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Abstract

- This report summarizes the results of a comprehensive study
which defined an Extravehicular Life Support System Thermal Con-
trol System (TCS), presents the design of the prototype hardware
and provides a detail summary of the prototype TCS fabrication
and test effort.

Thirteen Heat Rejection Subsystems, thirteen Water Management
Subsystems, nine Humidity Control Subsystems, three pressure con-
trol schemes and five temperature control schemes are evaluated.
Sixteen integrated TCS systems are studied, and an optimum sys-
tem selected based on gquantitative weighing of weight, volume,
cost, complexity and other factors. The selected subsystem con-
tains a sublimator for heat rejection, bubble expansion tank for
water management, a slurper and rotary separator for humidity
control, and a pump, a temperature control valve, a gas separator
and a vehicle umbilical connector for water transport. The
prototype hardware complied with program objectives.

Foreword

This is the final report for the Thermal Control System Program.
This effort was conducted by Hamilton Standard under NASA con-
tract NAS 9-13574 for the Lyndon B. Johnson Space Center of the
National Aeronautics and Space Administration from June 1973 to
August 1975.

Special thanks are due to the Contract Technical Monitor, Mr.
Michael Rouen, Crew Systems Division of the NASA Lyndon B,
Johnson Space Center, for his advice and guidance.
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SUMMARY

Hamilton Standard has developed a Thermal Control System (TCS)
for an advanced zero gravity Extravehicular Life Support System
(EVLSS). This development effort was conducted under Contract
NAS 9-13574 to NASA's Johnson Space Center. The scope of the
program included the selection, design, fabrication and test of
a zero gravity TCS that meets its objectives of long life, low
cost, and minimum maintenance.

The TCS consists of a Heat Rejection Subsystem (HRS), a Water
Management Subsystem (WMS), a Humidity Control Subsystem (HCS),
and a Water Transport Subsystem (WTS).

The basic requirements and operating. condltlons for the TCS are
as follows:

- It must be capable of zero "g" recharge with vehicle
supplied water saturated with nitrogen at 248 KPa
(36 psia).

- It must be capable of non-ventlng umb111cal operation for
up to 4.5 hours.

- It must be operable and capable of rejecting the maximum
‘ thermal load within ten minutes of start up (design goal
is five minutes).

- There must be'no free water spillage when starting up.

- The TCS must be non-venting within five minutes of
shutting off feed water.

- The TCS shall have a useful life of 100 mission cycles or
15 years.

- The TCS shall separate and use or store up to .77 Kg
(1.7 1bs) of condensate water.

'~ The total heat load shall be 8.261 x 103 kilo joules
(7,824 Btu) (four hours at 293 watts (1,000 Btu/hr)
ave., met. load).

- The suit vent loop pressure will be 26. 5 + l KPa
(3.85 + .15 psi). .

- The liquid loop pressure will be 24 to 158 KPa
(3.5 to 22.85 psia).

- = The vehicle water supply pressure will be 228 to 248 KPa
(33 to 36 psia).
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(Coritinued)
This is the Final Report for the Thermal Control Program.

The EVLSS TCS program consisted of two phases: 1) concept defi-
nition, evaluation, selection, and design of the selected system,
and 2) concept fabrication and test.

The study consisted of definition of numerous candidate subsystem
concepts, selection of competitive subsystem concepts based on an
in-depth screening evaluation, combination of the competitive
subsystems into system concepts, and selection of a system con-
cept. Detail drawings of the selected concept were then prepared
for fabrication of a feasibility TCs. :

The approach used for each segment of the study consisted of the
following steps:

l) 1Identification of the Evaluation Criteria
2) 1Identification of the Candidate Concepts
3) Screening of the Concepts

4) Selection of the Optimum Concept (s

HRS CONCEPTS (o} . .

PRELIMINARY gnguetﬁﬁirq TCS CONCEPTS TCS CONCEPTS TCS CONCEPT
SELECTION

SCREENING OPTIMIZATION DEFINITION EVALUATION FLEC

WMS CONCEPTS
PRELIMINARY
SCREENING

HCS CONCEPTS
PRELIMINARY
SCREENING

LCG PRESSURE
CONTROL CONCEPTS
PRELIMINARY
SCREENING

LCG TEMPERATURE
CONTROL CONCEPTS
PRELIMINARY
SCREENING

- TCS Concept Selection Study Logic 

Figure 1-1

2
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(Continued)

The HRS was evaluated in two steps to first, ileutify the viable
concepts, and then to optimize the configuratiun of these con-
cepts. In the first step of the HRS selection, thirteen candi-
dates were defined and were screened on the basis of safety, per-
formance, development/availability and maintenance. Three prom-
ising candidates remained after this evaluation.: In the second
step of the HRS evaluation, ten configurations for these three
concepts were defined and were assessed for life, hardware cost,
EVLSS weight and EVLSS volume. This evaluation resulted in the
selection of two HRS candidates.

The WMS evaluation consisted of definition of thirteen candidates
which were screened on the basis of safety, performance, develop-
ment/availability, gross vehicle launch weight and EVLSS volume.
This evaluation resulted in selection of three WMS candidates for
further study.

