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INTRODUCTION

With the advent of the Space Shuttle and the Spacelab, an opportunity is
‘being provided to significantly increase the application of space technology in
the area of weather and climate. In the past two decades space technology has
been applied very successfully in the area of automated satellites using various
remote sensing instruments to probe and observe the behavior of the Earth' s
weather patterns, composition, thermodynamics, and kinematics. The forth-
coming Spacelab will provide the necessary facilities and payload capability to
permit laboratory experiments on atmospheric processes where benefits can be
realized from the low gravity environment of an orbiting Spacelab. NASA is
currently engaged in research on two planned Spacelab payload laboratory experi~
ment efforts. They are entitled '"Atmospheric Cloud Physics Laboratory! and
"Geophysical Fluid Flow Cell.'" Both payloads are currently being developed
for flight on an early Space Shuttle Spacelab mission. Another atmospheric
processes' experiment activity by NASA is entitled ""Atmospheric Variability
Experiments' and is concerned with satellite sensor-ground truth correlative
studies with emphasis on severe storms. All three involve the participation of
many scientific and engineering talents in these important and basic areas of
research in atmospheric processes.

ATMOSPHERIC CLOUD PHYSICS LABORATORY (ACPL)

An artist's conception of the ACPL, based on studies conducted to date,
is shown in Figure 1. The objectives of the investigations to be conducted in the
ACPL are to increase our knowledge of the microphysical cloud processes and
our understanding of atmospheric behavior, thereby improving cur ability to
understand and predict the effects of inadvertent weather modification (i.e., air
pollution) and, ultimately, to modify and/or control the weather., The research
performed in the ACPL will be directed primarily to those areas of experi-
mentation which cannot be accomplished effectively in terrestrial laboratories
because of the effects of gravity on cloud drops within the chamber. The low -
gravity level in Earth orbit of the Spacelab enables the experimenter to eliminate
sedimentation and convective air motions from the system. Thus, he is able to
establish a completely static environment which greatly simplifies experiment
procedures and data interpretation., The initial emphasis is planned toward the
conduct of research dealing with the study of precipitation and cloud-forming
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1.

Atmospheric Cloud Physics Laboratory

Cameras and Optics Storage Center
-protects sensitive equipment during launch and

re-entry

High Humidity Flow Generation and Air Cleaning
Module

-flow control and air cleaning components for
preparation of chamber air

Low Humidity Flow Generation and Air Cleaning
Module

-flow control and air cleaning components for
preparation of experitment aerosol

Expansion Chamber Assembly
-research charaber which simulates formation of real
(adiabatic) clouds

Continuous Flow Diffusion Chamber Assembly
-research chamber which determines cloud con-
densation nuclei {submicrometer aerosof}
characteristics

Static Diffusion Liquid Chamber Assembly
-research chamber which provides an environment for
cloud droplet growth experiments

Saturator Assembly
-humidifies air and aerosol samples

Aerosol ‘Generation Conditioning and Character-
izations Module

-generates and conditions particulates to provide
required size and concentration for experimentation
-counts, sizes and establishes total mass of aerosol
entering the research chambers

Electronic Assemblies/Air Flow Control
-data management auxiliary equipment
-power control and conditioning equipment
-power supplies

-air pumping and storage equipment

Figure 1. Atmospheric Cloud Physics Laboratory (ACPL).
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processes where the ice phase does not occur and in the area of aerosol physics.
Following the initial flights, modification and additional equipment will extend
the early capabilities into such areas as precipitation and cloud-formation
processes where the ice phase occurs, ice-crystal growth, scavenging, elec-
trification, controlled turbulent mixing of cloudy and ambient air, etc.

With every technology gain there usually exists some technology chal-
lenges. The ACPL and geophysical fluid flow cell (GFFC) are no exception.. .
Figures 2 and 3 list some of the current engineering technology challenges which
these Spacelab payload developments are providing, Our preliminary design
studies have demonstrated that these challenges can be met satisfactorily.

They are, nevertheless, engineering technology challenges which may interest
or intrigue some of the attendees at this symposium,

® TEMPERATURE CONTROL OF EXPANSION CHAMBER WALLS
® HIGH UNIFORMITY TEMPERATURE SURFACES

® AEROSOL LOSS AND FLOW MEASUREMENT AT CONDITIONS FLOW
DiFFUSION CHAMBER INPUT

® CONTAMINANT CONTROL IN SATURATOR

Figure 2. Some Atmospheric Cloud Physics Laboratory
engineering technology challenges.

