was performed using the schedule relation-
ship between the Cloud Physics Laboratory and the SRT activities shown in
Figure 8-1. The starting dates for each of the SRT categories are purposely
not extended in the project in an effort to minimize cost, Items could be
initiated earlier than shown and completed in low risk areas; however, the
earlier the start, the greater the risk that the design effort may have

pr -eeded on a different approach. Premature false starts can increase

pr- 2ct cost, Coaversely, sufficient data must be available for meaningful
design effort and these data can only be obtained by the performance of SRT
efforts. Increased project development and production cost, slippage of
project schedule and experiment timeline inefficiency (increased operations
cost) can result if these data are not available. For the unique Cloud Physics
Laboratory equipment it is deemed reasonable, practical, and cost effective
to initiate specific SRT efforts on schedule to permit support of design
efforts. In general, to minimize development risk for the project, Research
(R) should be completed prior to Phase B, Advanced Technology (AT) should
be completed prior to Phase C start, Advanced Development (AD) should be
completed prior to Phase D start and initiation of the Preliminary Dusign
Review (PDR), and Supporting Develnpment (SD) on alternate approaches
should be tsrminated prior to completion of the Critical Design Review (CDR)

as shown in Figure 8-1.

8.1
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8.3.1 Schedule Risk

Schedule risk classification is determined by comparing the SRT task

schedule to the Cloud Physics Experiment Laboratory baseline schedule
and its constraints (reference attached schedule comparison). In general,

the following definitions apply, although specific exceptions may arise.

SRT Category Schedule Risk
Research High - Assumes programmatic implications.
(R) - If completion is scheduled after

start of Phase B.
- If the research is Mandatory
(Priority 1).
Advanced Technology High - If AT is Mandatory.
(AT) - If completion is scheduled after
start of Phase C,
If AT is Desirable (Priority 2)
If completion is scheduled prior to
start of Phase C,
- If AT task appears to benefit Phase A

Nominal

and Phase B activities,
Low - If AT is Potential (Priority 3)

- If completion is scheduled sign:fi-
cantly before start of Phase C.
Advanced Development .l—ﬂgb - If AD is Mandatory (Priority 1),
(AD) - If completion is scheduled after
start of Phase C, but prior to PDR.
- If AD task appears to offer limited
benefit to overall Phase C activity.
If AD is Desirable (Priority 2).

- If start is prior to Phase C and com-

Nominal

pletion is scheduled prior to PDR.
- If the task appears to offer moderate
benefit to overal! Phase C activity,
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Low

Supporting Development High
(SD)

Nomineal

Low

8.3.2 Program Critical

If AD is Potential (Priority 3),

If both start and completion are
scheduled prior to start of Phase C,
If the task appears to offer signi-
ficunt benefit to overall Phase C
activity,

If SD is Mandatory (Priority 1),

If start is after Phase C PDR, but
prior tc Phase C CDR,

If SD task appears to offer limited
benefit to overall Phase C activity.
If SD is Desirable (Priority 2),

If start is prior to Phase C PDR and
completion is scheduled prior to
Phase C CDR.

If SD task appears to offer moderate
benefit to overall Phase C activity.
If SD is Potential (Priority 3).

If both start and completion are
scheduled prior to Phase C PDR.

If SD task appears to offer signifi-
cant benefit to overall Phase C

activity,

SRT tasks are considered Program Critical if they have been identified as

follows:

1. SRT Category -
Schedule Risk -
Priority -

2. SRT Category -
Schedule Risk -
Priority -

Research

High

1 - Mandatory

Advanced Technology
High

1 - Mandatory

Other SRT tasks which have lesser classifications are not considered to be

Program Caitical.



8.4 OVERALL SYSTEM RANKING

The objective of the importance ranking is to interrelate the candidate SRT
tasks according to their relative importance to the Cloud Physics Laboratory
The following numerical assignments were made to establish a consistent basis
for quantifying the importance of the SRT tasks, The lowest assigned number
equates to the highest rank within each of the elements contributing to the total

score, and the lowest total score is for the highest rank.

Rank No, Element
1. SRT Category

Supporting Development

SD
AD
Advanced Technology AT
Research - R
2 Schedule Risk

Low

Advanced Development

W N e

—

2 Nominal
3 High
3. Priority
1 Mandatory
2 Desirable
Potential
4 Program Critical
No
2 Yes
5. Impact
[Safety
1 4 Contamination Requirements

[Subsystem Capability
[Reliability

2 4 Maintainability

| Flexibility

[Mission Experiment Time
3 4 Experiment Data Quality
LExperiment Data Quantity

4 Ground Refurbishment/Maintenance
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8.5 SUPPORTING RESEARCH AND TECHNOLOGY CATEGORIES

8.5.1 Research (R)

Research is the activity directed toward an increase in scientific and

engineering knowledge intended to provide high confidence in proposed
problem solutions. When the research has programmatic implications, it
is applied rather than basic research, and addresses only the Conceptual
Phase (Phase A) of Phased Project Planning. To minimize program cost
and risk, any items in this category should normally be completed by the

time Phase B is initiated.

8.5.2 Advanced Technology (AT)
Advanced Technology is the activity of advancing the state of the art in the

field of methods and techniques through the application of science and
engineering. Any associated hardware effort does not go beyond that
required to demonstrate the validity of the advanced method of technique.
The AT category of SRT is concerned primarily with the Conceptual
Phase (Phase A) and only has a secondary concern with the Definition
Phase (Phase B). The activity should be completed before the start of the
Design/Development Phase (Phase C), if program risk and cost are to be

minimized,

8.5.3 Advanced Development (AD)

Advanced Development is the activity of develeoring systems, subsystems,
or components which are recognized as having long development tirnes and
the development completion is required prior to Phase D - Production
approval on the proiect in which the developments will he utilized. The
prime reason for accomplishing this category of SRT is to strengthen the
performance requirement portion of the respective specification for each
specific hardware item., The technology is present state of the art and the
broad feasibility has been proven. There remains the AD task of integrating
the specific elements intc a workable subsystem/system and demonstrating
operational capability, The activity usually starts during the Definition
Phase (Phase B), ~ut it may start scme months prior to this time an. extend

into the Design Phase (Phase C).
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8.5.4 Supporting Development (SD)

Supporting Development is the activity of developing: (1) backup or alternate
systems, subsystems, or components; and (2) fabrication, cost and evaluation
techniques. Advances in the state of the art 'nay or may not be incorporated.
The products of tnis activity are hardware or techniques suitable for
replacing their primary counterparts in the development program. The

SD category of SRT is primarily concerned with the Design Phase (Phase C).
Initiation of this activity during Phase C should accelerate the baseline

development schedule and reduce program risk.

8.6 SUPPORTING RESEARCH AND TECHNOLOGY - TECHNOLOGY AREAS

8.6.1 Acoustics/Acoustical

This technology area pertaining to acoustic frequency generating equipment.
Acoustical drivers, microphone pickup, amplifiers, and phase-lock loop

controllers are included in this category.

8.6.2 Fluid Dynamics

This technology area pertains to liquid containment and flow control equip-

ment. Reservoirs, flow tubes, capillary surfaces, and flow restrictors

are included in this category.

8.6.3 Electromechanical

This technology area pertains to equipment incorporating both electrical
and mechanical design features and their control. It includes a broad

spectrum of elements/components and their interaction operation.

8. 6.4 Optics/Optical

This technology area pertains to light generation and detection equipment
which includes laser sources, high ‘atensity light sources, conventional
light sources, optical filters, focusing optics, and their support elements.




8.6.5 Structural/Mechanical
This technology area pertains to structural and mechanical equipment. The

chemical analysis, stress characteristics, mechanical design, and manu-

facturing techniques of equipment are included in this category.

8.6.6 Thermal
This technology area pertains to heat transfer equipment. Heat pipes,
thermoelectric modules, heat exchanger manifolds, insulation coolant

baths, and coolants are included in this area.

8.7 SUPPORTING RESEARCH AND TECIINOLOGY - ITEMS

The SRT identified for the Cloud Physics Labor . -ry was evaluated for
classification into Research, Advanced Technology, Advanced Development,
and Supporting Development categories. The Cloud Physics Laboratory

SRT items were found to be in the Advanced Development category.

Detailed data for each SRT item are presented in the following pages. Each
item includes (1) a description of the SRT item as conceived and why it is
required, (2) a brief discussion of the status of the technology and the
effort to be accompli-hed by the SRT, and (3) the project and specific
experiment classes affected. Also included are the benefits to be derived

by the SRT, and the time span required for development.
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PARTICLE GENERATORS SUBSYSTEM

ITEM: PARTICLE INJECTOR AND SIZE CONDITIONER
CATEGORY ADVANCED L TiVELOPMENT

TECHNOLOGY AREA: STRUCTURAL/MECHANICAL/THERMAL
DESCRIPTIVE DATA:

A. DESCRIPTION
Supercooled water droplets and single ice crystals of precise size

and ''structure'' are required by a portion of the defined experiment
program. These droplets and crystals must be grown in a precisely
controlled temperature, pressure and relative humidity environment
and then propelied to the appropriate position or with an appropriate
velocity and direction into the cloud chamber. The envisioned
particle injector and size conditioner contains features to accompiish
these requirements. The particle injector and size conditioner is

a miniature thermal diffusion chamber incorporating the features
described for the chamber wall subassembly and the acoustical and/
or optical conditioning subassembly. The device would contain
appropriate viewports and accommodate installation of a generator

to provide the original particle.

B. TECHNOLOGY AVAILABLE

The particle injector and size conditioner is classified as laboratory

equipment, Elements of this device are used separately in terres-
trial laboratories. The primary objectives of the development
effort are (1) to perform analyses to establish device size, environ-
ment control range and tolerances, geometric shape, viewport
location, generator mounting location, and particle injectior. veiocity
range, control and tolerance; (2) analytically evaluate the interface
requirements between the device and the cloud chamber; and (3)
fabricate and test a preprototype device to provide assurance of
concept adequacy and to refine requirements and design features

for the equipment.
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D.

PROJECT AFFECTED
Zero Gravity Atmospheric Cloud Physics Laboratory. The

folloviug Experiment Classes are affected:
Classes 2, 3, 4, 5, 6, 7, 8 and 12

BENEFITS

The development effort will provide the required ana.ysis, design,
and test data necessary for confidence that the particle injector

and size conditioner can be developed in accordance with project
schedule. Accomplishment will permit conduct of experiments
requiring particle 'collision'" or '"dynamic'" features. Experiment
timeline efficiency necessitates the generation and positioning
(including velocity and direction control) of particles to be performed

in a predictable manner,

SCHEDULE 21 months
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EXPERIMENT CHAMBERS AND AEROSOL CONDITIONING SUBSYSTEM

ITEM: CHAMBER WALL SUBASSEMBLY
CATEGORY: ADVANCED DEVELOPMENT
TECHNOLOGY AREA: ST:\UCTURAL/MECHANICAL/THERMAL
DESCRIPTIVE DATA:

A‘

DESCRIPTION

The thermally controlled walls of the cloud chamber must be
accurately maintained, with a very precise uniformity for all
experiments, The chamber wall subassembly to satisfy the
experiment requirements consists of heat pipe cavity wall surfaces,
thermoelectric modules, heat exchanger/manifold, and outer wall
shell, The heat pipe cavity wall surfaces provide the chamber
thermal environment control to £ 0. 2°C with a thermal uniformity
of £ 0,02°C. The thermoelectric modules provide a heat pump
capability and accomplish both heating and cooling of the wall
surfaces. The insulation is utilized to reduce the thermal leakage
from the chambers and to enhance thermal uniformity, The heat
exchanger/manifold provides the coolant distribution between the
thermoelectric modules and the Spacelab coldplate (10°C). The
outer wall shell provides the cloud chamber structural integrity

and protection for chamber wall elements.

TECHNOLOGY AVAILABLE

The chamber wall subassembly is classified as laboratory equip-
ment. Operating terrestrial laboratories use water-cooled chamber
walls and the associated iarge thermal baths, Effort has been
expended on use of thermoelectrics, but without heat pipes, for
chamber wall thermal control. Chamber design development efforts
have been conducted and have established the feasibility of the

heat pipe/thermoelectric module concept for chamber wall sub-
assembly usage. The development requirements of this effort

necessitate anaiysie, design and test of chambr wall subassembly
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elements. Altern ¢ heat pipe surface concepts must he evaluated
for thermal control and uniformity. The technique for thermo-
electric mounting and mount location on heat pipe surfaces must be
evaluated. The sclection of material insulation and thickness and

the heat exchanger configuration and coolant flow must be established.
The integration of adjacent wall surfaces and the thermal control of
chamber wall surfaces to the required tolerances must be

demonstrated.

PROJECT AFFECTED
Zero Gravity Atmospheric Cloud Physics Laboratory. The folluwing

Experiment Classes are affected:
Classes 1, 2, 3, 4, 5, 6, 7, 8, 0,10, 11, 12, 13, 14, 15,
16, 17, 18, 19 and 20.

BENEFITS

This development effort will provide the required analysis, design
and test data necessary for confidence that the cloud chambers can
be developed in accordance with project schedule. The cloud
chamber thermal control (s required for all experimentation
envisioned. Cloud chamber physical and operational characteristics
are predicted on the usage of the heat pipe thermoelectric modules
chamber wall concept. Accomplishment will reduce project risk
for this equipment and maintain the predicted experiment time-

line efficienry,

SCHEDULE 18 months
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EXPERIMENT CHAMBERS AND AERCSOL CONDITIONING SUBSYSTEM

ITEM: ACOUSTICAL SUBASSEMBLY

CATEGORY: ADVANCED DEVELOPMENT

TECHNOLOGY AREA: ACOUSTICS/ACOUSTICAL

DESCRIPTIVE DATA:

A. DESCRIPTION
The acousticai subassembly provides motion and orientation control
of droplets and ice crystals within the cloud chamber, and, in
specific instances exact orientation control of ice crystal. Up to
threc axes of acoustical control may be required. Tl .ubassembly
will consist of acoustical sources, microphone pickup/amplifiers,
phase-lock loop controller, and power amplifier. The acoustical
sources provide the sound waves utilizing electrical drive. The
microphone pickup/amplifier detects the acoustic wave and
generates a signal to provide f_ednack to the controller. The
phase-lock loop controller processcs the driving frequency inform-
ation to maintain the desired acoustic standing wave pattern, The
power amplifier transforms the control signal to the level appro-
priate for the acoustical drivers.

B. TY.CHNOLOGY AVAILABLE

" he acoustical subassembly is classified as laboratory equipment,
although some components are commercial state of the art. NASA

is presently performing a developmer::t effort (Jet Propulsion Labora-
tory) on an acoustical subassembly for the Space Processing Payload.
The progress of this effort will be used as a basis for development of
an acoustical subassrmbly for the Cloud Pkysics Laboratory. This
effort is to establish the acoustical level determination and the
required ponitioning feedback control required. The design aspects
of different cloud chamber geometries and surfaces must be

evaluated to establich acoustic driver design.
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PROJECT AFFECTED
Zero Gravity Atmospheric Cloud Physics Laborato::  The

following Experiment Classes are affe.ted.
Classes 2, 3, 4, 5, 6, 7, 9, 10, 13, 17, 18 and 20.

BENEFITS

This developme::t effort will provide the required design and test
data necessary for confidence that the acoustical subassembly can
be developed in accordance with the project schedule. Accomplish-
ment will enhance operation of four cloud chambers and over

50 perc .t of the experiment classes. Experiment timelines
efficiency and observation of large particles over long tirne periods

a:. dependent on this development.