For the HCS selection, nine candidates were defined and were
screened on the basis of safety, performance, development/avail-
ability, gross vehicle launch weight and EVLSS volume. Seven
candidates were selected for further study.

For the LCG pressure control, three concepts were defined, and
two selected after evaluation against safety, performance, devel-
opment/availability, EVLSS volume and EVLSS weight. In the defi-
nition of TCS concepts, the method of pressure control was sel-
ected on the basis of compatibility with the systems defined by
the HRS, WMS, and HCS.

Evaluation of the LCG temperature control consisted of evaluating
five candidates against safety, performance, development/avail-
ability and EVLSS volume. A single concept was selected for use
in the TCS.

The two competitive Heat Rejection Subsystems, three competitive
Water Management Subsystems, and seven competitive Humidity Con-
trol Subsystems were combined to form sixteen candidate Thermal
Control Systems. These systems were evaluated on the basis of
performance, vehicle launch weight, EVLSS volume, program cost,
operability, complexity, and reliability. The selected concept,
shown in Figure 1-2, was the least weight, least volume, least
cost, least complex, most operable, and most reliable of the
sixteen concepts evaluated.
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(Continued)

The selected system consists of a bubble expansion tank water
management subsystem, a three-fluid sublimator heat rejection
subsystem, and a first stage slurper/second stage motor rotary
separator humidity control subsystem. The pump, Temperature
Control Valve (TCV), gas separator, and vehicle umbilical connec-
tor are the component parts of the Water Transport Subsystem.
During normal operation (venting mode), water enters from the LCG
and is circulated by the pump through the vehicle umbilical con-
nector shutoff valve, the sublimator, and the temperature control
valve and back to the LCG. The LCG water is cooled via conduc-
tion to the porous plate of the sublimator. The vent loop flow
coming from the suit passes through the LiOH canister and is cir-
culated by the fan through the vent loop portion of the sublima-
tor/slurper and is returned to the suit. Cooling is provided by
conduction to the LCG circuit.

During operation in the non-venting mode (liguid cooling provided
by umbilical to a vehicle heat exchanger), a vehicle liquid um-
bilical is connected to the system, and the umbilical connector
shutoff valve is closed routing all the LCG water through the
vehicle heat exchanger.

Coolant thermal control is achieved using the temperature control
valve which varies the water flow to the LCG. LCG pressurizatien
and makeup is supplied by the feed water circuit via a check valve
between the two circuits.

Water separation is accomplished in two stages. Approximately
three percent of the main stream flow is diverted through the
slurper to the upstream side of the fan. The pressure differen-
tial between these two points continually drains the condensed
water from the heat exchanger. The water/gas mixture enters the
rotary separator which separates the water from the gas stream.
The separated water is delivered to the feed water circuit through
a relief valve which prevents the introduction of gas to the feed
water circuit.

The expansion tank serves two functions. During operation in the
non-venting mode when no feed water is being used, it stores the
condensate separated from the vent loop and for operation in the
venting mode; it accepts the gas released when the pressure in the
main reservoir drops from 248 KPa (36 psia) to 27 KPa’(4 psia).

Detail designs were prepared for each subsystem completlng the
Phase I activity. , :
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fz During Phase II, each subsystem was fabricated and subjected to a }

; comprehensive development test program which demonstrated that . ;

% each complied with the Work Statement requirements.

]

? Subsequent to the subsystem testing, the HRS, WMS, and HCS were . |

§ combined to form the TCS which was subjected to a series of sys- 3

| tem level development tests. The TCS tested complied with all c

i applicable Work Statement requirements. After completion of the ;

i test program, the TCS was updated to include the Water Transport :

Subsystem components, and the completed system shown in Figure ; ,
1-3 was delivered to NASA. ; |

ﬂ This system complies with all requirements, uses logical exten- i %

R sion of proven Apollo technology, and was found to be best in all ! j
: areas after an extensive study of existing and evolving technology. : ;
|
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2,0 INTRODUCTION

In June of 1973, Hamilton Standard was awarded a contract to

; develor an Extravehicular Life Support System (EVLSS) Thermal ) :

; Control System (TCS) which is operable in a zero "g" environment i
for extravehicular activity (EVA) and meets the criteria of low ]
cost, minimum maintenance, minimum in-flight servicing, minimum «
ground servicing and long life. This contract was completed in
two phases with Phase I consisting of the study, selection, and
design of a TCS consisting of Heat Rejection Subsystem (HRS),

| Water Management Subsystem (WMS), Humidity Control Subsystem
i (HCS) , and Water Transport Subsystem (WTS), and Phase IT consist-
ing of fabrication and testing of each subsystem and the total TCS.
This Final Report summarizes the Phase I effort and describes in
detail the Phase II effort. : :
ji
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3.0 OBJECTIVES

The objectives of this two phase program were:

a. Establish by detail evaluation the best EVLSS Thermal
Control System (TCS) which is operable in zero "g" and
which meets the objectives of long life, minimum main-
tenance, and low cost.