® MECHANISM OF THE FLUID FLOW VISUALIZATION TECHNIQUES

® TEMPERATURE GRADIENT TO “DRIVE” FLUID

® “ENCAPSULATING” ROTATING SECTION OF EXPERIMENT

Figure 3. Some geophysical fluid flow cell engineering
technology challenges.

The preliminary ACPL design consists of eleven subsystems — aerosol
generation, aerosol characterization, expansion chamber, continuous flow dif-
fusion chamber (CFD), and static diffusion liquid chamber (SDL), plus the
necessary support subsystems. The experimenter will be able to choose an
aerosol (size distribution, concentration, and chemical composition), charac-
terize it with common types of instrumentation, and then study its behavior in
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any combination of three cloud chambers. The system flexibility allows a
broad range of physical processes to be studied. Some pertinent points of each
of the engineering technology challenges for the ACPL listed in Figure 2 follow.

Temperature Control on Expansion Chamber Walls

As the gas (air) within the chamber expands and cools the walls must be
cooled to match. The key challenges are: (1) high temperature uniformity
in a steady state (temperature constant to +0.01°C over surface of a 30 liter
chamber, (2) rapid cool down at low power (6°C/min to 0°C), (3) high uni-
formity during cool down (+0.1°C at 3°C/min or less), and (4) accurate
measurements during cool down — including measurement of uniformity.

High Uniformity Temperature Surfaces

Control and knowledge of the water vapor content in the continuous flow
diffusion (CFD) and static diffusion liquid (SDL) chambers and the saturator
require large surfaces of very high, measurable, temperature uniformity
(£0.01°C). These three units have the following characteristics:

CFD — two plates at different temperatures, 35X 45 cm, 1.5t02 cm
spacing between plates

SDL - two plates at different temperatures, circular 15 to 30 cm
diameter, 1.5 to 2 cm spacing between plates

Saturator — two or more plates at same temperature, 20 X 36 cm,

Aerosol Loss and Flow Measurement at Continuous
Flow Diffusion Chamber Input

The requirement is to measure the air flow rate (approximately 0.5 cm®/
s) to 1 percent and also get the aerosol sample into the chamber with less than
1 percent loss by diffusion of small particles, The sample must be introduced
such that any velocity perturbations in the flow field decay prior to the aerosol
reaching the activation zone.
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Contamination Control in Saturation

The saturator must supply 500 cm?®/ s or more of air to the expansion
chamber with the mixing ratio known to £0. 5% of the measured value. This
will require a knowledge of temperature and pressure with varying degrees of
error, depending upon the measured value of pressure and temperature. More
critically, the complete absence of surface active contaminants from the wick
surfaces is also required.

GEOPHYSICAL FLUID FLOW CELL (GFFC)

The planned GFFC is illustrated in Figure 4. The objective of the investi-
gations to be conducted in the GFFC is to observe the convective flow of a fluid
between two concurrently rotating spheres in the presence of spherically sym-
metric body forces. This is a basic technology experiment which will lead to
subsequent experiments to study atmospheric type baroclinic fluid flows on
rotating spherical surfaces with an imposed radially directed body force to
simulate a gravitational force field. The ultimate objective is to provide a
deeper understanding of large scale atmospheric circulations. The behavior
of large scale atmospheric and oceanic circulations contribute directly to our
major weather system developments and climatic patterns. Most theoretical and
all experimental work on the effect of latitude depend coriolis force on nonlinear
convection, which is thought to play a crucial role on large scale atmosphere
circulations, have treated only local curvature effects. Terrestrial laboratory
experiments cannot be accomplished since the Earth's gravity field radically
interferes with simulation efforts. The low gravity of an orbiting Space Shuttle
Spacelab will permit the accomplishment of these simulations. This offers the
potential for a major step forward in geophysical fluid research which in turn
may lead to a new understanding of the large scale atmospheric and oceanic
circulations.

Figure 3 lists some of the current engineering technology challenges for

the GFFC. Some pertinent points on each of the items listed in Figure 4 are
detailed in the following paragraphs.

188



NOTES:
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3. ALL DIMENSIONS IN CENTIMETERS.

CAMERA DISPLAY PANEL

DATA DISPLAY MOUNT

VISUALIZATION OPTICS

PYREX GLASS

{TRANSPARENT CONDUCTYIVE COATING

ON INSIDE SURFACE OF OUTSIDE SPHERE
AND OUTSIDE SURFACE OF INSIDE SPHERE.