SCHEDULE 15 months
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EXPERIMENT CHAMBERS AND AEROSOL CONDITIONING SUBSYSTEM

ITEM: ELECTRIC FIELD SUBASSEMBLY
CATEGORY: ADVANCED DEVELOPMENT
TECHNOLOGY AREA: ELECTRONIC/ELECTRICAL

DESCRIPTIVE DATA:

DESCRIPTION

The electric fie:d subassembly will provide a uniform electric field
in which droplets and ice crystals can be grown and within which
dynamic cloud electrification studies of combinations of particles
can be performed. The subassembly consists of field "plates'’,

ac field controller, dc field controller, and a power converter,

The field ''plate' geometry will be different for each cloud chamber.
These ''plates' will be positioned adjacent to the chamber walls and
incorporate the appropriate electrical standoffs required for
electrical isolation in a high humidity environment. The ''plates"
furthermore, must permit the free transport of water vapor from
the upper to the lower diffusion cloud chambers' wicking ‘surfaces.
The ac field controller is a programmable unit that provides signal
frequency and amplitude control., The dc field controller is similar
to the ac field controller but provides only voltage amplitude control.
The power controller supplies the appropriate high voltages for the

electric field ''plates."

TECHNOLOGY AVAILABLE
The electric field subassembly is classified as laboratory equipment.

The basic componeats of the subassemnbly are commercial state of the
art, The prime development requirement is to reconfigure the
torrestrial laboratory equipment to manned aerospace configurations
usable for the various cloud chambers, Of particular importance

are the definition of the field ''plates' and the electrical isolation of
the subassembly high voltages. Additionally, effort must be

expended in the deveiopment of programmable field controllers.
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PROJECT AFFECTED

Zero Gravity Atmospheric Cloud Physics Laboratory. The following

Experiment Classes are affected:
Classes 2, °, 4, 5, 6, 7, 8, 10, 14, 17, 18, and 20.

BENEFITS

The development effort will provide the require analysis, design
and test data necessary for confidence that the electric field
subassembly can be developed in accordance with project schedule.

This subassembly is required for all charge measurement experi-

ments., Accomplishment will reduce project risk for this equipment,

SCHEDULE 15 months
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EXPERIMENT CHAMBERS AND AEROSOL CONDITIONING SUBSYSTEM

1. ITEM: OPTICAL CONDITIONING SUBASSEMBLY
2. CATEGORY: ADVANCED DEVELOPMENT
3. TECHNOLOGY AREA: OPTICS/OPTICAL
4. DESCRIPTIVE DATA:
A. DESCRIPTION

B.

The optical conditioning subassembly will provide remote heating
of droplets and ice crystals in a cloud chamber. Additionally,

this subassembly will be used for positioning of particles by
impingement of a highly configured light beam of a nonabsorbing
wavelength, The subassembly consists of a light source with
appropriate filters, focusing optics, protective housing, and fan.
The high-intensity light source provides the appropriate wavelength
for particle remote heating or positioning. The optics will focus
the light source to image sizes of 1 mm or smaller. The protective
housing aud fan will permit beam positioning and provide the forced
air cooling of the light source,

TECHNOLOGY AVAILABLE

The optical subassembly is classified as laboratory equipment.
Optical positioning has been demonstrated in terrestrial laboratories
for 20-micrometer-diameter particlea. A number of radiative
optical sources are presently available. Specific selection,
determination of beam and filter requirements, beam aiming and
control techniques are to be accomplished by this effort. Theory
and laboratory effort indicate that wavelength, beam shape, and
beam power can be appropriately selected for the optical sub-
assembly requirements.

PROJECT AFFECTED

Zero Gravity Atmospheric Cloud Physics Laboratory., The following
Experiment Classes are affected:
Classes 3, 5, 7, 8, 10, 12, 17, 18, and 20,
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BENEFITS

This development effort will provide the required analysis, design,
and test data necessary for confidence that the optical subassembly
can be developed in accordance with the project schedule.
Accomplishment will enhance those equipments requiring individual
particle remote heating and/or positioning. Use of the optical
subassembly is necessary for efficient experiment timeline opera-

tion and to extend observational duration of particles.

SCHEDULE 15 months
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PARTICLE CHARACTERIZERS AND DETECTORS SUBSYSTEM

ITEM: CLOUD OPTICAL CHARACTERIZER
CATEGORY: ADVANCED DEVELOPMENT
TECHNOLOGY AREA: OPTICAL/ELECTROMECHANICAL

DESCRIPTIVE DATA:

A,

DESCRIPTION

The cloud optical characterizer is a prime element of the scatter-

ometer, liquid water content meter, and the droplet size distribution
meter. Although the cloud optical characterizer is used in different
operating modes, in each of these devices the basic elements are
identical. The laser source, the optical detector, the alignment
mechanism, and the scanning mechanism (used only for the
scatterometer) are contained in the cloud optical characterizer.

The laser source emits a continuous beam of coherent light,
expanded by means of a beam expander, across the sample. The
optical detector is positioned beyond the sample and detects the
diffraction pattern which depends only on the dimensions of the
particles in the sample. Single or multiple detectors are used, with
and without scanning depending on the desired output data form and

use,

TECHNOLOGY AVAILABLE

The cloud optical characterizer is classified as laboratory equipment,

although commercial devices exist for specific uses. The laser

light source exists and the optical detector technology advances of
recent years are significant. The development areas for the cloud
optical characterizer consist of analysis, design, fabrication,
integration, test and evaluation of the components with consideration
of its use in the configurations and operating modes required by the
scatterometer, the liquid water content meter and the droplet size
distribution meter. Additionally, the characterization of the cloud
optical characterizer must be accomplished to provide assurance that
data can be accurately evaluated (calibration against known standards).

1)
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PROJECT AFFECTED

Zero Gravity Atmospheric Cloud Physics Laboratory. The following

Experiment Classes ai1e affected:
1, 2, 3,5,7,8,9,11, 12, 13, 14, 15, and 20

BENEFITS.
This development effort is required to provide the required design

and test data necessary for confidence that the cloud optical
characterizer can be developed in accordance with the project schedule.
Accomplishment will enhance the quality and quantity of experi-

mental data available and permit a high degree of commonality for

scatterometer, liquid water content meter, and droplet size

distribution meter design.

SCHEDULE 15 months
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EXPERIMENT CHAMBERS AND AEROSOL CONDITIONING SUBSYSTEM

ITEM: WATER WICKING SURFACES
CATEGORY: ADVANCED DEVELOPMENT
TECHNOLOGY AREA: FLUID DYNAMICS
DESCRIPTIVE DATA:

A,

DESCRIPTION

The water wicking surfaces of the diffusion chambers are fine wire
mesh screens or equivalent capillary material surfaces that permit
the establishment of the required chamber relative hurnidity. The
surfaces must be maintained at a thickness of less than 0.3 mm,
The surfaces are critical to the free transport of water vapor and
must be maintained '"'clean' and free of surface contaminants,
Requirements exist for both periodic change of water and the

continuous flow of water on these surfaces.

TECHNOLOGY AVAILABLE
The water wicking surfaces are classified as laboratory equipment.

Terrestrial laboratory surfaces are constructed of feit, paper, or
similar materials and are prz2wetted or utilize gravity for initial
saturation. The surfaces use gravity for both addition and removal
of water. The surfaces are removed from the chambers for
cleaning/replacement or maintenance. The water wicking surface
development areas consist of a selection of a material that is self-
wetting and the determination of design features that permit the
addition, removal, and flow of water on the surfaces in a near-
zero~-gravity environment, Additional efforts are required to
establish the formation of ice on these surfaces and its subsequent

melting and removal.

823
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PROJECT AFFECTED

Zero Gravity Atmospheric Cloud Physics Laboratory. The following

Experiment Classes are affected:
Classes 1, 2, 3, 4, 5,6, 7, 8,9, 10, 11, 13, 15, 16, 17,

18, 19, and 20,

BENEFITS
This development effort is required to permit efficient experiment

operation. Accomplishment of this development will enhance
diffusion cloud chamber design, permit accomplishment of experi-

mentation in less time and enhance chamber operational

characteristics.

SCHEDULE 12 months
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FEXPERIMENT CHAMBERS AND AEROSOL CONDITIONING SUBSYSTEM

ITE'M: EARTH SIMULATION MODEL

CATEGORY: ADVANCED DEVELOPMENT

TECIINOLOGY ARFA: STRUCTURAL/MECHANICAL/FLUID
DYNAMICS

DESCRIPTIVE DATA:

A.

DESCRIPTION

The carth simulation moaodel will simulate specific aspects of
planctary and solar convection. ‘The asscmbly consists of a
differentially heated rotating spherical annulus of diclectric

fluid containing suspended particles to provide a visaal tag of fluid
circulation. The inner and outer concentric spheres encapsulating
the diclectric fluid provide simulated radial gravitational gradients
and incorporate features to permit variable rotation rate and
thermal heating. The outer sphere consists of a transparent upper
hemisphere and a metallic lower hemisphere with electrically
conductive inner surfaces. The optical properties of the upper
hemispherce must be of a uniformity required for direct photo-
graphy of the diclectric fluid and suspended particles. The inner
sphere must be clectrically and thermally conductive. The dielectric
fluid strength is requir~d to permit upwards of 20 kv/cm eclectric
field, and the suspend-d particles must be of sev-ral micrometer
for photographic data or submicrometer size for use with a laser

anemometer.

TECHNOLOGY AVAILABLE

The earth simulatior model is classified as laboratory equipment.

For terrel.trial research, a model has been developed and tested.
The experiment utilizing this model has been proposed for space
flight., “'he effort for design, development, test, and evaluation

of the earth simulation model for space flight has not been performed.
The prime development requirement is io refine the mode! analysis

to permit selection of materials, surface coatings, dielectric fluid
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and particulates. A preprototype model must be fabricated and
evaluated in a terrestrial environment to provide assurance of
concept adequacy and establish requirements for model operation

and control.

PROJECT AFFECTED
Zero Gravity Atmospheric Cloud Physics Laboratory. The

following Experiment Class is affected:
Class 21

BENEFITS
This development effort will provide the required analysis, design
and test data necessary for confidence that the earth simulation
model can be developed in accordance with the project schedule.

Accomplishment will reduce project risk for this equipment,

SCHEDULE 15 months
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Section 9
CLOUD LLABORATORY SUPPORT OPERATIONS

There are two major factors that become the basic background for this
analysis and description of the Cloud Physics Laboratory (CPL) operation:
(1) the CPL operates as a partial payload of the Spacelab which in turn is

a payload of the Shuttle; and (2) the philosophy of principal investigator
(PI) participation in the CPL. The discussion of these factors will be
further expanded in this section. The first portion deacribes how a CPL
will be handled during the cycle from flight return to the next flight return.
The last portion defines the roles and operations of the CPL program and
the PI's in planning for and obtaining data from the CPL experiments,

9.1 CPL OPERATIONS

In this section a CPL ground and flight operation schedule with manpower
loading is developed. The following significant conclusions and require-
ments can be drawn from the CPL operations schedule and the supporting
analysis:

A. The tasks associated with a CPL console can be expected to be
accomplished within a 6 -month turnaround with no more than
S percent overtime.

B. By having one ground crew servicing two CPL's, the peaks and
valleys in the manpower requirements for a single CPL will
complernent the second and will probably allow for efficient use
of the manpowt r required. In other words, CPL ground service
crew will be busy servicing the second CPL when the Spacelab/
Shuttle operations would preclude activities on the first laboratory.
Further analysis will be required to verify and determine the
extent of project economies.

1
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C. The PI/NASA interface dates can b defined as follows:

1. The PI will receive hard data 2 to 3 weeks after recovery,

2. CPL mission configuration definition is required 5 months
before launch.

L. The following five pieces of ground support equipment are unique

to and required for the CPL ground and support operations:

1. Gas service cart

2 Water service cart

3. Cleaning kit

4, Handling fixture No. 1. This fixture supports and protects
the CPL and secondary Spacelab structure in test and
transportation.

5. Handling fixture No. 2, This handling fixture is used to
support the various components of the CPL during the mainten-
ance and refurbishment (M&R) operations.

E. The Spacelab simulator for experiments is supplied to the CPL pro-
ject for use at both the user (contractor) and integration sites,

(see Figure 9-1)

9.1.1 CPL Ground Operations
Because the CPL is only a partial payload on the Spacelab, which in itself

is a payload of the Orbiter, the ground operations scenario for the CPL is
depicted as one portion of the total overall Shuttle and Spacelab operations
planning. In Figure 9-1, the Shuttle is shown returning to the Orbiter
Checkout Facility (OCF) after landing from a flight, In the OCF, the
Spacelab is extracted and transported to the Manned Spaceflight Operations
Building (MSOB). It is i. this building that the CPL and secondary structure
are extracted from the Spacelab. The two-way circular path shown between
the MSOB, user site, and integration site is to show all potential hardware
transpurtation links. The CPL hardware will originate at the user site, be
sent to the integration site for checkout, and from the integration site to the
MSOB for flight. Upon return, the nardware may be sent to either the user

site or the integration site, depending upon future decisions as to where
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the maintenance and refurbishment is to be performed. Figure 9.2 shows
the sequence of sites in the CPL ground operations scenario and lists the
expected operations at that site, The listing of the tasks was not meant to
be in order: it defines all the operations performed at the site at that time.
It can be seen, for exampie, that between the integration and user site
there was no decision made as to where the M&R would be performed; the

M&R could be performed at either site,

9.1.2 Functional Flow Dia&rams

All operations, both ground and flight, are divided into five flow diagrams

that are shown in Figures 9-3 to 9-7. The KSC postlanding recovery flow

is shown in Figure 9-3., On Figure 9-4 in addition to the maintenance and
refurbishment flow, there is a task assignment sheet that is representative

of these prepared for each block of all the functional flow block diagrams.

Figure 9-5 is the integration check out flow; Figure 9-6 is prelaunch and launch
checkout flow and Figure 9-7 is the mission operations flow. Tle functional

flow diagrams define task and task phasing; the task assignment sheets define the
manpower, skill level, and equipment required for each block in the functional

flow diagram.

9.1.3 CPL Operational Schedule

Figure 9-8 defines the CPL operational timeline and the manpower required.