b. Prepare detail drawings suitable for fabrication of a
feasibility TCS. :

¢. Fabricate the TCS hardware.

d. Conduct subsystem and system development tests to verify
compliance with Work Statement requirements.
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Background and Requirements

The Thermal Control System (TCS) program was conducted in two

phases as shown in Figure 4-1-1,

A detailed presentation of the

Phase I activity is contained in Hamilton Standard Phase I report,

HSPC-75.T05. The Final report briefly summarizes the Phase I
effort and provides a comprehensive description of the Phase II
effort. o
Subsystem System Subsystem System Phase I
Selection | Selection | Design - Design - Study and
Study Study Definition | | Definition Design Report
Phase I
Subsystem Subsystem System System Final
Fabrication [ Test | Fabrication [ Test B Report
Phase II

Thermal Control System Program Logic
Figure 4-1-1

This report section is divided into the following subsections
representing the major elements of the program work breakdown
structure: :

- = Subsystem and System Concepts Study
- Concepts Design

.= Subsystem Fabrication and Test
- ©System Fabrication and Test

~_ The Thermal Control System (TCS) consists of a Heat Rejection

Subsystem (HRS), a Water Management Subsystem (WMS), a Humidity
Control Subsystem (HCS), and a Water Transport Subsystem (WTS).
‘The HRS is used to reject heat generated by a crewman and equip-
ment during EVA; the WMS is used to store and deliver expendable
~water to the HRS; the HCS is used to separate, store and/or pro-
cess the condensate generated during an EVA, and the WTS is used
to circulate cooling water to the LCG and EVLSS components

- requiring active cooling. ‘
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(Continued)

The detail requirements for the TCS are defined in a mini speci-
fication which is included in Appendix A, Table 4-1-1 is a sy-
nopsis of the TCS requirements and operating conditions.

Subsystem and System Concepts Study

selection effort conducted during Phase I. A comprehensive
summary of the selection effort is included in the Phase I Eng-
ineering and Technical Data Report, HSPC-75.T0S5.

Study Logic

The Thermal Control System was divided into five subareas for
investigation.

- Heat Rejection Subsystem (HRS)

- Water Management Subsystem (WMS)

- Humidity Control Subsystem (HCS)

- LCG Pressure Control (included in WMS)

- LCG Temperature Control (included in WTS)

The approach used in the 1nvestlgatlon of each subarea consisted
of:

- Definition of Evaluation Criteria
- Definition of Candidate Concepts

- Evaluation of the Concepts

- Selection of the Optimum Concept(s)

Once the evaluation of the subarea level was completed, the sub-
area concepts that had not been eliminated were combined to form
candidate TCS concepts. Final evaluation of concepts was con-
ducted at the system (TCS) level. The HRS, WMS and HCS were the
driving factors in defining the TCS concepts, with compatible LCG
pressure and temperature control concepts being selected for each
system concept. The WTS components evaluated, other than the
temperature control concept, were the same for all TCS concepts.

This study logic proceeded as shown in Figure 4-2-1, which shows
how the steps used in selecting the final TCS concept were '
integrated.

Heat Rejection Subsystem

The Heat Rejection Subsystem (HRS) is a device which rejects the
waste heat generated by a crewman and equipment during EVA. The
HRS was evaluated in two steps. First, the basic functlonal

11
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TABLE 4-1-1
TCS REQUIREMENTS AND OPERATING CONDITIONS

It must be capable of zero "g" fecharge with vehicle supplied
water saturated with nitrogen at 248 KPa (36 psia).

Tt must be capable of non-venting umbilical operation for up
to 4.5 hours.

It must be operable and capable of rejectlng the maximum ther-
mal load within ten mlnutes of start up (design goal is five
minutes).

There mustﬂbe no free water spillage when starting up.

The TCS must be non-venting within five minutes of shutting
off feed water.

The TCS shall have a useful life of 100 mission cycles or 15
years.

The TCS shall separate and use or store up to .77 Kg (1.7 lbs)
of condensate water.

The total heat load shall be 8,261 x 103 kilo joules (7,824
Btu) (four hours at 293 watts (1,000 Btu/hr ave. met. load).

The suit vent loop pressure will be 26.5 + 1 KPa (3.85 + .15
psi) .

The liquid loop pressure will be 24 to 158 KPa (3.5 to 22.85
psia).

The vehicle water supply pressure will be 228 to 248 KPa
(33 to 36 psia).

12
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(Continued)

concepts were screened to identify those viable for EVA condi-
tions. Secondly, the viable concepts were configured into sub-
system schematics to identify the optimum configuration for each.

Four water boilers, six flash evaporators, and three sublimator
concepts were defined and evaluated. All the water boilers were
eliminated from further consideration due to inherent performance
and maintenance problems. Four of the flash evaporators were
eliminated due to inability to meet performance requirements and
high technology risk; two of the sublimators were eliminated due
to inability to meet performance. The remaining candidates in-
cluded a spraying flash evaporator with either a hydraulic or
pneumatic nozzle and the replaceable plate sublimator.

For each of these Heat Rejection Subsystems, the following three
heat exchanger schematic arrangements were considered.