WORKING FLUID

03 OIL INLET
HEATING ELEMENTS S , | oiL ReTURN
PLEXIGLASS o] % <0 -
ol U I HIGH VOLTAGE
o /_
ALUMINUM o
FILL AND DRAIN-—__|| o 2
PLUG ) 2 o
TEMPERATURE SENSOR
(OUTER SPHERE) o . .
[ o
© VOLTAGE |
O-RING | suppLY i
|7777-§1 3 //l¥277777|
4 PUMP, OIL,
RESISTANCE { RESERVOIR,
TEMPERATURE ACCUMULATOR,
CONTROL R THERMOELECTRIC
SYSTEM COOLER AND
| HEAT STRIPS.
NOTE: THE EXPERIMENT
INSTRUMENT (GFFC PLUS
CENTRAL PANEL) OCCUPIES
ONE-HALF OF A SPACELASB
RACK
SPIN MOTOR/
SLIP RING
ASSEMBLY . '
" .
\ELECTRONICS
i
. . i
BT R |

Figure 4. GFFC mechanical layout.
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Mechanism of the Fluid' Flow Visualization
Techniques

The primary experimental data output of the GFFC is from observation
and measurement of the circulation patterns established in the fluid between the
spheres (outer sphere approximately 3.5 cm radius, inner sphere approximately
2.2 cm radius). A UV excited photochromic chemical tracer is planned to pro-
vide fluid flow observation and velocity measurements. Localized temperature
gradient measurements will be obtained from the Moire fringe pattern obtained
by projecting a closely spaced grid into the fluid and reflecting off the inner
sphere back to the source. Both measurements will be recorded by one camera
system, Since the observed system is spherical, a spherical optical system
must be designed which has a focus at infinity for the Moire’fringe patterns and
in the centimeter range for the photochromic flow visualization technique. The
camera will not be fixed relative to the rotating spheres. The camera will be
sequenced to photograph specific regions of the upper hemisphere and requires
a sensitive timing system.

Temperature Gradient to ''Drive" Fluid

The inner and outer sphere temperatures must be programmable and
flexible to provide a variety of conditions., Outer sphere and inner sphere radial
temperatures must be capable of variation from 10 to 30°C (%5 percent) and
10 to 40°C (+5 percent), respectively. This flexibility permits the inner sphere
to be warmer than the outer sphere and vice versa. The temperature control
technique must not interfere with the fluid observations. In addition to a radial
temperature gradient, a latitudinal temperature gradient capability is also
required.

"Encapsulating' Rotating Section of Experiment

An important design consideration exists in ""encapsulating'' the rotating
section of the experiment to meet flight safety requirements. The dimensions of '
the spheres are determined by the dielectric constant of the fluid. The type
fluid is influenced by its compatibility with the photochromic chemical. It now
appears that a Dow Corning 200 fluid which has a rather low (33°C) flash point
will be used. Therefore, ""encapsulating'' the spherical system of the experi-
ment to meet rigorous Spacelab safety requirements, and still permit observa-
tion, measurements and necessary experiment adjustments is somewhat of an
engineering challenge.
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ATMOSPHERIC VARIABILITY EXPERIMENTS (AVE)

Seven NASA AVE' s have been conducted over the past few years ( Table 1)
with another scheduled in May 1977. During selected meteorological periods
lasting from one to three days, all available satellite, rawinsonde, radar, air-
craft and surface observations were recorded at a 3 h or less interval for
selected geographical areas within the U.S. The objectives of this research
and experimental undertaking were to evaluate the accuracy and representative-
ness of quantitative satellite data relative to mesoscale (severe storms) identi-
fication, inputs to numerical mesoscale models, and understanding of interrela-
tionships between the different atmospheric scales of motion. One example of
the experiment scope is the employment of 54 balloon launching sites to probe
the atmosphere each 3 h during a 48 h period when severe weather conditions
prevailed over large areas of the U.S., while at the same time utilizing specially
equipped aircraft and satellite sensors to acquire measurements.

Some of the AVE project accomplishments include: (1) advances in
developing regional numerical prediction models, (2) identification of significant
convection patterns which are indistinguishable in the conventional 12 h measure-
ments of the atmospheric structure, (3) determination of the variances in
expected convective cloud trajectories, relative to ambient winds, due to rota-
tional effects of these clouds, and (4) an improved method to retrieve tempera-
ture profiles from cloud contaminated satellite radiance data. The principal
engineering challenge is in the area of rapid mass data handling and assessment
where heterogeneous input sources are involved. No one measurement system
seems capable of providing the data base needed to meet all atmospheric scales
of motion, forecast, and modeling requirements. Each system has a rather
selected role to play, yet all must be integrated in a timely and creditable
manner,

In summary, NASA's role in weather and climate relative to Earth
observations now encompasses an extensive range of space technology efforts.
These range from the area of remote sensors on satellites to observe and probe
atmospheric phenomena, correlative field experiments and analytical modeling,
and actual on-orbit laboratory scale research on atmospheric processes.
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