This turnaround schedule provides insight into the CPL operations scenario

in terms of manpower, phasing, and level in program operations. No
attempt was made to smooth manpower levels. From the manpower levels at
the bottom of the figure, it can be seen that the average level of five workers
on days worked results in a long gap and an average level of less than four
people. The box on the upper right side of Figure ¢-8 sums man-days worked
by skill and zhows a 60 percent M&R crew efficiency. Shuttle and Spacelab
operations preclude CPL operations for over 28 percent of the operational
turnaround. The use of one crew to service two CPL's on 3 months centers
will allow for significant increase in crew efficiency and facilitate smoothing

of manpower variations.
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CPL FUNCTIONS REQUIRING MAINTENANCE

THERMAL CONTROL AND MEASUREMENT

[ ]
o PRESSURE CONTROL AND MEASUREMENT ,
4 e DEW POINT AND LIQUID WATER CONTENT CONTROL AND MEASUREMENT
\ 2, o GAS STORAGE AND FLOW CONTROL
: ® ELECTRIC FIELD ENVIRONMENT
e ACOUSTIC
: o OPTICAL CRATOR
: e LIQUID DROP GEN
. SE USER SITE ® iCE PARTICLE GENERATOR
— ® OPTICAL AND IMAGING DEVICES
: CPL ® AEROSOL GENERATORS
ANCE MAINTENANCE | | | ® DATAMANAGEMENT AND INTERFACE ELECTRONICS
RBISH AND REFURBISH ® PARTICLE COUNTERS
P ® IMEN
s OPERATIONS ® POWER CONTROL AND DISTRIBUTION
e CONSOLE
NTED®
CTURE ¢ PREPARES FOR SHIPMENT
8R* T0 CIF

® SHIP CPL TOCIF
JEDULES®
NSPECTION®

INAL STATUS/*
ALIES
*RoM*

"IPMENT
~ STRUCTURE
] -

ULED MAINTENANCE®
JLED MAINTENANCE®
"MENT TO*

100000
[FORNEXT MISSION®

NOTE: *THESE FUNCTIONS MAY BE
PERFORMED AT USER SITE

Figure 9-2. CPL Ground Operations Scenario
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TASK DESCRIPTION SHEET s
|
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TASK TITLE: (2.1.8) PERFORM POST STORAGE CHECKOUT
TASK OBJECTIVE: DETERMINE CPL STATUS PRIOR TO MAINTENANCE AND REPAIR
TASK PURPOSE: TO INSPECT AND OPERATE CPL TO DETERMINE EXACT STATUS
TASK LOCATION: CIF OR USER'S SITE OR KSC MAINTENANCE AND REPAIR AREA
TASK EQUIPMENT: SPACELAB SIMULATOR, HANDLING FIXTURE, GAS SERVICE

CART, WATER SERVICE CART

MANPOWER REQUIREMENTS:

PERSONNEL TOTAL TASK TIME: 16 HOURS
MECH TECH 2
AVONIC TECH 2
ENGINEERING 1
QUALITY CONTROL 2
SAFETY

_ATION
,_—_“
Figure 9-4. Maintenance and Retfurbishment Flow
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Figure 9-5. Integration Checkout Flow
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9.2 EXPERIMENT FLIGHT SUPPORT ANALYSIS
The following are the significant operations conclusions and requirements

based on the experiment tlight support operations analysis:

A,

0w

A CPL experiment control center (ECC) is required to perform

the following functions:

1. Coordinate PI flight plans into a mission flight plan and develop
required software.

2. Train the astronauts

3. Obtain ground baseline experiment data

4, Support the MCC for problems in real time concerning the
CPL in orbit,

There is a need for two simulators at the ECC,

The schedule allows the Project Verification Model (PVM) to be

available after its use in interface checkout with the Spacelab to be

the first simulator at the ECC.

The second simulator can be produced mainly from qualification

hardware components allowing program economies and still be

schedule compatible,

The PVM can be used for the first CPL PI's during their experiment

plan development.

The PI activity schedule starts 24 months before flight when the

call for experiment occurs:

1. By 18 months before flight, the preliminary experiment plan
must be submitted.

2. Eleven months before flight, a 4-month funded effort is
conipleted resulting in a final experiment plan., This 11-month
time appears to be a practical minimum,

3. Six months before flight, the final flight plan must be
submitted to the ECC.

4. For 4 months before flight, the PI assists in astronaut
training and obtains baseline data from operation of the ECC
simulator,

5. During flight, the Pl is available for consultation as required.

6. The PI supports the flight crew debriefing and prepares his
final report by 6 months after the flight,

13



¢.2.1 PI Role in Experiment Support

The approach to the assignment of roles and respcnsibilities and the
definition of PI participation is based on the following assumptions;
A. NASA has the experience in operating experimental equipment
in orbit.
B. NASA, by means of a CPL project, 1s able to provide a facility *that
can significantly increase the level of knowledge in cloud physics.
C. Other agencies and people not only retain the research responsibility
but define the experiments to be performed.
D. The CPL project operations must be organized recognizing and
using the roles, responsibilities, and strengths of all concerned.
E. Cloud physics research responsibility will remain in the domain
of those agencies and organizations presently involved in such

efforts.

9,.2.2 Typical Flight Support Schedules

The starting point for the development of these schedules is the 6-month

CPL turnaround as defined in Subsection 9.1.3. Essentially, the configura-
tion for a flight must be fed into the maintenance and repair activities 5
months before launch of the orbiter containing the Spacelab. Based on this
information, the typical experiment flight support schedule (Figure 9-9),
was developed. The resulting flow of tasks is as follows: The call for
experiments occurs 2 years before the intended flight of the CPL., A
preliminary NASA evaluation and selection takes 2 months and selects
potential principal investigators (PI) for funded definition of an experiment
plan, The PI's then have 4 months to become familiar with the CPL
operations and submit an experiment plan 11 months before flight., The
final NASA selection for flight takes 3 months, The CPL contractor then
has 3 months as lead time to be ready to configure the CPL for flight.

During the final NASA review, the PI starts to prepare his experiment plan
because, after final review, he has only 60 days to submit the plan to the
CPL experiment control center (ECC) for coordination of a flight plan
including all PI inputs. There are then 60 days for the PI's and CPL ECC
to coordinate the final flight plan and be ready to train the astronauts.

14
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During the 4 months prior to flight, the CPL simulator at the ECC is
dedicated to the specific flight configuration and provides two functions:
train the astronauts and operate the simulator to develop ground baseline

data.

During the mission, the simulator and PI's are made available to support

the MCC in case of abnormalities in operation of the CPL in orbit.

After recovery, the PI's will be part of the flight crew debriefing. There
are then 6 months scheduled for the PI to prepare and submit his final

report.

In an attempt to reduce the lead time for experiments, a second flight

support schedule, as shown in Figure 9-10, was developed for flight support
operation where the time for the submission of the final experiment plan

from the PI's was reduced from 11 to 9 months. This was done by reducing
the final selection and review by NASA to 60 days and the contractor lead

time to 60 days. It also, unfortunately, reduced the coordination time
between the PI and ECC for the preparation for training to one month, These
drawbacks lead to the conclusion that the 11-month experiments support
operations schedule as shown in Figure 9-9 represents a reasonable minimum

time span.

A review of the CPL experiment flight support operations leads to the
requirement for a CPL ECC to perform the following functions:
A. Coordinate PI flight plans into a mission flight plan and develop
required software.
B. Train the astronauts
C. Obtain ground baseline experiment data
D. Support the MCC for problems in real time concerning the CPL in

orbit.

916
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In order to obtain an overview of what the selected schedule would mean in

the continuing CPL program, Figure 9-11 was developed showing five

cycles of a typical experiment flight support operation schedule waterfalled

together on the scheduled 3-month launch centers, Some rather interesting

conclusions of the operations and similator training requirements can be

drawn by reviewing this waterfall of flights. They are:

A,

B.

There will always be a preliminary and final evaluation/selection
in process.

A preliminary selection is complete one month before the final
selection for the previous flight starts. This makes it possible to
move an experiment to an earlier flight if conditions so warrant.
The ECC requires two simulators to support the flight and flight
crew training. These requirements, along with the PI simulator

requirements, are examined in detail in the following section,

9.2.3 Simulator Requirements and Utilization

Some form of CPL simulator is required for the following reasons.

A.

B.

A high-fidelity simulator (in-flight configuration) should be

available during a mission to support the astronauts.

Prior to flight, the astronauts require a simulator available for

training.

Prior to flight, ground baseline experimental data must be

obtained. Because of the problems in attempting to obtain these

data from the flight article, this becomes a high-fidelity
simulator requirement,

Prior to their sclection for flight, a PI has two different time

period when simulator availability is required.

1. During the unfunded experiment definition, it is not mandatory
but quite desirable for a PI to have some limited access to a
simulator.

2. Once a Pl is funded to define an experiment plan, access to
a simulator for familarization and understanding is more

important,

o180



B S S ——

MONTHS BEFORE FIRST FLIGHT

MONTHS AFTER FIRST FLIGHT

s 2 Tg le '3 l 3l sl o |2r 15‘ 1J 'nr ;I
3 T T 8 7 CALLFOR EXPERIMENTS
L3 4 | 51T 68 1 7 | PRELIMINARY NASA EVALUATION AND SELECTION

3 PI FINAL DEFINITION AND SUBMISSION OF EXPERIMENT PLAN

T

FINAL NASA SELECTION FOR FLIGHT [ 3 4 1 6 1 6 | 7 1]

PI PREPARE AND SUBMIT FLIGHT -

PLAN TO ECC 3] < E] A
PI/ECC COORDINATE FLIGHT PLAN ) A 2] =
CONTRACTOR LEAD TIME FOR CPL MBK 3 2 15 1 61 7 ]

PIJECC SUPPORT FLIGHT CREW TRAINING
AND DEVELOP BASELINE DATA

CPL TURNAROUND C

P1 SUPPORT ECC DURING MISSION

P} SUPPORT FLIGHT CREW DEBRIEFING 0 0 0 0 @O

PI PREPARE FINAL REPORT

[15 Tl? " IG 13 ] 3[ Or .l 121 131 |ll m] NI 27'
PRELIMINARY P EFFORTS — SIMULATOR AVAILABILITY HELPFUL

LA
o e
+—
FUNDED P) EXPERIMENT PLAN DEFINITION ~ SIMULATOR USEFUL
-‘-
[ 6
L 7]
ECC SIMULATOR AND TRAINING UTILIZATION
ECCAT FLIGHT PLAN r_——- 2FLY TRN MEF ———on
COORDINATION - — — H 4 = - anamon
1 FLT TAN (REF) - e

Figure §-11. CP_ Flight Support Oparations (Fligins 3 wo 7)

"

e s T

I ok s TN < € 5

PR



E, Access to a simulator will enhance coordination in the molding

b 2

together of various PI flight plans by the ECC personnel.

Requirements A, B, and E require two simulator- at the ECC because one
simulator would become too restrictive in scheduling while three simulators

cannot be justified even when adding the time demands of requirements

C and D,

In evaluating alternate approaches for requirements C and D, the following
three way tradeoff was conducted. The three alternatives were:
A, Provide mobile CPL simulators to be used by the PI's at their
research sites,
B. Provide remote terminals with data displays and controls, to be
used by the PI's at their research site.
C. Provide for PI travel to the ECC simulators for familiarization,
flight plan development and coordination, and development of

ground baseline data.

The providing of the mobile CPL simulators was the most costly option.
Use of the remote terminals was the best satisfactory option. Pl usage of
the ECC simulators proved the most reasonable method of accomplishment
of Pl efforts. ECC simulator/schedule evaluation showed that Pl access to
a simulator can be provided on an almost continuous basis. The lower
project cost and the increasnrd PI/ECC personnel coordination appear to

offset the Pl inconveniance of travel to the ECC,

9.2.4 Initial Flight Support Operation Schedule
Figure ©-12 shows an expected initial flight operation schedule for Flights
1 and 2, These flight schedules vary from the typical for several reasons:

(1) a longer CPL preparation and checkout for flight is required; (2) a

longer crew training time 18 required; and (3) there is a 6 -month period
between flights rather than 3 as ir the normal operation. The first CPL
will be delivered 9 months beforec flight as compared to the 6 -month cycle

820
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in the normal operations, It is anticipated that the CPL configuration will
have been firmly defined 8 months before flight, The second CPL is
delivered 4 months after the first or 11 months before its flight. This
provides additional time for checkout of CPL 2 and the additional chambers

and equipment not scheduled for flight in either CPL 1 or CI'LL 2.

In reviewing the requirements for an possible availability of simulators, the
project verification model (PVM) would be transported to the ECC as the
flight crew trainer for Flight 1 after its use in interface checkout prior to
delivery of the first flight CPL. The second simulator would be economically
supplied by providing appropriate cabinetry and components available from

the qualification hardware.

In reviewing how to support tie first and second set of PI's in their pre-
liminary and funded experiment plan activities, it was determined that the
PVM would be 3 months into test and available for PI familiarization when
the first CPL PI's are selected.

If candidate PI's for Flight 2 could be identified by the time the Flight 1
Pl's visited the PVM, a concurrent visit would be feasible. If not approxi-
mately a month after start of funded effort, the first CPL simulator would
be at the ECC and could be used to support Flight 2 candidate Pl's.
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Section 10
DATA MANAGEMENT OPERATIONS PLAN

The data management operations plan is based upon the CPL operations plan,
Table 10-1 summarizes the plan itself, It defines the various phases through
which the Data Management System (DMS) Progresses from conception to use,
the responsible contractor or agency and the location of the effort. In the
following sections the mission phases are developed to provide an assessment

of the development and operation of the system.

10,1 MISSION PLANS

Once missions with the CPL, laboratory, and orbiter have begun, DMS mis -
sion plans will repeat a set pattern, Table 10-2 presents a summary of
these plans beginning with the landing of the orbiter and continuing through
experiment operations. Figures 10-1to 10-8 presents an expansion of the
operations or functions performed by and for the DMS and list the specifica-
tions, proccdures, reports, and forms necessary to conduct each mission

segment,

The segments have been divided as follows: (1) recover data; {(2) DMS
inspection and checkout; (3) maintenance and repair; (4) configure CPLDMS;
(5) functional verification and test; (6) integrate laboratory and CPL (DMS);
(7) CPL power -up, interface verification; and (8) CPL experiment operation,

Those operations in which the DMS is relatively quiescent such as installa-
tion of the laboratory into the orbiter, transfer to the pad, prelaunch opera-
tions, and ascent are not included, although it is recognized that some minor
functions such as caution and warning monitoring will be continuously
performed.
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FACILITY

SPACELAB

SPACELAB

SPACELAB AND ORBITER

SPACELAS

OPERATIONS

CPL CHECKOUT

EXPERIMENT PREPARATION

EXPERIMENT RUN

CPL SHUTDOWN

Figure 10-8. Mission Pian 8 - CPL Experiment Operation

CR78

SPECIFICATIONS

¢ CPL POWER-UP COMPLETE

*« AUTO CONTROL AND MONITOR FUNCTIONAL
VERIFICATION PROGRAM-EACH CIRCUIT
VERIFIED OPERATIONAL SEQUENTIALLY

¢ MANUAL CONTROL AND MONITOR
FUNCTIONAL CHECKLIST-EACH LISTED
ITEM VISUALLY VERIFIED OPERATIONAL

o CPL CHECKOUT COMPLETE
¢ CAMERAS AND RECORDERS LOADING

¢ CPL PURGE SEQUENCE PER AUTO PROGRAM
AND CHECKLIST

¢ EXPERIMENT AND INITIAL CONDITIONS
DEFINITION PER KEYBOARD AND VOICE
INPUTS

e EXPERIMENT PREPS COMPLETE
* AUTO START PER KEYBOARD INPUT
« AUTO RUN PER PROGRAM TAPE

* MAHUAL SUPPORT PER CRT DISPLAY
CHECKLIST

¢ DATA SUPPLEMENT PER KEYBOARD AND
VOICE INPUTS

« REAL-TIME DATA TRANSFER VIA TM, VIDEO,
AND AUDIO DOWNLINK

¢« RUN INTERRUPT VIA KEYBOARD INPUT

* FILM AND TAPE REMOVAL AND STORAGE PER
CRT CHECKLIST

¢ CPL PURGE PER AUTO PROGRAM SEQUENCE

¢ MANUAL CONTROL SHUTDOWN PER CRT
CHECKLIST

* AUTO POWER-DOWN PER PROGRAM SEQUENCE
® MANUAL CLEANUP PER CRT CHECKLIST

¢ EQUIPMENT REMOVAL AND STORAGE PER
CRT CHECKLIST
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Table 10-2 (Sheet 1 of 2)
DMS MISSION PLAN POST -ORBITER LANDING