Three-Fluid Heat Exchanger - This concept, shown in Figure 4-2-2,
uses a common sSink to cool two separate coolant passages. The
vent loop is cooled by conduction to the LCG passage which is in
turn cooled by conduction to the sink. The heat exchanger could
use an optional second sink to provide direct cooling for both
coolant passages.

Two Two-Fluid Heat Exchangers - This concept, shown in Figure
4-2-3, uses a sink to directly cool the LCG in the first two-
fluid heat exchanger, and then the LCG loop cools the vent loop
via a second two-fluid heat exchanger.

Two Independent Two-Fluid Heat Exchangers - This concept, shown

in Figure 4-2-4, uses two sinks which are independently controlled.
One sink cools the vent loop, the other sink cools the LCG. This
ccmbination, although employing two independent sinks, may be
packaged into a single heat exchanger, but the LCG and vent loops
are not thermally interconnected. This is the schematic arrange-
ment used in the Apollo backpack sublimator. With this arrange~
ment, cooling of the vent loop by a vehicle umbilical during a no
vent mode of operation is not p0551ble,,thus, this concept was
rejected.

The two vial.’= heat exchanger arrangements were combined with the
three HRS candidates for final subsystem evaluation. This evalu-~
ation considered the following elements:

1) The better flash evaporator nozzle,
2)  The optimum flash evaporator shape,

3) The optimum flash evaporator heat exchanger arrangement,‘

4) The optimum sublimator configuration.
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L 4.2.2 (Continued)

The pneumatic nozzle flash evaporator was found to be noncompeti-
tive from a weight, volume, and cost standpoint. A cylinder was -
: found to be the most competitive shape for the flash evaporator.
& : A two two-fluid heat exchanger was found to be best for the flash
' evaporator, while a three-fluid heat exchanger was found to be .
the most competitive configuration for the sublimator. These two
| HRS concepts were carried into TCS level evaluations, described ,
| in detail in the following paragraphs. ;

The spraying flash evaporator, with two-fluid heat exchanger, is
shown in Figure 4-2-5.

The expendable water is sprayed through a hydraulic nozzle which
breaks the liquid stream into droplets forming a hollow cone : i
spray. ‘ :

These droplets impinge on an aluminum cylindrical heat exchanger
surface which is finned at the water droplet impact zone to pro-
vide more area for heat transfer. The chamber in which the evap-
oration takes place is vented to vacuum ambient. This maintains:
the chamber pressure to a level that promotes droplet evaporation.
The water vapor released by the evaporation process exits the
chamber through the vent hole.

The LCG flow circulates through passages in the evaporator wall.
The heat transfer is accomplished by conduction from the LCG flow
through the aluminum wall to the finned droplet impact zone to
the vaporizing expendable water. The LCG outlet water tempera-
ture is monitored, and the feed water flow through the nozzle is
controlled electrically to maintain a constant outlet temperature.

o T

After exiting the flash evaporator, the cooled LCG flow passes to ‘ ‘
a stainless steel heat exchanger which is shown in Figure 4-2-6. : |
It is utilized as a heat sink to cool the oxygen loop. This
stainless steel cross flow unit is a plate-fin design with three
oxygen loop passages. Four LCG loop passages make a single pass
through the heat exchanger.

The three-fluid sublimator is shown in Figure 4-2-7.

The oxygen loop is cooled by making a single pass in the cross
flow direction in a finned passage mounted adjacent to the LCG , 5
finned passage. The LCG loop is in turn cooled by feed water i
sublimation through the porous plate. The rate at which the : '
feed water sublimates is proportional to the heat load imposed

by the vent and LCG loops; thus, this device is self-controlling.
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Water Management Subsystem (WMES)

The WMS is used to store the expendable water used by the HRS.

It is capable of being recharged in. zero "g" from a water supply &

fully saturated with gas. Thirteen WMS concepts were considered.
All but three of the concepts were eliminated due to failure to

comply with safety or performance requirements or by being non- .

competitive from a weight or volume standpoint.
The three remaining concepts were:

- Bubble Expansion Tank
- High Pressure Water Storage
- Bladder Storage with Pressure Regulator

The following G2ccribes how the three viable WMS candidates accom-
modate the gas saturated water after the WMS has been recharged.

Bubble Expansion Tank System (Figure 4-2-8) - Following the re-
charge sequence, the main reservoir will contain water and gas
pressurized to the same level as the vehicle water supply system.
The bubble expansion tank which is isolated from the main reser-
voir during charging is sized to accommodate all the gas released
when the pressure is reduced from charge pressure to operating
pressure. After the shutoff valve between the tanks is opened,
the pressure supplied to the HRS is controlled by the vent loop
pressure acting on the bladders in the two tanks.

High Pressure Water Storage (Figure 4-2-9) - This concept avoids
the problem of having free gas 1in the reservoir by storing the
water at a pressure above the vehicle fill pressure. During
EVLSS recharge, a relief valve maintains the reservoir pressure
slightly below the vehicle water supply pressure. This minimizes
the quantity of gas evolving during the recharge sequence. A
check valve in the fill line prevents the possibility of back
flow.

During operation, the EVLSS Oy supply pressure source preésuriéés
the stored water at its saturation pressure (the vehicle supply
pressure) . :

Bladder Storage with Pressure Regulator (Figure 4-2-10) - When
this system is activated, the free gas 1n tée water malintains the
reservoir outlet pressure above 27.6 KPa (4 psi) for approximately
the first hour of operation. The water regulators in the line to
the HRS maintain the HRS inlet pressure at 27.6 Kpa (4 psi) dur-
ing this period of time. The water and gas remaining in the
bladder after a mission is drained prior to recharge to minimize
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(Continued)

the reservoir size. ‘This system is only compatible with the
sublimator since the flash evaporator requires a pressure above
206 KPa (30 psi).

The three WMS concepts described above were used to define the
TCS concepts for final evaluation.

Humidity Control Subsystem

The HCS is used to control the water which condenses in the vent
loop portion of the HRS. It must collect the condensate, separ-
ate it from the vent loop gas, and pump it into the condensate
storage equipment.

Nine HCS concepts which utilized one or more of the following
water separating devices were evaluated.

Rotary Separator (Figure 4-2~11) - The rotary separator consists
of a shaft mounted drum assembly,; an impact pitot and a housing
to encapsulate the drum. The rotational motion of the drum in-
duces gas/liquid separation. Entrained moisture in the incoming
gas stream is forced by centripetal acceleration into a trough at
the outer periphery of the drum, and the gas stream returns to
the vent loop. The pressure at the pitot is the sum of the pres-
sure energy due to water impacting the pitot plus the static
pressure developed by rotating the water in the drum. When the
water pressure in the pitot exceeds the cracking pressure of a
back pressure valve located in the outlet line, the water is
pumped into the storage container.

Fan Separator (Figure 4-2-12) - The fan separator is basically a
rotary separator with a fan rotor mounted on the same drive shaft.

Elbow Wick Separator (Figure 4-2-13) - The elbow wick separator
consists of a bladder, a sponge-like wick and a housing contain-
ing inlet and outlet ducts, a drain line and a pressure port.

The flow passage through the wick makes several turns to induce
water separation from the gas stream by momentum change. The
separator permits draining of the condensate at the end of each
EVA by pressurizing theé bladder to squeeze the wick. This is
accomplished by closing valves in the inlet and outlet ducts,
connecting a drain fitting to the drain line and pressurizing the
back side of the bladder through the pressure port. After drain-
ing, the drain fitting is disconnected, the inlet and outlet duct
valves are open, and the pressure port is vented to ambient.
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Elbow Scupper (Figure 4-2-14) - The elbow scupper consists of an

elbow, an 02 outlet duct and a water duct. The scupper isolates
and traps condensate from the gas stream by a change in momentum
imposed by turning the flow in the elbow. The water free gas is
returned to the vent loop via the 02 outlet duct. The separated
water collects in an annulus where it and approximately 5% of the

02 is transferred to a second separating device for further
processing.

Slurper (Figure 4-2-13) - The slurper consists of a series of
bleed holes Tocated within the outlet passage of the condensing
circuit of the heat exchanger and are manifolded to a common
header. The slurper header pressure is maintained below the con-
densing circuit pressure; thus, when water condenses and blocks
the bleed holes, the pressure differential across the holes draws
the water into the manifold which is connected to a second sepa-
rating device for further processing.

Absorbtion by a Desiccant (Figure 4-2-16) - This device consists
of a desiccant container filled with sSilica gel and a cooling
coil. The gas and free water is introduced at one end of the bed
and as the gas passes through the bed, the water is absorbed by

the silica gel. The heat of absorption is removed by the cooling
water.

Of the nine HCS concepts considered, only two were eliminated by
evaluation at the subsystem level. The seven remaining concepts

are listed below and are shown schematically in Figures 4-2-17
through 4-2-23,

- Single Stage Rotary Separator

- Single Stage Elbow Wick Separator

- First Stage Scupper/Second Stage Fan/Separator

- First Stage Scupper/Second Stage Rotary Separator
- First Stage Scupper/Second Stage Wick Storage

- First Stage Slurper/Second Stage Rotary Separator
- First Stage Slurper/Second Stage Wick Separator

LCG Pressure Control

The pressure in the liquid cooling circuit must be maintained at
a pressure equal to or greater than the suit pressure. The LCG
pressure control device is used to provide makeup for water lost
by leakage or spillage and to maintain the water pressure above
the minimum allowed. Three concepts were considered of which,
after evaluation, two were retained for consideration at the sys-
tem level. These were use of the expendable water circuit as

shown in Figure 4-2-24 and use of a pressure loaded accumulator
as shown in Figure 4-2-25.
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4.2.6 LCG Temperature Control

The LCG is used to cool the crewman and since the crewman expends
effort at different work rates, the amount of cooling provided
must be controllable in order to maintain thermal comfort. The
five LCG temperature control concepts listed below were evaluated.