(Mission Ground Operations)

Time (hr) CPL Operations

DMS Operations Summary

0

80 - 120

120 - 160

160 - 240

240 - 280

280 - 320
320 - 360

360 - 400

400 - 440

440 - 600
600 - 760

760 - 800

800 - 880

Landing

Recover data, CPL to
CIF or user site

CPL inspection and
checkout

Avionics M&R

Configure CPL for next
mission

Transfer to CIF checkout

Preparation for system
integration

Connection to simulator
DMS functional verifi-
cation and test

Other system tests

Mate, Ship to MSOB,
and service

Integrate lab, CPL, and
verify

Combined system tests

Analyze data tapes
Develop fault list
Develop suspect component list

Run checkout routines
Verify anomalies, failed
components

Remov~ failed components
Test

Repair or Scrap
Refurbish worn equipment

Obtain new calculations data
Enter into programas
Reprogram processor
Verify

Interface continuity compati-
bility checks

Load simulator checkout, opera-
tion, display programs

Power checks
DMS checks

Operate DMS in support

Interface continuity, compati-
bility tests

Load Programs in lab system
Verify

DMS/laboratory operation

o o s e et A 4 s v
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Table 10-2 (Sheet 2 of 2)
DMS MISSION PLAN POST-ORBITER LANDING

(Reference Task 7,3 - Mission Ground Operations)

Time (hr) CPL Operations DMS Operations Summary
On-Orbit
1080 - 1120 CPL power -up, — DMS checkout
interface verification —— DMS calibration
1120 Experiment operation —_ DMS operation

10.2 REQUIREMENT ANALYSIS

On-orbit processing requi. ements were found to be generally limited to data
acquisition, status monitoring, data annotation, storage/trausfer, and con-
trol. A summary of data requirements and the contrasting capabilities
afforded by Spacelab-provided systems is shown in Figure 10-9. The fol-
lowing comments apply:

A, The measurement quantity, even if doubled, is not large and can be

accommodated by three remote acquisition units (RAU's) or two digital

CR76

DATA ACQUISITION METHODS CPL (MIN) CPL (MAX) ogu‘s%w:r

MEASUREMENT QUANTITY ” 200 < 04 ANALOGS/RAU

< 128 ANALOGS/DIU
MEASUREMENT RATE {KBPS) oM ' T8D, 500
COMPUTER MEMORY (KWORDS) s 80 180, - 13
COMPUTER OPERATION RATE {ADDS/,SEC) 0.00 ™0 0s
VIDEO BANOWIOTH (M) 4 2 s
VIDEO STORAGE (REELS) 1 4 1 {MIN)
COMMUNICATION RATE (STON) (KBP3) «2 ™0 25,256
COMMUNICATION RATE (TDRS) (MBPS) NOT REQ NOT REQ 50
COMMUNICATION VIDEO (CHANNELS! 1 1 1
DIGITAL STORAGE (REELS! 1 2 1 (MIN)
UPLINK COMMAND (KBPS) 2 2 2
VOICE CHANNELS 1 2 2
ALPHANUMERIC/GRAPHIC DISPLAYS 1 2 2

Figure 10-8. On-Orbit Dats Processing Summary
1012
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interface units, terms used at various times to describe multiplexer
and A/D hardware,

The measurement (data) rate is miniscule when contrasted with the
Spacelab bus rate of 1 or 2 megabits (minimum 500 kbps bus data rate).
Computer memory capacity for CPL control should not exceed 8, 000
words, Current references do not provide a clear-cut memory
capability,

The listed computer add time of 2 usec (0.5 add/sec) is far in excess of
required operation rates which do not apnear to exceed 1 msec.

The minimum bandwidth of 4 MHz for black and white TV could increase.
However, the laboratory is sized to handle color TV (6 MHz).

Assuming use of TDRS, one video tape reel capable of recording for

90 minutes and then dumped could potentially satisfy experiment require -
ments, since some experiments last a minimum of 5 hours (ice crystal
growth), three tapes and one backup would assure continuous reading.
Since one digital tape will suffice tu record an entire mission's data, the
only requirement for transmission is to provide data to support per -
sonnel in Mission Control at « dump rate some multiple of 1 kbps, The
laboratory capability is 25 and 256 kbps on separate lines transmitted to
the STADN network.

A TDRS link at 50 Mbps is available,

A video channel of 5 to 6 MHz (assuming color TV) is required and
atilized,

A ground-to-laboratory link is desired for transfer of program changes,
An intercom for at least one and preferably two men is needed.
Alphanumeric and graphic displays are required and available for

experiment control, checkout, and procedure presentation,

Base- on the foregoing, the laboratory appears capable of accommodating all

CPL processing requirements. However, two general requirements exist

which affect this conclusion: (1) control and display equipment must L:

located at the CPL chambers to allow the crew to perform manual operations

while monitoring experiment status; (2) provision for the simulation of lab-

oratory equipment during experiment development must be made. These

requirements have a major impact on the manner in whicl. processing func -

tions are actually allocated,

1013



10,3 PROCESSING ALLOCATION AND FLOWS

The CPL data processing functicns are listed in Figure 10-10. Functions are
allocated on the basis of trades, Some ambiguity exists in the data display
and data operations categories due to the shared nature of the operation;
i.e., the crew control or input request devices are located at the console
while the actual software and hardware providing the services are part of the
Spacelab equipment complement. At present, the capability to add these
peripherals is not available in the ERNO design. However, the interfaces
provided for equipment located in the Payload Specialist's Station could be

switched to the CPL console following crew ingress into the laboratory,

The basic flow of the experiment from conception through flight is shown in
Figure 10-11,

processing of data,

It emphasizes those operations involving the generation and

The flow overlays those facilities where operations take

place, establishing where provisions for supporting functions must reside, It
should be noted that the flow represents the initial CPL development and
integration, Subsequent misgions would bypass the integration facility
CR78
DATA PROCESSING
I T T -
EXTEMNAL INTERFACE SAMPLE STORAGE CLOUD CHAMBER CHAMBER DETECTORS/
CONTROL FLOW CONTROL CONTROL ILLUMINATORS CONTROL
*» » KEYBOARD INPUT * PRESSURE SOURCE © DROPLET/ICE o VIDICON CAMERAS
o FUNCTION SWITCHES o SAMPLE GAS SUPPLY CRYSTAL GENERATION | o OPTICAL DETECTORS
* 3/L COMPUTER/PERIPHERALS] © GAS MIXTURE RATIO » ELECTRIC FIELD * OPTICAL ILLUMINATOAS
* $/ POWER ONUCLE) GE /2.7 ViIs"Y -
* S/L/ORBITER COMM © NUCLEI BYPASS ® ACOUSTIC ENVIRON
« NUMIDITY ® CHARGE INTENSITY
* CHAMBER VENTING © CHAMBER OPERATION
* GAS STORAGE
DATA DISPLAY DATA OPERATIONS CHECKOUT
o DISCRETE DISPLAY © DATA THANSFER * STIMUL! GENERATION

* o GRAPHIC DINPLAY * VIDEO STORAGE * DATA ACNISITION
* ¢ SYSTEM STATUS °* DIGITAL STORAGE * LIMIT CHECKING
¢ ¢ VIDEO MONITOR © DATA CONVERSION
o SYSTEM SEQUENCES * RESOURCE MQY
*S/L. COMPUTER CONTROLLED
oCPL CONTROLLED
*e8HARED CONTROL

Figure 10-10. CPL Function Allocation
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CABORATORY CONTRACTOR [ INTEGRATION FACILITY
EXPENIMENT LABORATORY TRANSFER T0 | ) INTEGRATE |
DEVE L OPmEnT [ EQUIPMENT b INTEGRATION CHECKOUT =i wATM
DEVELOPMENT FACILITY { LABORATORY ]{
—
INTEGRATION FACILITY LAUNCH FACILITY ]
I TRANSFER
TEST 7O LAUNCH CHECKOUT  fummd  INSTALL b TEST |
FACILITY | [
PACE LABORATORY/CPL
| CONDUCT sTORE TRANSMNT
I LAUNCH CHFCXOUT = ¢ypg RIMENTS DATA DATA ']
L FLIGHT SUPPORT FACILITIES
TRANSFER
STADN/TORS TRANSFER 7O REVISE TRANSMIT TO
SITERECEIVE [ ] GODDARD TOMISBION ™1 rroceoune SPACELAB
DATA PROCESSING FACILITY
[ coev rares RECEIVE PROCESS TRANSFER TO TRANSFER TO
: — TAPES/ DISTRIBUTION b
| ANO ARCHIVE REQUEST TARE DT REQUESTER

Figure 10-11. Primary Experiment/Data Flow

(assumed to be located at MSFC) and equipment would be refurbished at the

site defined for such operations,

A second-level flow for the Spacelab/CPL facility which defines internal
processing operations is shown in Figure 10-12, The operations are defined
for the four classic types of data involved with experiments: (1) control sig-
nals, (2) scientific data, (3) status data, and (4) caution and warning signals,
Of the four only the first three are of concern from a CPL data handling
standpoint since C&W signals are few in number, have no high-frequency
components and are handled exclusively by the Spacelab system, The video
signals, which are a part of the scientific data, also tend to require little
analysis since handling options are few and their accommodation is straight -
forward., Remaining then are control, scientific, and status data which are
digital in nature and require matching of data, response, and operation rates
at all interfaces., Figure 10-12 reorients the laboratory data management

flow along operational lines and provides some additional detail, 1t also

1018
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OPERATION
CPL

CR76

SYSTEM SCIENTIFIC STATUS MONITOR CAUTION AND
CONTROL DATA HANDLING S AND CrECKOUT WARNING MONITOR
> gg;'&‘:l_ OUTPUT
SIGNALS STiMuL. |
ACOUIRE ACQUIRE ACQUIRE :fgx’)gf — r rA):autPs
SCI DATA
RESPONSES VIDEO C1 o el | Sichacs |
$2:‘S'JA%" CONDITION CONDITION CONDITION
K 2 Y
FORMAT FORMAT FORMAT
ANNODATE Lt ]
el PROCESS AND el COMPARE
PROCESS g
TRANSFER
DISPLAY DISPLAY
S_—N STORE 10 ANNUNCIAT
GRAPHICS VIDEO GROUND
al LABORATORY DATA MANAGEMENT FLOW
KEY%C \RD INPUT FUNCTION SWITCHES
R .
r— Ve -~
SELECT SELECT ouTPUT
SELECT INITIATE
EXPERIM'T DISPLAY ﬁ vﬁ CONTROL
PROGRAM FORMAT SEQUENCE SEQUENCE J—D SIGNALS
SEQUENCE RATE RISE TIME
MANUAL OPERATIONS MANUAL OPERATION 210 PULSES/SEC 130 MILL ISEC
PERFORM MEASURE | CONDITION ML TIPLE X TRANSF ER
P e uncTions P pesronses P siGhaLs P siGhaLs B oaTA
e M————————
AS REQUIRED WMAX SAMPLE RATE - 10 SPS OUTPUT RATE - 10 KBPS
INPUT
PROCESS ﬂ TRANSFER =g STORE TRANSFER
- S:Lge —P1 pata DATA tara [P pars
INPUT RATE OF RATE TRANSFER RATE TRANSFER RATE <25 K8PS
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Figure 10-12, internsl Processing Flows
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recogr.zes the allocation of functions as defined by Figure 10-10 in that
separate paths are provided for control and status/scientific data, For each
of the operations where timing is of importance, initial rough estimates of

rates or response times have also been established,

Beginning with the sequencing of control signals, a rate of 10 control outputs
per second has been established based upon requirements for controlling
chamber pressures, This figure, while slow, appears adequate and is com-
mensurate with reasonable valve response times of 30 msec, The maximum
data sampling rate of 10 sps is derived from measurement monitoring
requirements and the data transfer rate of 10 kbps is arrived at by assuming
100 measurements, all at the worst-case sample rate with each quantized at
10 bits per sample. The data processing rate of 20 kbps/second results from
assuming a worst case of 200 measurements, each sampled 10 times per
second with each sample requiring 10 instructions for its processing. Esti-
mating 10 percent of these measurements will be used for control provides
an initial rate of 2 kbps, Digital tape reproduce rates are set by Shuttle con-
straints and will p.oovide the basis for record/reproduce speed ratios. The
display rate of 40 fps is established by flicker -free viewing requirements,
The generation rate of 2 fps obviously requires a refresh capability within

the display,

10.4 DMS EQUIPMENT OPERATION

The data management system (DMS) consists of that equipment allowing
development and operation of the CPL with a minimum of special ~purpose
simulation or support and that portion provided by the Spacelab, This divi-
sion is illustrated in Figure 10-13 by the dashed line. The interface adapter
provides interface compatibility between the two system elements with the
cxception of the video components which interface directly with breakout
boxes provided by Spacelab. Operations of the Spacelab functions during

development would be performed by standard laboratory equipment,
The processor performs all valve sequencing operations with the exception

of those few performed manually, Control would be exercised interactively

with the operator by incorporating '"Requests for Data' or "Halt" points
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within the programs, These would allow an opportunity to modify the
program data base or select alternate continuation sequences depending upon
each experiment's particular needs. They would also provide a ""Hold"
period to allow the operator time to consult procedures or the progress of
the experiment to that point. Operator control would be exercised via the
keyboard and function select keys. Information would be displayed on the
graphics display unit and by the sequence panel which would contain a diagram
of the system and lights indicating the status of the experiment in progress.
The processor would output commands via the interface adapter to either the
analog or digital controller. The controllers would provide either analog or
digital (discrete) signals to the appropriate valves, detectors, or CPL con-

trol devices.

Talkbacks from these units would be continued to have the proper signal
characteristics for data acquisition by the formatter. This unit would sample

the signals in a preprogrammed sequence, provide the appropriate talkbacks

to the processor, and route all data to the remote acquisition unit (RAU) in
serial digital form, The data would periodically be accessed by the Spacelab
computer and routed to either the low-rate recorder or brought into memory.
The latter procedure would be performed if a checkout sequence was being
performed. The computer also is the repository for all experiment proce -
dures, display formats, and provides the commands controlling the status of

the CPL processor entered via the keyboard.

The following paragraphs present a detailed description of the equipment

operations,

10.4.1 Recording

All activities connected with the operation of the on-orbit experiment program
will be recorded on tape or film, Tape recordings will include the scientific
data produced during the conduct of a given experiment, the measurements
indicating the health of the experiment equipment and the annotation data
providing equipment status (on-off) and setting values (lens position), }ime of
day, film or tape consumption, etc, The data will be provided in digital for -
mat at approximately a 1 kbps and as video at about 5 MHz,
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Analysis of recorder requirements is complicated by the present level of
laboratory definition and some uncertainty as to how the STDN network will
be used as secondary support for low-earth-orbit vehicles and payloads.