- LCG Inlet Temperature Control
- LCG Inlet Flow Control

- LCG Loop Flow Control

- HRS Outlet Temperature Control
- Feed Water Flow Control

Of these, the LCG inlet flow control shown in Figure 4-2-26 was
identified as the optimum means of providing LCG thermal control.

DIVERTER
// VALVE

. LCG

HRS | i_A :,_“ ‘ ii)

FIGURE 4—2—26
LCG INLET FLOW CONTROL
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Thermal Control System Evaluation

The two competitive heat rejection subsystems, the three water
management subsystems, the seven humidity control subsystems, and
the LCG pressure and temperature control concepts were combined
to form the candidate thermal control systems. Only systems
which could meet the TCS performance requirements were considered. -

The evaluation was conducted on the basis of the following rela-
tive criteria.

Vehicle Launch Weight - Vehicle launch weight consists of the

summation of the weight of two EVLSS's launched dry, the vehicle

‘power penalty based on .87 Kg/kwh (1.92 lbs/kwh) and six dual

EVA's.

EVLSS Volume - EVLSS volume is the summation of the estimated
component and packaging hardware volumes. '

Program Cost - Program cost consists of a relative assessment of
the ground maintenance cost for each flight, the design and de-
velopment cost, the cost of 18 sets of TCS hardware, and the
vehicle weight penalty based on a cost of $35,000/1b.

Operability - Operability consists of an assessment of the ease
oE start up, shutdown, check out, recharge, and ground mainten-
ance of the TCS. ' ~

Complexity - The concepts were ranked byka subjective assessment

- of component functional and physical intricacy and the number and

interrelationship of components in the system arrangement.

“Reliability - This consisted of an assessment of the critical

failure modes affecting crew safety.

Table 4-2-1 identifies the 16 combinations of the competitive

water management subsystems, heat rejection subsystems, and
humidity control subsystems. The rotary separator concepts are
not compatible with the high pressure storage concept because
the pressure level imposes severe power penalties on the rotary
devices. The bubble expansion tank and the bladder tank storage
with pressure regulator concepts are not compatible with the
flash evaporator because a minimum of 207 KPa (30 psi) is

required for operation. : :

40




|
|

i

SW3LSAS SOL

e T L R S S

l—2¢—r 318V L
‘ 934 3UNSSIHI HLIM
on ON ON ON ON ON ON | IDVHOLS MNVL ¥3aavia.
9y ON Gt ON ON - i ON | EDVHOLS 3HNSSIHd HOH
HOLVHOdYAS HSY 14
ON ON ON ON ON. ON = ON | JNV.L NOISNvdX3 37188ng
O34 IUNSSIL HLIM
. £l ON 2! ON ON il ON 3OVHOLS MNYL H3gavig
YOLVYWITENS ;
o1 ON 6 ON ON 8 ON | 39VHOLS FuNSSTtd HOIH
a L 9 S r € z | ¥NVL NOISNVdXZ 3188n8
Y- Y2n 3zo YZe 3w Zao ¢ ZQ
mm w.ox_ 964 go-4 98634 863 6z 9z
: 2599 349 24949 %99 39 oh B0
033 <33 aidi <FF Zd gpm o Zm
Mad o T poo nw@ TV 50
mm mmmMm mm mmm @M w u m u
0w Iz w 3 k)
=g 3P =4 38 28 *2 =22
Oc J3c O0c d3c 3¢ A x
XTI >33 X3 P53 >1 w m »Z
8 323 5 8% 3@ @ 397
. T3 3 T 3 I m EY m

- WILSASENS NOLLOAr3Y LV3H

WILSASENS TTOHLNOD ALIAIANH

WALsSASENS
ANIWIDOVYNYIN YILYM

l““l“IGNSMANDARD;ﬂ;

—
<




o TR TN NSRS T R

v ,‘wf_ﬁ

4.2.7

FON————
[P
|
1
l
T
:
N
POV
PRS-

HAMILTON STANDARD 0=

m:u

(Continued)

Figures 4-2-27 and 4-2-28 respectively show the ratings for veh-
icle launch weight and EVLSS volume. In establishing the rating,
any concept within 10% of the least weight or volume concept was
given a rating of 1. Those concepts between 10 and 20% were
rated 2 and so on. The relative cost shown in Figure 4-2-29 was
established based on an assessment of the nonrecurring cost to
design and develop a concept, the cost to fabricate 18 units, a
moderate allowance for replacement of limited life items, and the
vehicle weight penalty cost. The rating was for any system with-
in 10% of the least cost system was 1, for systems within 20%,
the rating was 2, and for those within 30%, the rating was 3. It
should be noted that almost all of the systems were within 20% of
the least expensive, so cost alone could not be considered a

driving factor.

Operability was an assessment of the ease of start up, shutdown,
check out, recharge, and ground maintenance of the TCS. There
was no significant difference in the ground maintenance identi-
fied, all concepts required between 9 and 11 steps for recharge
and start up and shutdown procedures were approximately the same
for all concepts. The rating was established on the number of
recharge steps. Because of the small differences between systems,
it was necessary to prevent operability from being a driving fac-
tor in the concept selection. Thus, ratings of .1, .2, and .3
were used as summarized in Figure 4-2-30.