The Spacelab baseline provides a high-rate digital recorder (30 Mbps), a low
rate (1 Mbps) recorder as an optional feature and an analog (video) recorder,
Although not specified, it is assumed that the low-rate recorder is connected
to the computer I/0 and that CPL data would be time multiplexed with other
experiment data, In this case, only the data rate and record times need be

specified,

If this option is not provided, it will be necessary for the CPL to provide its
own digital recorder or for the laboratory to provide FM multiplexing equip-
ment to allow access to the high-rate recorder, Given the former alterna-
tive, the following analysis may be made. Since the digital data rate is

small, a correspondingly slow lower second speed should be selected to

reduce tape expenditure, The lowest speed available on a standard recorder
is 15/32 ips. The reproduce speed should be the highest compatible with the
communications system capability or 256 kbps, if operation with the STDN

network is assumed; use of the 1,02 -Mbps 'dump'' capability would preclude

the simultaneous transmission of TV,

In actual practice the speed change range is somewhat limited and since use
of a standard laboratory recorder is contemplated to reduce costs, a speed
selection of 3-3/4, 7-1/2, 30, 60, and 120 ips is more likely to be avail -
able., However, a maximum ratio of 32:1 would only produce 32 kbps, far
short of our goal, Since there is also some question as to the availability of
the 256 -kbps data line for use by a single experiment and a 25-kbps line is
available, a more judicious choice would be to use this line with a speed
ratio of 16:1 producing 16 kbps. An average pass time in low earth orbit of
8 minutes would allow the transfer of 128 minutes or about 2 hours of data
and three passes would probably transfer a complete days accumulation to
the ground, Alternatively, 10 hours per day for 6 days of recording at the
1-kbps rate would only produce 2,16 x 10" data bits, which is well within

the capacity of a single 10-1/2-in, reel,
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It is recommended at this time that the availability of a laboratory low-rate
digital recorder be assumed. The recommendation should then be reassessed
at the CPL PDR and CDR reviews, Should the assumption prove invalid, the
incorporation of a recorder (nto the CPL at a late date would be relatively

simple as long as a port is provided on the data formatter (acquisition) unit,

iJo data are presently available as to how the video cameras will be operated --
in a burst mode or continuously, However, both operating modes are expected
due to the divergent nature of the CPL experiments., Since the laboratory
video recorder will be limited to about 30 minutes, the net effect of the burst
mode would be to extend recorder operation without tape change for the

entire day, With the availability of the TDRS, it is also possible to transmit
the recorded video to the ground after which the erase/record sequence would

be resumed,

It is doubtful that this latter procedure would be acceptable since reproduce
times are equivalent to record times due to the inability to change recorder
speeds and an interruption of the recorder's availability could also interrupt
the experiment, Tape recorder playback should probably await the comple -

tion of the days experimentation,

10.4.2 Data Processigg

The CPL processing requirements primarily entail those operations for -
experiment control and sequencing and those provided to display information
to the experimentor in a particular format or manner., The analysis of con-
trol operations was initiated by developing timelines for the operation of the
CPL system and various cloud chambers and then defining semi-detailed
flows for each of the timeline operations, From the flows, the number of
discrete instructions to perform a sequence or computation could be esti-
mated together with the approximate size of the data base. It also thought
that display and other processing requirements could be better estimated by

observing when a major procedural change occurred.

A timeline was first eatablished for aerosol generation as shown in Fig-
ure 10-14, A flow was then developed for each step of the timeline as shown

in Figure 10-15 based upon the subsystem defined by Figure 10-16, The
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CR76

1 PURGE/CLEAN CHAMBER, NUCLE!I GENERATOR, ETC

2 ESTABLISH INITIAL SAMPLE CHAMBER VOLUME

3 ESTABLISH PRESENCE OF SATURATED WATER VAPOR

4 ESTABLISH CHAMBER FULL VOLUME

5 GENERATE/MEASURE NUCLEI

] INPUT SAMPLE TO CHAMBER

7 ADMIT SAMPLE GASES

8 ESTABLISH SAMPLE EQUILIBRIUM

L de L
0 20 40 60 {MIN)
TIME

Figure 10-14. Aerosol Generation Timeline

number of control operations was found to total 68 with some functions per -
formed more than once, Twenty-one computations involving time, pressure,
or temperature are made in an iterative fashion prior to performing a next
operation, By count, 189 instructions would be required to program the
sequence yielding a factor of about three instructions per operation, Forty
words of storage hold the entire data base such that total program storage
requirements should occupy no more than 500 words of memory assuming

50 percent spare capacity.

Experiment descriptions were reviewed and timelines for expe. .ments 2, 5,
9 (which use the static diffusion ice chamber), 13 (expansion chamber) and

20 (general chamber) were developed. It was observed that the majority of

experiment run times did not exceed 60 to 80 minutes although a run time of
8 hours would not be unusual, particularly for ice crystal formation, The
original intent was to develop a flow for each chamber type in order to
obtain a complete sampling prior to determining maximum processing

requirements, This was precluded by the complexity and size of the experi-
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ment program, Sizing for chamber operations is therefore tentative and
additional flows will be required if a "bottom-up'' approach is to be followed.

lhe aernsol generation flow was found to be representative as the ''preparation
of nuclei' flow for this experiment and required only minor changes in step 3
and the elimination of step 4 (Figure 10-15). Approximately 70 unique
«perations (equivalent to 210 instructions by our previous measure) were
found to be required exclusive of recorder and camera control requirements
which, by our previous allocations, would be performed by the Spacelab
system. Data base requirements are again approximately 40 words such that
the total experiment requirements could be met with a 1, 000-word memory.
Assuming two uniquely programmed runs per day for 5 days at 500 words per
program plus 500 words for aerosol preparation yields a total memory
requirement of 5,500 words. With sharing of subroutines, this total should be
reducible to 2, 000 words.

Estimates of software requirements for display and control to be performed
by the Spacelab complex, while possible to develop, were not accomplished
due to the realization that graphic display formats, limit check routines, and
conversion of voltage levels to engineering units will all be existing software
modules offered as part of Spacelab services. Programming of the computer
will also be performed in a higher order language (HOL) such that the number
ot machine instructions may be three to five times the HOL instructions.
However, based upon the quantity of status measurements available for
checkout, a program containing a data base of 210 words (3 x 70) and as few

as 20 HOL instructions should suffice.

10. 4.3 Command
Assessment of the data rates and quantities associated with the command sys-
tem is related to the performance of the following types of functions:

A. Redirect the performance of a particular task which has not been
executed within the constraints of the ongoing experiment
requirements.

B. Update the stored program sequence to include cases not originally
programmed but which are of new interest due to unanticipated
results of the preceding test series.

C. Update the stored program sequence to perform a different set of
experiments due to the inability to perform the original planned

series because of equipment malfunctions.
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D. Initiate the next step in the performance of a particular experiment
after determining via telemetry that the preceding constraints have
been achieved.

E. Interrupt an ongoing sequence whose continuance would be useless.

The number of data bits required to perform the above functions varies from

about 32 bits to approximately 16 kilobits depending upon the specific function
to be accomplished. For a simple function like item D or E, a single 32-bit

data word would suffice. For the more complex functions like items A

through C, up to about 500 32-bit words (16 kilobits of data) we i1ld be required.

The baseline capability of the orbiter uplink command system (into the Space-
lab) through both the STDN and TDRS communication systems is 2 kbps. With
the near-continuous contact times available through the TDRS, functions like
items A, D, and E could be performed with essentially no impact on the opar-
ation of the system, The performance of functions like items C and D could
be accomplished through either the TDRS or STDN and would require approxi-
mately 8 seconds of transmission time (16 kilobits divided by 2 kbps). This
also presents an insignificant impact on the operation of the command system
since a 16-kilobit data burst could program operation of the CPL for the full

duration of a normal Spacelab mission.

10.4.4 Controls
A control system will be required to perform the following types of functions
within the CPL:

A. The time-sequenced operation of valves in the CPL to control the
flow of gases, liquids, and particles through, into, or out of
various components of the CPL.

B. The time-sequenced operation of devices required to control and
monitor experimental conditions and results.

C. The parameter-level-controlled operation of equipment to achieve
or maintain environmental or operational conditions under which an
ongoing experiment is to be performed,

D. The parameter-time-profiled operation of equipment to achieve a
time-~varying condition under which an ongoing experiment is to be

performed.
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A review of the preliminary definition of the CPL design shows that
approximately 40 valves may be utilized to control the flow of gases, etc.,
through the CPL.

Included in the category of devices requiring time sequencing are such things
as heaters, lights, cameras, meters, and recorders. Approximately 15
devices will require time sequencing to permit efficient control and monitor-
ing of experiment conditions and results. An initial list of items in this

control category (Itemm B above) is presented in Table 10-3,

A review of the preliminary operational procedures indicates that time-
sequencing requirements of conmands for operation of valves and devices
wi'l vary from once per experimental run to tens of commands per sequence
involving one or more of the valves or devices. Therefore, a command sys-
tem capable of cutputting approximately 110 discretes (on/off) commands

(2 states x [40 valves + 15 devicel] ) will be required by the CPL. The
command rate capability for these commands should be on the or i»r of

40 commands per second (10 cycles/second x 2 commands/cycle x 2 channels

simultaneously).

A number of control operations involving the use of analog functions have been
identified in the preliminary design of the CPL. These operations may be
manually performed or automated depending upon the nature and requirement
of the experiment to be performed. In general, the contrnl requirements
involving analog control functions fall into the two categories identified as
item C or D, above; that is, parameter level control or parameter time
profile control. In the former case either a direct input analog (level set)
command i{s required or a feedback input analog (comparator) command is
required to achieve or maintain the environmental or operational conditions
under which the ongoing experiment is to be performed. The laiter type
(time profiled, analog command function) requires that a command input vary
continuously either directly as a function of time or indirectly (via feedback)
to create a condition which varies in accordance with some preplanned time
profile of the condition.
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Table 10-3 contains a list of identified functions which may require analog
input commands for operation of the CPL. It is estimated that the commands
will all be low-frequency commands on the order of several cycles per
second. With the highest frequency being that required for operation of the
positioning control system in supoort of experiment class 20 (unventilated
droplets). This class experiment requires an analog command input of
approximately 10 Hz to maintain particle motion along a 0. 02-meter-radius
path at a velocity of 0, 15 meters/second. Since the motion control devices
(acoustical and electric field) are envisioned as three-axis control devices,
it may be neczssary to input simultaneously to all three axes for the desired
particle path, This results in an analog command generation requirement of

150 samples per second (3 channels x 10 Hz/channel x 5 sample/Hz).

The assessment of the devices in the CPL which may recu're automated analog
command inputs indicate that the CPL command system should contain approxi-
mately 20 analog command channels whose frequency output capability is

10 Hz minimum.

In summary, the data rate and quantity requirement for the CPL command

syst m is as follows:

Quantity Rate

Type (Channels) {Command/Second)
Discrete 110 40
An-log 20 150
Total 130 190

10.4.5 Data Transfer

As a result of the small quan'ity of measurements and low sample rates, data
transfer within the laboratory is not a particular problem in itself; i. e.

less than 1 percent of the Spacelab's capability is being used. A similar
situation prevails in the case of the downlinks in that no transfer of digital

and video data is absolutely necessary although additional video tape reels
would be required should data be stored. It is also probable that the principal
investigators will want to observe experiment results on a daily basis and/or

compare the on-orbit data to that developed in parallel ground experiments.

-
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Since only two recorders will be available in the Spacelab, any recorded
""dump'' of data would require interrupting an in-progress experiment. Since
such a practice would be undesirable if not impossible without destroying the
experimental samples, recorded data transfer to the ground should await
experiment completion. Based upon the recorder analysis, a digital rate of
16 kbps would be used. A video rate of 5 MHz may also be assumed although
STDN remote site recorders are limited to a bandwidth of 4, 2 MHz at former
MSFC stations.

Real-time digital data transfer would be at the generation rate of 1 kbps with
provisions for one accompanying voice channel at 32 kbps. With the avail-
ability of a new-continuous (85 percent of the time) 25-kbps telemetry down-
link in addition to the voice link, there seems to be little need for transfer of
taped digital data. The primary reasons for recording would be to: (1) use
the link efficiently; (2) preserve all the data; (3) preserve the data in case of
communication dropouts; and (4) allow playback of data at experiment com-
ple.onfor analysis, Real-time transfer of video data, as desired, is also
feasible over the 50 Mbps or 5-MHz TDRS channel. Comments (1), (3), and
(4) apply.

Use of the STDN channels is possible and links are provided., In the period
of the 1980's when the CPL is due to fly, the primary data transfer support
facility for low-earth-orbit payloads will be the TDRSS. The remote STDN
sites are expected to be reduced in number from the present 15 to 7 or 8 and

used to support high- and medium -altitude spacecraft.

Table 10-4 summarizes the downlink data transfer operations., Transfer of
real-time data is limited to 20 hours by loss of TDRS line of sight, Recorded
data transfer is reduced to 14 to allow completion of 10 hours o experimen-
tation and thus reduced by 15 percent to 12 hours. The command uplink for
payloads is established at 2 kbps by the NASA.

10. t. 6 Caution and Warniﬂg_

An analysis of potentially hazardous conditions existing in the CPL was per-
formed. It produced an initial list of seven measurements for monitoring

tank and line pressures. In subsequent evaluations, it was concluded that
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Table 10-4
DOWNLINK DATA TRANSFER

Data Type Real Time Recorded
Data Form Voice Video Digital Video Digital Voice
Rate Bandwidth 32 kbps 5 MHz 1 kbps 5 MHz2 15 kbps 32 kbps
Transfer Time 20 hr 20 hr 20 hr 12 hr 12 hr 12 hr
Period Any Following experiment

there were no factors causing overpressure to occur in five of the seven cases
and redesign of the system eliminated the remaining two hazards. As a
result, only the basic caution and warning measurements provided by the
laboratory are required. Should continuing CPL analysis or the addition of
new equipment warrant it, the laboratory system will provide all requisite
comparison and annunciator provisions. Remaining to be supplied by the

user are the transducers or circuit outputs and whatever signal conditioning

is needed to provide compatibility with the C&W system interface.

10.4.7 Information Transfer Internal to the Lahoratory

Many types of information must be supplied to the experiment operator
on-orbit in order to successfully conduct the cloud physics experiment pro-
gram, Table 10-5 presents a sample listing. The means by which the
information is made available to the operator and the facilities presently
available were reviewed in order to ascertain where and how the transfer
facilities must be augmented. Four major transfer paths are involved:

(1) orbiter-to-Spacelab console, (2) Spacelab console to CPL console,

(3) experiment subsystems to CPL console, and (4) experiment subsystems

to Spacelab console,

The first of these, orbiter-to-Spacelab console, is well established. Infor-
mation such as time-of-day, guidance, and navigation functions and uplink
information are accommodated and require no CPL augmentation. The
Spacelab console to CPL console interface is required to trarsfer almost
every item listed in Table 10-5, exceptions being event time and event

sequencing. Two options are available to implement the interface. The
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INFORMATION TRANSFERRED INTERNAL TO THE LABORATORY

Table 10-5

Time of Day

° Tape annotation
® Film annotation
® Start/end time

Event Time

Begin sequence
End sequence
Sequence duration

Equipment Status

Equipment calibrated
Equipment ready (initialized)
Control settings

Experiment Procedures

Crew/equipment run preparation
Automatic sequences
Manual operations

Resource Consumption

Tape remaining
Film remaining
Gas consumption
Water consumption

Experiment Progress

Sequence of events
Videc (visual) monitor

Primary measurements (aerosol size and quantity, dew point,

relative humidity)

kxperiment Program Revisions

Procedure received from the ground
Operator parameter/limit changes

Checkout (Malfunction) Data

Operational confirmation

Equipment fault (measurement name, number)

Adjacent affected measurements

Troubleshooting procedures and recovery options
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Spacelab console can incorporate provisions for supplemental parallel
keyboard and display drives or information in digital form may be transferred
via data bus modems and distribution logic to the CPL console. With the
exception of the equipment within the orbiter, parallel drives are not avail-
able in the existing design. Documentation has indicated that digital informa-
tion can be transferred by data bus through remote acquisition units (RAU).
Since the purpose of these units is to acquire multiple analog signals and issue
commands, only the bus interface and addressing portion of their circuitry

appears to be particularly well suited to information transfer.

The data bus distribution hardware and software option would require the
expenditure of CPL funds for a capability that should exist in the Spacelab,
Other experiments will undoubtedly require remote displays and computer
access, On the other hand, supplemental outputs, if incorporated in the
design phase, would have little effect on overall equipment cost. Should pro-
visions not be included in the design for this feature, it is possible the NASA

would provide a data bus modem as an optional piece of equipment.

For the experiment of CPL console interface, the options are for CPL data
acquisition unit or use of an RAU for multiplexing input signals. The selected
channels for experiment control would then be provided via a computer-to-
controller link. The drawback to this scheme is that the whole premise of
providing the controller as CPL equipment would be negated, i.e., a Spacelab
system simulator would be required during CPL development. Since the

data acquisition unit should cost less than $50, 000, it is recommended as the

previous trade section indicated.
The last interface, experiment subsystems to laboratory console would be
provided by the data acquisition unit. No increace in cost should result

from the addition of this interface.

10.4.8 Data Dissemination

In the past, digital data received at remote sites has been processed to
extract the desired data channels from telemetry frames or to compress the

data by redundancy removal prior to its transfer to GSFC and its <ubsequent
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routing to Houston and MSFC. TV video has been transferred directly from
remote sites via leased lines to MCC-Houston. Tapes and hard copy have
been returned to Houston prior to dissemination of copies to PI's or secondary

data recipients who have submitted data request forms.

The post-1978 network will be reduced from 15 to 7 or 8 remote STDN sites
and a TDRSS ground station, with the former primarily serving medium-
and high-altitude payloads while the latter supports low-altitude payloads
such as the Spacelab. The network digital communications rate from the

TDRSS ground terminal will be 56 kbps to 1, 344 Mbps or higher as required.

With the exception of the use of the TDRSS ground station at White Sands,
operations to disseminate data to the user are not expected to materially
change from that shown in Figure 10-17. The CPL data may be expected to

be received multiplexed with other laboratory data. During and after reception
at the ground station, se.ected channels would be stripped out (although

hardly necessary at tne low CPL data rate) and transferred to Houston via
GSFC. Digital demultiplexing would then be performed for display or printout
of real-time data. After separation of CPL data from the bit streams, tapes
could be made available to the requesting user. Complete data tapes recorded
at the ground site would be mailed or flown to Houston for extraction of

desired CPL data and copies made available in a similar manner.

Video data in real time could be transferred to Houston on leased lines while
delayed video tapes would be handled in the same fashion as digital tapes.
Tapes recovered from the laboratory would be flown to Houston for copying

and handover to the user.

10. 4.9 Data Formats

Data are provided in a variety of forms to a number of users and each
generally requires a unique format. Formats are required for time multi-
plexing analog and serial digital data, identifying frames of film annotating
tape recordings, graphic CRT displays, etc., Formats must even be provided
for such mundane activities as labeling tape and film canisters. The

information contained in most of the formats simply identifies the time the
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data was obtained, the particular activity involved, and other clarifying
details which serve to separate the particular activity or sample from others

of a similar nature.

Fixed formats for data time multiplexing are somewhat more complex, They
produce synchronous data streams by assigning a particular time slot to each
word allowing its identification with a single synchronizing word at the begin-
ning of each group or frame. Asynchronous data, occurring when the timing
relationship is not fixed, requirc an address or identifier for each word,
Transfer of measurement values only when a change in level occurs results

in such data.

Tradeoffs established that the CPL would include a formatter providing a
synchronous data stream for control, checkout, and recording. Figure 10-18
illustrates a tentative format which accommodates channel requirements with
some capacity for growth. Since an off-the-shelf un.t would actually be
selected to perform the acquisition function, the fixed formats available in
the machine would actually be used. However, the example does provide

sizing data and an indication of the units simplicity.

The prime frame has been divided into 64 time slots and a frame rate of c~e
frame per second selected., Forty of the time slots are supercomrutated 1o
produce four channels (Al to A4) sampled 10 times per second. Eight time
slots (BlZ to B19) are subcommutated to provide 80 channels sampled 0. 10
time per second and one time slot (B20) is sub-subcommutated to provide

100 channels sampled 0.01 time per second. The remaining 11 channels

(Bl to Bll) are sampled one time each secord, The format accommodates

all present channel requirements (99) at the requisite rates while also pro-
viding additional lower rate channels for a total of 195. A field (all channels
sampled) is completed in 100 prime frames and, at 10 bits per sample to pro-

vide the required conversion accuracy, a data rate of 640 bps results.

Graphic displays also require a more complex form of formatting. The first
format which must be provided is a menu which points to the programs resident
in memory and allows their callup; each would, perhaps, have its own unique

format for data presentation. As a minimum, the CPL will require the
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presentation of the daily schedule of experiments, the procedure to be
followed, checkout fail, and trend data showing resource consumption,
Figure 10-19 illustrates typical formats which may be employed. In actual
practice, it is expected that the Spacelab will have these formats available in

bulk memory; i.e., no special development for the CPL should be necessary,
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Section 11

CLOUD PHYSICS EXPERIMENT LABORATORY SCHEDULES

11.1 SUMMARY

The schedules prepared in this study comprise the effort defined in the WBS
for all phases of the Zero-Gravity Cloud Physics Experiment Laboratory
(CPL) project, from definition/preliminary design (Phase B) through desigr,
development/operations (Phase C/D)., The schedules are structured to be
consistent with the WBS, the available program definitions, and ground rules
established for the study. Major program and interfacing milestones
established in the project schedule are the basis for activity timing and
sequence at all levels of schedule development. Schedule timing and esti-
mates are commensurate with the project definitions and the relative level
of study effort at this time; and with the understanding that they are for

preliminary planning and tradecff purposes only,

Schedules (Figures)1l-1, 11-2, and 11-3) are presented in a format consistent
with a Phase A level of effort, They identify hardware, prototypes, models,
and early technology suitable for evalua.ion of design, performance, and
production. Coinponents and contract items requiring early development,
critical performance, or specialized testing are sequenced in proper
relation to higher level requirements. Detail design, development, test,

and evaluation of hardware, software, and procedures are indicated as well
as supporting equipment, systems engineering, and integration and project

managemert needed to complete the progran: documentation,

Three major activities are required to achieve the schedules: (1) a supporting
research and technology program in direct support of the CPL concept;

(2) a combined design, development, and operational phase (C/D); and (3) the

development of cloud physics experiments ir. essentially the same period and

in parallel with the CPL project. :
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Time-phasing with the SRT program must be established coincident with

requirements for definition, design and development of the CPL project

systems.

Advanced Development will contribute to the early Phase C/D

and must be completed in the early aesign period to prevent schedule impact.

Supporting Development activity decision action will occur several months

before final engineering design is complete.

11.2 SCHEDULE GUIDELINES
The ground rules established to provide reasonable boundaries within which

to define the project schedules are:

A,
B.

mo

o

Begin to conduct Cloud Physics Experiment Missions 02 Qctober 1980,

Deliver first CPL Operational Vehicle (OV) to the launch site

9 months before launch (03 January 1980),

Consider experiment carrier to be Spacelab/Space Transportation

System.,

Prowvide for program operations to extend through CY 1991.

Assume Spacelab/STS to become available as required to support

CPL launches.

Assume 6 month turnaround time, launch to launch, for the CP.

Assume total system definition is accomplished prior to the start

of hardware development,

Provide hardware procurement, fabrication, assembly, and test

guantities as noted: :

1. Procure critical material for all requirements on first buy;
prototype and production.

2. Fabricate all parts on one order except as noted below,

Assemble prototype and qualifiable parts at the same time

{(PVM and qualification test),

Assembly qualifiable parts for OV's following QT acsemblies,

Retain FM at MDAC as an engineering model for future changes,

Usable subsystem portions left after Development Testing

are sent to FM,

7. Usable subsystem portions left after Qualification Testing
(75 percent) are se.'t to the PVM (then to simulator),
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8. PVM is delivered to ECC for use as a simulator, after factory
completion and checkout.

9. A second simulator is assembled from qualification parts
following second production unit (See item 7).

10. Spacelab is considered a vendor for purposes of obtaining

Spacelab parts for use in the CPL.,

The combined Phase C/D will be initiated in January 1977. Phases C and D
are addressed as combined; however, they are depicted separately o1
schedules in order to identify critical key milestones which impact lower
level schedules. Early activity in Phase C/D will provide a realistic state-
ment of technological capability, a detailed system design to meet hardware
specification requirements and detailed implementation, development and
budgetary plans. Several key project milestones are indicated on CPL

schedules and must be achieved if project commitments are to be met.

11.3 PROJECT SCHEDULE FACTORS

Test philosophy activity has identified the CPL test articles to be utilized

in the ground test program for integration activities and multiple system
testing. Subsystem and system integration testing and software development
will be performed on two major test articles, one of which is referred to

as the Functional Model (FM) and the other as the Pronject Verification Model
(PVM). The planning is organized to limit the models to a minimum number
and yet satisfy the development and operational requirements. An example
of this is the utilization of the PVM for (1) manufacturing developraent and
tool fabrication; (2) factory system integration testing, software development,
and operating procedure development; (3) training and mission planning; and
(4) integration of experiments and checkout of CPL modifications for update
installation., Development of the GSE is accomplished in connection with

development of the FM and PVM,

The FM is a development tool that is functionally equivalent to an operational

vehicle but in a rack-and-panel type assembly, The FM utilizes qualifiable
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type, prototype, flight equivalent, and simulated aerospace vehicle
equipment (AVE). The major objective of the FM is to perform interface
development testing among AVE subsystem and betweer AVE subsystems
and GSE in preparation for support of the system level integration and
development testing. The FM will be maintained at the factory as a develop-
ment tool for interface verification of later requirements for update

installation.

The initial use of the PVM is to provide a check of the physical compatibility
of subsystem design configurations early in their development. Non-
operational subsystems are used for manufacturing development and tool
fabrication, The primary objectives are:

A, To verify manufacturing methods.
. To check assembly procedures.
. To assist in determining tooling requirements,
To establish control line and cable routing.
To establish electrical wire harness routing.

To verify component accessibility.

Q"i?’pﬂtﬁ

To develop and verify maintenance procedures.

To facilitate design change feedback.

To serve as an additional man system procedure definition tool,

"‘:-om

.

To verify mechanical clearances.

Some time prior to completion >f tool fabrication, flight equivalent subsystems
will be utilized in the PVM. From this time forward and prior to CPL
launch, the PVM includes people, procedures, facilities and production
equipment and is used to verify development completion of the CPL at the
factory and at KSC. At the factory, the PVM will be used for system
integration testing, software development and operating procedure develop-
ment. This model will be produced in the same factory manufacturing and
testing facilities where the operational venicle is produced. Following
manufacturing and checkout at the factory, the PVM will be delivered to
ECC. This model will be used for training and mission planning purposes
as well as installation of experiments and checkcut of CPL modifications for

update inatallation.

11.7



Mockups are relatively inexpensive development tools which prove invaluable
in early verification of many facets of the design. The installation mockup,
which will be updated from the Phase C activity, will be maintained to
reflect the current design as the design progresses toward the operational
phase. The mockup will be used as a development tool for optimizing

man/system interface relationships.

Preliminary schedule planning indicates a need for one set of GSE for the
FM, one set of GSE for the PVM, which will be utilized at the factory and
shipped with the unit for support of miseion integrator activity, and two sets
of operational CPL GSE. One operational set is to be used at the factory
and shipped to the launch facility with the first operational CPL. An addi-
tional set is required at the factory to support production and acceptance

te ‘ing of the second operational CPL and the CPL simulator. This second
set is then delivered with the simulator and is available as a backup at ECC

or the launch site.

In addition to test article and operational GSE there will be experiment,
launch and flight operations GSE. Launch operations GSE is required to
support the CPL or experiments during preparation and launch at the launch
facility, Flight operations GSE includes any specializec equipment required
for flight operations, communications and command and control of the CPL

and installed experiments.

Launch operations will begin with receipt of the CPL and GSE at the lauach
site approximately 9 months before launch, CPL checkout, CPL/Spacelab
interface verification, and complete system checkout will be performed; and
final installation of experiments suitable for launch site installation will be
completed. Normal integration and system tests will be performed and

the CPL launched on board a Spacelab via the Space Transportation

System (STS).
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11.4 LABORATORY SCHEDULE

The CPL Project Schedule (Figure 11-1) includes the Cloud Physics
Laboratory and experiment support equipment, In addition to the flight
hardware are the project management, system engineering and integration,
system test, ground support equipment, facilities, logistics, ground

operations, flight operations and Principal Investigator operations, required

to support the design,development, launch and mission operations of the CPL.

A schedule for each of the CPL project areas is presented in Figure 11-1,
These schedules identify the project 1 laboratory level requirements and the
activities required. The schedules show major miles.ones and key events
related to each area, The master program chart, Figure 11-2, presents the
major milestones from initiation of SRT-advanced development through

completion of Flight 2 Principal Integration final report.

11.4.1 Supporting Research and Technology (SRT)

Advanced Development

The activities normally start during the definition phase (Phase B), but in
some selected cases may start some months prior to this time and extend
into the design phase (Phase C). The prime concern is to firm up the

performance requirement specification prior to the stert of development.

Supporting Development
The activities lead to the development of backup or alternate subsystem
and/or components., The effort should be concurrent with the major develop-

ment effort during the design phase (Phase C).

11.4.2 Interfacing Milestones
These activity milestones are taken from information furnished by the

customer and/or participating interfacing program contractors.

11.4.3 Cloud Physics Laboratory Milestones
A, ATP - Authority to Proceed - customer-directed date.
B. CDR - Critical Design Reviews are formal technical reviews of the
design of a contract end item. This effort should be accomplished

ne



when the design is essentially complete to formally establish a
basis for release of contract end item design and supporting
activities for manufacture.

C. FACI - First Article Configuration Inspection is a formal technical
review to establish the similarity between the manufactured hard-
ware and the released engineering and to verify that the vehicle has
been proven capable of being used as originally intended through
other associated test programs. This effort takes place following
manufacturing completion and prior tc factery delivery.

D. 10OC - Initial Operational Capability - Customer-directed launch
date. Launch of the first production vehicle capable of performing
the intended mission, '

E. PDR - Preliminary Design Review is a formal technical review of
the basic design approach for a contract end item. The PDR is
accomplished early in the development phase (Phase D) to establish

the system compatibility of the design approach.

11.4.4 Project Management

This effort encompasses the planning, scheduling, budgeting, controlling,
and directing of project activities. Starting at ATP it is continuous throughout

the life of the program,

11.4.5 System Engineering and Integration

Initiated at ATP, the SE&I is the o+ rall analysis and control of the Cloud
Physics Laboratory engi.eering requirements, specifications, drawings,
interface compatibility, and integration., The effort is continuous to a

varying degree throughout the program,

11.4.6 Cloud Physics Laboratory

11.4.6.1 Design Engineering
The objective of design engineering is the translatior of the requirements of

the Cloud Physics Laboratory project specifications into the detailed design
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of the operational system. Design reviews are required to neasure
compliance with specific design accomplishments. The effort that was
initiated at ATP continues at a relatively even level of effort through CDR,
tapering to zero with the release of final installation drawings. All effort

following final drawing release is defined as sustaining engineering.

11.4.6.2 Subsystems

Development (Fabricaticn, Assembly, and Test)

Subsystem development takes place over the period from PDR to the start of
final qualification testing to determine and evaluate the design feasibility
and to demonstrate that the design meets the specified requirements.