The concepts had between 15 and 19 components of which many were
common or similar. For example, all systems had & water reser-
voir, relief valves, and shutoff valves, and the bubble expansion
tank was similar to the accumulator while the flash evaporator
heat exchanger, plus the separate two fluid heat exchanger was
essentially equivalent to the sublimator. Thus, the complexity
rating was established by considering the non-common components
which were more complex than a simple shutoff valve or relief
valve. For this evaluation, motor electronics, controller elec~
tronics, and oxygen regulators were given a rating of 2, while
the mechanical portion of a motor, a wick separator, a rotary
separator, a flash evaporator nozzle solenoid valve, and a 3 way
valve were given a rating of 1. Table 4-2-2 lists the concepts,
the components considered, and the total component rating. The
component ratings were converted to system ratings as follows,
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TABLE 4-2-2
COMPLEXITY EVALUATION

Components Considered

Motor, Electronics, Rotary Separator
Wick, 3 Way Valve

Motor, Electronics, Rotary Separator
Rotary Separator

Wick, 3 Way Valve

Rotary Separator

Wick, 3 way Valve

i'20 Reg, 02 Reg, Wick, 3 Way Valve
H20 Reg. 02 Reg, Wick, 3 Way Valve
H20 Reg, 02 Reg, Wick, 3 Way Valve
H20 Reg, Wick, 3 wWay Valve

H20 Reg, Wick, 3 Way Valve

H20 Reg, Wick, 3 way Valve

02 Reg, Controller, Wick, 3 Way
Valve, Nozzle/Solenoid

02 Reg, Controller, Wick, 3 way
Valve, Nozzle/Solenoid

02 Reg, Controller, Wick, 3 way
Valve, Nozzle/Solenoid

Component System
Rating Rating
4 2
2 1
4 2
1 1
2 1
1
2 1
5 3
3 3
5 3
3 2
3 2
3 2
7 4
7 4
7 4
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Component Rating System Rating

1-2
3-4
5-6
7-8

W

The reliability evaluation consisted of an assessment of the
critical failure modes affecting crew safety. Concepts 1, 3, 4,
and 6 were rated first because they have no critical failure
modes. Concepts 2, 5, 7, and 11 through 16 were rated second
because the potential exists for a primary O, ventilation loop
leak to vacuum through the elbow wick separator bladder or valve
even though an orifice limits the leakage rate. Concepts 8, 9,
and 10 were given the lowest reliability rating because the po-
tential exists for over pressurizing the WMS, the HRS, and the

primary O ventilation loop from the high pressure regulators
failing open.

A relative rating factor for each evaluation criteria was estab-
listed for each concept. When these ratings were summarized and
totaled (Table 4-2-3), it was determined that two concepts had
the best ratings in each category; however, one of the two sys-
tems was lighter and smaller than the other. This concept con-
sisted of a sublimator heat rejection subsystem, a bubble expan-
sion tank water management subsystem, and a slurper/rotary
separator humidity control subsystem (Figure 4-2-31). Thus,
this was the selected concept.

Ligquid Loop Gas Separator

Subsequent to selection of the Thermal Control System concept,
means for removing free gas in the liquid circuit were evaluated.
Hydrophilic screens were used successfully in both the Apollo and
Skylab programs for separating free gas from water. This basic
approach was also selected for the TCS. Several approaches for
processing the separated gas were considered. They included:

-1} storage in the separator, 2) venting overboard, and 3) venting
~to the gas circuit. Storage in the separator was rejected
'because of volume penalties, while venting overboard was reject-
ed because of hardware complexity and violation of non-venting

requirements. Two means of venting to the gas circuit were
evaluated. They were: venting through a hydrophobic device

and venting through the rotary water separator. Venting of the
separated gas to the vent loop through a hydrophobic device was
rejected because breakthrough of the hydrophobic¢ device could re-
sult in rapid flooding of the vent circuit which represents an

' unacceptable hazard to the crewman. Failure of the concept using
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the rotary separator (Figure 4-2-32) did not represent a safety
hazard because water flow from the gas separator is controlled by
several orifices. Should this device fail, there would be a
gradual, detectable build up of water in the vent circuit allow-
ing the crewman time to take the necessary corrective action.

Subsystem and System Design

This section provides a summary of the subsystem and system
design details which are presented in more detail in the Phase 1

report.

Heat Rejection Subsystem Feasibility Test and Design Details

In support of the HRS design, a feasibility test program was con-
ducted to obtain data for various porous plate materials. Figure
4-3-1 shows the test fixture utilized for these tests. With this
device, the porous plate/heat exchanger interface was simulated

while the thermal load was controlled by the two heaters in con-

tact with the housing.

Testing consisted of: 1) steady state calibration during which
the average housing temperature was obtained at various heat
loads, and 2) hot start up performance during which the feed
water flow was initiated after the entire test unit was stabil-
jzed at 380C (1009F) to 40.4°C (105°F). The hot start test sim-
ulated the worst case heat soak in the vehicle and assumed nc
umbilical cooling of the system or crewman prior to start up.