Included are the fabrication assembly and integration of test specimens.

Qualification (Fabrication, Assembly, and Test)

Subsystem qualification tests, performed to demonstrate specification
compliance, start with the first qualifiable hardware available following
critical design review of a specific item, All tests are expected to be
complete no later than the mid-point of system test operations taking place
on the PVM,

11.4.6.3 Operational Laboratory

Detail Fabrication
Fabrication of CPL production details is initiated with the release of

engineering drawings, following CDR, and continues as necessary to support

sub and major assembly of the operatonal laboratory.

Subassemblz

Starting with the availability of first production details, subassembly is
expected to be complete with the delivery of the final unit midway through

major assembly,

Major Assembly
Subsystem installation, integration, factory checkout, and final acceptance

are included i:. major assembly, Activity starts with the availability of the

first completed subassemblies, in line with completion of PVM subsystem

1-1
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installation and integration which provides proven methods and lea2:»ing
developed during the PVM assembly. Activity is complete when the vehicle

is delivered to the launch site.

11.4.7 Experiment Support Hardware

11,4,7.1 Design
Design of experiment support hardware lags the design of the CPL by frem
one to two months to allow for availability of CPL design informatior,

effecting the ESH,

11.4,7.2 Development, Fabrication, Assembly, and Test
This activity, although lagging at the start because of design, is approxi-
mately in parallel with like events of the operational laboratory and will be

complete at the same time.

11.4.8 System Test

11.4.8.1 Mockups
This is a continuing and expanding effort that was started in Phase B, The
effort is expected to be 90 percent complete before CDR, followed by only

minor activity for new development or change requirements,

11.4.8,2 Major Test Articles

Functional Model

Activity is initiated with the fabrication of racks and installation of bread-
board subassemblies, following PDR., Subsystem installation and integration
and functional testing is expected to be completea to support the start of test

operations on the PVM,

Project Verification Model (PVM)

PVM assembly start is synomymous with the initiation of manufacturing

development and tool fabrication. This is just prior to final PDR. PVM
activity continues through the installation and iniegration of subsystems and
test operations. Activity completion is timed to coincide with the start of

factory checkout on the first production vehicle.
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11.4.8.3 System Test Operations
This effort starts with initial test operation of the FM, includes test opera-
tion of the PVM, factory checkout of the production vehicle, and is complete

vith final acceptance test and preparation for delivery,

i1.4.9 Ground Support Equipment

11.4.9.1 Design

Ground support equipment design lags CPL design by 2 months to ensure

compatibility.

11.4.9,2 Development, Fabrication, Assembly, and Test
Starting at PDR completion, the GSE development cycle continues through
the completion of flight operations equipment, 2 months before first CPL

launch,

11.4.10 Facilities

No CPL-unique facility requirements have yet been identified. Generally,
facilities planning identifies requirements peculiar to the CPL project in
Phase B and continues into Phase C to include new facilities, modifications
to existing facilities, documentation requirements, and interrelationships
with other elements of the national space program. Specifications., A&E
design, construction and activation follow in this order. The effort is
complete with launch facility modification and reactivation about the time

of first flight hardware delivery.

11.4.11 Logistics

Support prelaunch operations, following CPL and GSE Engineering release.
Activities are initiated with the establishment of requirements for hardware
and software, T.ogistics support to the CPL project is a continuing effort

including Training, Transportation and Handling, and Inventory Control.
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11.4,12 Ground Operations

11.4.12.1 Launch Operations

Launch operations comprise the hardware and sottware activities involved
directly in the prelaunch and launch operations at the launch site. This
activity is initiated approximately 8 months tefore firat CPL launch with

the requirements and procedures identification, Site activation, assembling
delivered CPLl equipment, servicing, irstallation cf the CPL in the Spacelab,
checkout, postflight removal of the CFL, etc., are continuing functions for

the life of the program,

11.4,12,2 Maintenance and Refurbishment
This activity takes place in parallel with the launch operations activity to
identify the requirements and procedures needed to accomplish this task

and to complement that activity. It also is a continuing effort for the life

of the program.

11.4.13 Flight Operations for Cloud Physics Laboratory Launches

Flight operations activity of the CPL start with launch of the first
operational vehicle and continue in support of each launch and on-orbit
operation for the life of the program. This includes the availability of
tecknical personnel in an advisory capacity and the resolution of real-time

CPL problems,

11.4.14 Principal Investigator Operations

11.4.14.1 Planning and Flight Operations

This activity, performed by the principal investigator(s), is initiated early
in the program to formulate the experiment mission objectives and define
the experiment mission laboratory equipment. It is a continuing effort
including coordination of astronaut training, formulation of mission time-
lines, performing in-flight operations, debriefing, data reduction, and

preparatior of experiment mission reports,
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11.4,14.2 Support Equipment

Principal investigator support equipme it is unique to Principal investigator
requirements not supported by other CPL systems. Design, development,
test, and evaluation of this equipment starts early in the program, following
the basic CPL requirements definition. The equipment is produced, checked
out, and delivered as necessary to support Principal Investigator operations

activity but not later than delivery of the first nperational CPL to the launch

site,

11.5 SUBSYSTEM SCHEDULES
The Cloud Physics Laboratory (CPL) (WBS 3.0) is composed of the following

subsystems;
WBS No. Subsystem
3.1 Final Assembly, Integration and Checkout
3,2 Thermal Control/Expendables and Control
3.3 Particle Generators
3.4 Data Management
3.5 Particle Detectors and Characterizers
3.6 Experiment Chambers and Aerosol Conditioning
3.7 Console
3.8 Optical Detection and Imaging Devices

Figure 11-2 defines the development/production master schedule for the
CPL.

The schedules show cesign, development, test, and manufacturing require-
ments, CPL subsystem level activities presented include design engineering,
subsystem development test qualification test and deliveries and operational

vehicle manufacturing require nents,

The composite subsystem development and qualification test time spans are
established based on the CPL system level time requirements as constrained
by the program phase durations. The individual subsystem development

and qualification testing is performed initially during the test time spans
allocated. Subsystem integration testing in the functional model (FM) and
project verification model (PVM) is then performed at the CPL system level.
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A scheduic for each of the subaystems is presented in Figure 11-3., These
schedules identify subsystem level requirements and development activities
required to design, test, and prcduce the subsystems. The schedules show
major milestones, key events, and critical actions related to each sub-

syvstem,

Subsystem Design, Development. Test and Evaluation (DDT&E) begins with
Phase C/D ATP and ends at qualification test completion, Manufacturing
time spans begin with nonoperational units for mockup and PVM and end
when manufacturing of production units for spares is complete. Non-
operational units are required for mockups and the project verification test
article (PVM) during early manufacturing development and tool fabrication.
Nonqualification units are required for development test and the functional
test model (FM), Qualification units are required for qualificat on testing,
for PVM subsystem assembly, integration and system verification testing,
and for the completion of the CPL simulator. Production (flight article)
units are supp'ied for two CPL operational vehicles and to support the

spares requirements.

The schedules represent the time-related synthesis of a number of influenc-

ing fa.cors, which are discussed in the iollowing paragraphs,

Two non-qualification units are produced for 2ach subsystem. One unit of
the consule subsystem is shipped directly to the PVM. One unit of each of
the other subsystems is used for development testing of the subsystem. The

second nonqualification unit of each subsystem is shipped directly to the FM.

Two qualification units are produced for eac!. subsystem. The first unit is
used for qualification testing. At the completion of qualification testing

the usable portion of the subsystem (75 percent) is shipped to the simulator.
An additional 25 percent of an equivalent subsystem is produced and chipped
directly to the simulator., Assuming successful qualificaticn test using

the first unit, the second quilification unit is shipped dirertly to the PVM
upon completion of manufactures. Additional testing is performed early in
the d2velopment phase at the component, subassembly and assembly levels.
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“Le CPL subsystems will require unique design, development and tes!
wotivities, Those systems defined as major problem arcas will require
estensive investigation, development and qualification Many of the com-
ponents and assemblies have been employed in other progra .. and are
categorized as standard equipment design. However, difficulties relating to
modification of commercial and terrestrial laboratory equipment required
to withstand launch loads and zero-g environments and development of

new equipment, will necessitate detail attention and development verification

to assure that all technical requirements are achieved.

The requirement to design, develop, test, and produce the Cloud Phy-ics
[.aboratory within a 36- month period and the expected long-lead procurement/
inajor subcontractor delivery of components ind subassemblies precludes

the use of “istorical schedule practice in some areas. Schedule compression
is reflected in development and qualification test overlans, minimum assembl:
and integration time, early initiation of long-lead procurement/major sub-

contracts, ATP, and greaier dependence on SRT advance development.

The subaystems are composed ol many different assemblies that require
integration within each other and with the configuratior. A diversity of
technology is required to develop successful subsystems, including high-
pressure gas storage, atmosnhere pressure and compesition ccntrol,
vacuum pumping, temperature and hu.nidity control, droplet charge
distribution, particle generation, heat transfer and electromechanical

control,

There are areas of technical capability in the exnwerimcent chambers/aerosol
cunditioning and the particlr generator subsysteir+ that are unique and
require special attention during the design and development period. Included
is particle generation, particle detection, and chamber wall integration.

A development test program to investigate de*ails of design and material

use along with persistent attention to detail is requirec to provide the high

reliability to support experimant conclusions.
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Key subystem level problems are: (1) the integration of the many assemblies
so that they are compatible with each other, and (2) the integration of these
assemblies into the configuration, Many of these assemblies, such as
atmosphere temperature control and the heat transfer circuits, are sensitive
to the configuration. Therefore, it is vital to complete integrated subsystem

level tests before final qualification of cssemblies.

An additional 6 months, 42 months from ATP to first production delivery,
would benefit the overall project by allowing development, evaluation and
qualification to take place in a more timely manner. Development risk
would decrease, the schedule confidence level would increase, and the
possibility of a reduction in GSE requirements could be better explored.
The depth of funding and the success achieved in the SRT development will
affect the magnitude of development problems in Phase C/D and assure

that the resulting concept is an optimum design.
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Appendix
WORK BREAKDOWN STRUCTURE AND DICTIONARY
FOR

ZERO GRAVITY CLOUD PHYSICS EXPERIMENT LABORATORY
DEFINITION STUDY
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A.1 INTRODUCTION

The proposed MDAC Cloud Physics Experiment Laboratory Project Work
Breakdown Structure (WBS) Lictionary defines the scope of each item in the
WBS. In doing so, it provides a means for locating the proper '""home' for

functions/tasks as they are identified,

A.2 WORK BREAKDOWN STRUCTURE

The Cloud Physics Experiment WBS is a product-oriented display of both
hardware and key functions that define the end product to be developed and
produced, The WBS serves as a common framework for Program Definition

‘n structuring the technical plan, development schedule, and cost definition.

The Cloud Physics Experiment Laboratory Program will be accomplished in
three phases, These phases are described as follows:

A. Design, Development, Test and Evaluation (DDT&E) -~ This phase
consists of the cost of designing, developing, testing, and evaluating
an item, Specifically, it includes such items as the following:
Development enginecring and development support, major test hard-
ware, captive and ground test, ground support equipment, tooliny,
special test equipment, and site activation.

B, Production -- This phase is defined as the costs associated with
producing flight hardware through acceptance of the hardware by
the Government including all costs associated with: (1) the fabri-
cation, assembly, and checkout of flight hardware; (2) ground test
and factory checkout of flight hardware; (3) initial spares; and
(4) maintenance of tooling and special test equipment,

C. Operation -- This phase is defined as the cost associated with the
following activities:

1. Support Operations are defined as (1) replacement spares to
support both operational airborne and ground hardware (not
GSE), (2) sustaining engineering to support the production of
spares and hardware modifications, and (3) maintenance of
GSE and spares for GSE,
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2. Launch Operations -- The costs for receiving the flight
hardware, prelaunch assembly into the Orbiter vehicle, test
and checkout, servicing, launching, and post-launch support
directly related to the Cloud Physics Laboratory,

3. Mission Operations -- The cost of mission control, mission
planning, fligiit crew training, simulation aids required for
crew training (not to include the cost of those items identified
elsewhere), and in-flight mission costs directly related to the
Cloud Physics Laboratory,

4, Maintenance and Refurbishment Operations -- The cost of
activities required to maintain and restore a previously flown

reusable system to a flight readiness condition,

The applicability of the various WBS's to these phases is depicted in
Table A-1,
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Table A-1 (Sheet 1 of 2)

EFFECTIVITY OF WBS ELEMENTS

Contract Phase

WBS No. WBS Element DDT&E Production Operations
1.0 Project Management X X X
2.0 System Engineering and X X X
Integration
3.0 Cloud Physics Experiment
Laboratory
3.1 Final Assembly Integration
and Checkout
3.2 Thermal Control/ X X X
Expendables Storage and
Control
3.3 Particle Generators X X X
3.4 Data Management X X X
3.5 Particle Detectors and X X X
Characterizers
3.6 Experiment Chambers and X X X
Aerosol Conditioning
3.7 Console X X X
3.8 Optical and Imaging X X X
Devices
4.0 Experiment Support Hardware X X X
5.0 System Test X
6.0 Ground Support Equipment X X X
7.0 Facilities X X X
8.0 Logistics
8.1 Training X X
8.2 Transportation and Handling X X X
8.3 Inventory Control X X
9.0 Ground Operations
9.1 Recovery Operations X
9.2 Maintenance/Refurbishment X
Activities
9.3 Checkout Operations and X
Certification for Flight
9. 4 Launch Operations X
10,0 Flight Operations
10,1 Mission Planning X
10,2 Flight Control and X

Evaluation
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Table A-~1 (Sheet 2 of 2)
EFFECTIVITY OF WBS ELEMENTS

Contract Phase

WBS No, WBS Element DDT&E Production Operations
11,0 Principal Investigator
Operatioas
11,1 Pl Planning Operations X
11,2 Pl Preflight Operations X
11,3 P1 Flight/Postflight X

Operations

AS
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WBS DICTIONARY

WBS 0.0 CLOUD PHYSICS EXPERIMENT LABORATORY PROJECT

This summary element contains all labor and material required
to design, develop, manufacture, procure, assemble, test,
check out and deliver flight Cloud Physics Experiment Labora-
tory to the Marshall Space Flight Center. Also provided are
test articles, mockups, support equipment, training, and flight

support activities,

This element is subdivided into:

WBS No. Title

1.0 Project Management
2,0 System Engineering and Integration
3.0 Cloud Physics Experiment Laboratory
4.0 Experiment Support Hardware
5.0 System Test
6.0 Ground Support Equipment
7.0 Facilities
8.0 Logistics
9.0 Ground Operations

10,0 Flight Operations

11,0 Principal Investigator Operations

WBS 1,0 PROJECT MANAGEMENT

This element contains the effort associated with planning,

scheduling, budgeting, controlling, and directing project activi-
ties, Also included is the accomplishment of such disciplines as
Configuration Management, Performance Management, GFE

Management, and Data Management, Customer liaison and con-

tract administration are also performed in this element,
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WBS 2.0

WBS 3,0

SYSTEM ENGINEERING AND INTEGRATION

Overall system analyses, trade studies, weight analysis and

weight management, interface control between laboratory sys-
tems and the scheduling, check, and release of engineering draw-
ings are performed in this element, Preliminary and final design
reviews are coordinated and conducted here, Also included are
the preparation of project-level specifications, establishment of
test program requirements, cost optimization and safety, relia-
bility, producibility, a nd quality analyses, Integration of the
Cloud Physics Experiment into the Spacelab is included.

All other integraticn (i,e.,, Spacelab with other payloads) is the

responsibility of others,

CLOUD PHYSICS EXPERIMENT LABORATORY

This summary element contains all the laktor and materials

required to design, develop, manufacture, procure, assemble,
test, check out, and deliver flight laboratory units and opera-
tional spare parts. Subsystem and component development and
qualification tests are conducted. Purchased parts are qualified

by the suppliers,

This element is subdivided into:

WBS No, Title

3.1 Final Assembly, Integration and Checkauut

3.2 Thermal Control/Expendables Storage and
Control

3.3 Particle Generators

3.4 Data Management

3.5 Particle Detectors and Characterizers

3.6 Experiment Chambers and Aerosol
Conditioning

3.7 Console

3.8 Optical and Imaging Devices
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WBS 3.1

WBS 3,2

WBS 3.3

FINAL ASSEMBLY, JNTEGRATION, AN CHECKOUT

This element contains all labor and mat:rial required to integrate

the various system modules into a viable laboratory, Final
assembly, including attachment and installation hardwarc, {inal
factory acceptance operations, packaging/crating, and 51 ... .
to KSC are included. Also included are the preparatio: of final
factory acceptance checkout procedures, manufacturing liaison,
and the coordination and accomplishm.ent of customer accepiaunce

of the completed articles,

THERMAL CONTROL/EXPENDABLES STORAGE AND
ONTROL

This summary element contains all labor and material necessary

to design, manufacture, procure, assemble, test (development
and/or verification), inspect, and check out the thermal control
and the storage and control of expendables, Also included are:
design and fabrication/purchase of test specimens and opera-
tional spares; preparation of engineering drawings, procedures,
specifications; supplier qualification and coordination; design and

fabrication of tooling, and production planning.

This element is further subdivided into:

WBS No, Title
3.2.1 Integration, Assembly, and Checkout
3.2,2 Thermal Control
3,2.3 Flow, Humidity, and Pressure Control
3.2.4 Expendables Storage
3.2.5 Instrumentation and Display Subassembly
3,2.6 Expendables
3,2.7 Cleansing Purge and Vent Subassembly

PARTICLE GENERATORS
This summary element contains all labor and material necessary

to design, manufacture, procure, assemble, test (development
and/or verification), inspect, and checkout the particle gen-
erators. Also included are: design and fabrication/purchase
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WBS 3,4

of test specimens and operational spares; the preparation of
engineering drawings, procedures, specifications; supplier
qualification and coordination; design and fabrication of tooling;

production planning,

This element is further subdivided into:

WBS No. Title
3.3,1 Integration, Assembly, and Che- kout
3.3.2 Wire Probe Retractor Generator
3.3.3 Water Drop Impeller Generator
3.3.4 Vibrating Orifice Generator
3.3.5 Evaporator/Condenser Generator
3.3.6 Spray Atomizer Generator
3.3.7 Powder Dispersion Generator
3.3.8 Particle Injector and Size Conditioner
3.3.9 Instrumentation/Displays

DATA MANAGEMENT

This summary element contains all labor and material necessary

to design, manufacture, procure, assemble, test (development
and/or verification), inspect and check out the data management
subsystem, Also included are: design and fabrication/purchase
of test specimens and operational spares; the preparation of engi-
neering drawings, procedures, and specifications; supplier
qualification and coordination; design and fabrication of tooling;

productiorn planning.

This element is further subdivided into:

WBS No. Title
3.4.1 Integration, Assembly, and Checkout
3.4.2 Control Processor Assembly
3.4.3 Tape Recorder Assembly*
3. 4.4 Master Control Assembly

*Furnished by Spacelab or GFE,
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WBS 3.5

WBS No. Title

3.4.5 Signal Conditioning Electronics Assembly
3.4.6 Instrumentation and Display Assembly
3.4.7 Expendable.

3.4.8 Cable Assemblies

PARTICLE DETECTORS AND CHARACTERIZERS

This summary element contains all labor and material necessary

to dasign. n.anufacture, procure, assemble, test (development
and/or verification), inspect and check out the particle detectors
and characterizers subsystem, Also included are: design and
fabrication/purchase of test specimens and operational spares;
the preparation of engineering drawings, procedures, specifi-
cations; supplier qualification and coordination; desig: and falri-

cation of tooling; production planning,

This element is further subdivided into:

WBS No. Title
3.5.1 Integration, Assembly, and Checkout
3.5.2 Optical Particle Counter
3,.5.3 Pulse Height Analyzer
3.5.4 Condensation Nucleus Counter
3.5.5 Microporous Filter
3.5.6 Quartz Crystal Mass Monitor
3.5.7 Cascade Impactor
3.5.8 Electrical Aerosol Size Analyzer
3.5.9 Scatterometer
3.5.10 Liquid Water Content Meter
3.5.11 Droplet Size Distribution Meter
3.5.12 Optical Thermoelectric Dew Foiut Hygrometer
3.5.13 Electric Dew Point Hygrometer
3.5.14 Instrumentativ./ Misplays
A0
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WBS 3.6

WBS 3,7

EXPERIMENT CHAMBERS AND AEROSOL CONDITIONING

This summary element contains all labor and material necessary

to design, manufacture, procure, assemtle, test (development
and/or verification), inspect and check out the experiment
chambers and aerosol conditioning, Also included are: design
and fabrication/purchase of test specimens and operational
spares; the preparation of engineering drawings, procedures,
specifications; supplier qualification and coordination; design and

fabrication of tooling; production planning.

This element is further subdivided into:

WBS No., Title
3.6.1 Integration, Assembly, and Checkout
3.6.2 Static Diffusion Liquid Chamber Assembly
3.6.3 Static Diffusion Ice Chamber Assembly
3.6.4 General Chamber Assembly
3.6.5 Expansion Chamber Assembly
3.6.6 Continuous Flow Diffusion Chamber Assembly
3.6.7 Earth Simulation Chamber Assembly
3.6.8 Nuclei Conditioning Assembly
ONSOLE

This summary element contains all labor and material necessary
to design, manufacture, procure, assemble, test (development
and/or verification), inapect, and check out the console subsys-
tem, including the console support structure and subassembly
(mounts, packages, restraints and tools), and power control and
distribution assembly., Aleo included are design and
fabrication/purchase of test specimens and operational spares;
the preparation of engineering drawings, procedures, specifica-
tions; supplier qualification and coordination; design and fabri-

cation of tooling; production planning.

A1
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WBS 3.8

This element is further subdivided into:

WBS No., Title
3.7.1 Integration, Assembly, and Checkout
3.7.2 Console Support Structure and Subassembly
3.7.3 Power Control and Distribution
*3,.7.4 Console Panels and Drawer Subassembly
#3,7.5 Overhead Storage Subassembly
3.7.6 Floor Segment Subassembly
3.7.7 Instrumentation/Displays

OPTICAL AND IMAGING DEVICES

This summary element contains all labor and material necessary

to design, manufacture, procure, assemble, test (development
and/or verification), inspect, and check out the optical and
imaging devices subsystem, Also included are: design and
fabrication/purchase of test specimens and operational spares;
the preparation of engineering drawings. procedures, specifica-
tions; supplier qualification and coordination; design and fabri-

cation of tooling; production planning,

This element is further subdivided into:

WBS No. Title
3.8,1 Integration, Assembly, and Checkout
3.8,2 Cine Camera (35 mm)
3.8.3 Still Camera (35 mm)
3,8.4 Microscope Trinocular
3.8.5 Video Camera Assembly (16 mm)
3.8.6 Light Source
3.8,7 Anenometer
3.8.8 Stereo Microscope
3.8,9 IR Microscope
3,8.10 Support Equipment/Expendables
3.8.11 Displays

#Note: No need identified, Provided by Spacelab at no cost to CPL,

A-12
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W8S 4,0

WBS 5,0

EXPERIMENT SUPPORT HARDWARE

This WBS element is presently for reference only as, to date, no

payload -unique support equipment is identified with CPL, If
such equipment becomes existent, this element shall contain all
labor and material necessary to design, manufacture, procure,
assemble, test (development and/or verification), inspect ard
check out the experimer* support hardware, Included are the
hardware, equipment (including ancillary equipment) not pro-
vided by others (i.e.,, Spacelab), but which are required for
integration of the Cloud Physics Laboratory into the Spacelab and
for assurance of proper operation of the Cloud Physics Labora-~

tory ufter it has been integrated,

SYSTEM TEST

In this element are performed the planning, coordination, design,

setup, conduct and evaluation of the system-level development
and verification tests, Also provided are all effort and
materials required to design, build and maintain system-level
test articles, Hardware unique to the system-level tests is
designed and manufactured or purchased and test procedures are
prepared, In a similar manner, hardware and software unique

to the mockup are provided,

This element is subdivided into:

WBS No, Title
5.1 System Test Planning
5.2 Major Test Articles
5.2.1 Mockups
5.2.2 Functional Model
5.2,3 Project Verification Model
5.3 System Development Testing
5.4 System Verification Testing

A3
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WBS 6,0 GROUND SUPPORT EQUIPMENT (GSE)

The design, manufacture, procurement, assembly, test,
checkout and calibration/maintenance of ground support equip-
ment (GSE) is performed in this WBS element., This equipment
is used to handle, service or check out the various laboratory
subsystems, either individually or collectively, during factary
acceptance checks or launch operations, Included are: design
and fabrication/purchase of all hardware; spares; the prepara-
tion of engineering drawings, procedures, specifications; manu-
facturing liaison; supplier qualification and coordination; design
and fabrication of tooling; production planning; and any software
peculiar to the GSE,
This element is subdivided into:
W BS No, Title

6.1 GSE Integration

6.2 Electrical GSE

6.3 Mechanical GSE

6.4 Transportation and Handling GSE

6.5 GSE Software

WBS 7.0 FACILITIES

If new facilities, or modifications to existing facilities, are
required, they are provided in this WBS element, Included are
the planning, coordination, design, fabrication, procurement,

inspection, installation, setup, checkout, acceptance, and acti-

vation of these facilities, Facility operation and maintenance are
provided in this element. Facility operation and maintenance related

e AP g ey o v aa e
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to manufacturing facilities is a manufacturing cost. Facility opera-

tion and maintenance associated with launch and flight operations

is an operations cost,

This element encompasses the following subelements:

WBS No. Title
7.1 Manufacturing Facilities
7.2 Test Facilities
7.3 Launch Facilities
A-14
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WBES 8,1

LOGISTICS

This WBS summary element contains the effort to implement,
operate, and maintain a logistics management for support of the
Cloud Physics Laboratory and its related support equipment,
including transportation, handling, factory warehousing and invens
tories, systems orientation and familiarization, training of

ground crew personnel, and the design, development and manu-
facture of those distinctive end-items required specifically to
meet the training objectives, Included are operational mainte -

nance trainers, cutaways, and models,

This element is subdivided into:

WBS No., Title
8.1 Training
8.2 Transportation
8.3 Inveatory Control
TRAINING

This WBS element contains the effort required to develop train-
ing aids to operate, maintain, repair/refurbish, handle, and
check out specific Cloud Physics Laboratory mission timelines,
Included are the establishment of requirements, the preparation
of instructional materials, conduct of classes, maintenance of
necessary records, All other training is the responsibility of
others, i,e., Spacelab,

This element is subdivided into:

WBS No, Title
8, 1.1 Planning
8.1.2 Training Aids
8.1.3 Conducting Classes

A8
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WBS 8,2

WBS 8,3

WBEBS 9,0

TRANSPORTATION AND HANDLING
This WBS element refers to the preparation for, and transporta-

tion of, major items of equipment and hardware which have
special requirements due to their size, weight, shape, or
environmental control. Transportation of items not requiring
such special considerations is included within the specific
vehicle or ground subsystem element, Transportation of the
total Cloud Physics Laboratory between manufacturing assembly
facility and launch site is included in this element, Special
equipment required for handling and transporting the Cloud
Physics Laboratory is included under WBS 6,4 - Ground Support

Equipment Transportation and Handling,

INVENTORY CONTROL
This WBS element refers to warehousing and inventory controls

of materials, parts, supplies, tooling, equipment, and spares
previsioning in support of maintenance and refurbishment of the
Cloud Physics Laboratory, Included are costs of inventory con-

trol computer software and control system maintenance,

GROUND OPERATIONS
Within this WBS summary element are provided all activities

associated with launch and recovery operations and the
maintenance/refurbishment activities of the Cloud Physics

Laboratory.,

This WBS element is subdivided into:

WBS No, Title
9,1 Recovery Operations
9,2 Maintenance/Refurbishment Activities
9.3 Checkout Operations and Certification for
Flight
9.4 Launch Operations
A-18
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WBS 9.1

WBS 9,2

WBS 9,3

WES 9,4

RECOVERY OPERATIONS

This WBS element contains all efforts associated with the

planning, coordination, and implementation of recovery activi-
ties, Included are such tasks as coordination of schedules,
preparation of handling and demating procedures unique to the
recovery operations, participation in recovery working groups,
liaison and technical representation at recovery site. The
overall integration and conduct of recovery operations will not be

performed by the CPL project,

MAINTENANCE/REFURBISHMENT ACTIVITIES
Maintenance and refurbishment of flight hardware take place in

this WBS element, Also included are the coordination activities
leading to tne escablishment of requirements and subsequent
procedure preparation and validation, participation in working
groups, liaison between the maintenance/refurbishment site and
the home plant, postflight inspection of flight hardware, The
task of overall coordination and integration of these activities

will not be perf rmed by the Cloud Physics Laboratory Project,

CHECKOUT OPZRATIONS AND CERTIFICATION FOR FLIGHT
This WBS element contains the tasks associated with the checkout
and certification for flight of the refurbished CPL, Included are

the coordination activities leading to establishment of test cri-

teria, preparation of tests procedures, participation in working
groups, and liaison concerning all phases of CPL operations that
could impact flight status, The task of overall STS coordination
and integration of these activities is greater than, and will not be

performed by, the CPL project,

LAUNCH OPERATIONS
The efforts to support the launch checkout and integration are

included in this WBS element, Included are coordination and
implementation of all CPL -related launch activities, coordina-
tion of schedules, preparation of handling and checkout criteria

A7
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WBS 10,0

WBS 10,1

WBRS 10,2

and procedures, participation in launch working groups, liaison
between other activities and the launch site, and technical repre-
sentation at the launch site, The overall integration of pre-
launch and launch activities and conduct of the overall STS launch
site operations are greater than, and will not be performed by,
the CPL project.

FLIGHT OPERATIONS

This summary element contains those activities peculiar to flight

operational aspects of the laboratory. Overall integration and
coordination of these activities are not performed by the Cloud

Physics Laboratory Project,

The subdivisions of this WBS element are:

WBS No. Title
10,1 Mission Planning
10,2 Flight Control and Evaluation

MISSION PLANNING
This WBS element contains the activities associated with the

establishment of mission requirements, the preparation of
in-orbit procedures, the preparation of crew timelines, the
coordination of earth-to-orbit communications and data require-

ments, and participation in mission planning working groups.

FLIGHT CONTROL AND EVALUATION
This WBS element includes those activities peculiar to in-flight

operation of the Cloud Physics Laboratory, Postflight quick-
look evaluation of data and the preparation (i,e,, formatting) of

postflight reports occur in this element,
Subsystem in-flight performance data for the laboratory will be

reduced and cvaluated to determine maintenance and refurbish-

ment requirements,
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