Various plate materials were tested including sintered stainless
steel, sintered teflon, sintered nickel, and calendered multi-
layer stainless steel screens. The calendered multi-layer stain-
less steel screen plate was found to be the most suitable for the
HRS application. Figure 4-3-2 is a plot of average housing tem-
perature versus heat load for the calendered stainless steel

screen plate.
Figure 4-3-2 also shows the design point used in sizing the TCS

sublimator. The unit was sized to reject a maximum load of 909
watts (3,100 Btu/hr) and a minimum load of 70 watts (240 Btu/hr)

which were established as shown in Table 4-3-1.
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4.3.1 (Continued)

TABLE 4-3-1
SUBLIMATOR HEAT LOAD

Minimum Load .. Maximum Load
Constituent Watts Btu/Hr Watts Btu/Hr
Metabolic Load 117 400 587 +2,000
LiOH Load 0 +0 162 +560
Heat Leak ~117 ~400 90 +300
Equipment Load 70 240 70 240
Total 70 240 909 3,100

puring this program, two sublimators were designed, fabricated,
and tested. The second of the two units was a refinement to the
basic configuration based on fabrication and test of the first

sublimator.

Figure 4-3-3 is an isometric view of the initial sublimator

(SVSK 87220) showing the overall size and basic configuration.
The major elements are the support grid, heat exchanger assembly,
porous plate, and wire mesh spacer. The support grid and heat
exchanger assembly are made of aluminum to minimize the subli-

mator weight and volume.

Figure 4-3-4 is a section through the vent loop headers and shows
the relative location of the vent loop inlet and exhaust headers,
the slurper header and outlet duct, the heat exchanger core, and

the support grid.

The heat exchanger core, which is comprised of the LCG loop end
sheet, LCG loop fins, housing, vent loop fins, and the vent loop
end sheet is a fluxless brazed assembly to which the various
headers are welded. After the heat exchanger is brazed and weld-
ed, the upper surface is machined flat, the feed water distribu-
tion slots and the 'O' seal groove are added, and the assembly

is anodized for corrosion protection. The feed water gap is
established by placing a shim between the heat exchanger housing
and the porous plate. The support grid is used to minimize the
deflection of the porous plate, and the stainless steel screen is
used to minimize the back pressure in the area of the grid to
prevent breakthrough. The design of the unit permits easy porous

plate removal should it require field replacement or refurbish-
ment.

In operatibn, the moist vent loop gas enters the unit at the in?
let header, passes through the vent loop core, and exits at the
vent loop exhaust heater. As the gas passes over the vent loop
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fins, it is cooled by heat transfer to the LCG side of the heat
exchanger resulting in condensation of water on the fins. This
water and a small amount of the inlet gas is drawn from the vent
loop to the slurper header through the slurper holes. From the
slurper header, the condensate is delivered to the second stage
via the slurper outlet duct. The vent loop fins and inlet and
exhaust headers are coated with a hydrophilic coating to assure
that the condensed water will flow to the slurper holes.

Figure 4-3-5 is a cross section through the LCG loop headers

- showing the LCG inlet and outlet tubes, the feed water inlet,

and the feed water distribution slot.

The blown up view depicts the feed water inlet. Feed water
enters the unit through the feed water inlet tube and is supplied
to the two feed water distribution slots through the channel.

Subsequent to the testing of the initial sublimator, the design
of a second unit (SVSK 90302) was completed. The basic configur-
ation of the second unit is the same as the initial unit, however,
there are differences in the detail design in order to take ad-
vantage of the simplifications found possible and to correct pro-
blem areas detected during fabrication and test of the first

unit. These items will be discussed in greater detail in the
fabrication and test section of this report.

Figure 4-3-6 is an isometric view of the second generation unit,
and Figure 4-3-7 is a cross section through the vent loop headers.
The major differences between the two units are as follows:

- The 'O' ring seal and groove were eliminated and replaced
by a gasket (Aa).

- The stainless steel screen between the porous plate and
the support grid was eliminated (B).

- The slurper holes were relocated and slurper header was
made removable (C).

- The gas headers were reconfigured to minimize heat trans-
fer between the headers and porous plate and to provide
access to the vent circuit fins (D).

- The interface between liquid loop end sheet and heat
exchanger housing was modified to facilitate weld repair
‘in the event of leakage after braze (E).

Note: Letters refer to change locations on Figure 4-3-7.
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Humidity Control Subsystem Feasibility Tests and Design Details

The selected HCS concept consisted of a first stage slurper and
a second stage rotary separator. A series of slurper feasibility
tests were conducted in order to establish detail design data.

These tests were conducted using a setup which simulated the TCS
heat exhanger as shown in Figure 4-3-8. The fin sample simulated
the vent loop portion of the heat exchanger, while the water cir-
cuit simulated the LCG portion of the heat exchanger. The sides
of the fixture were configured to simulate the flow path in the
inlet and outlet headers and were made of plexiglass so that the
performance of the slurper could visually be observed. 1In a
typical test run, heated and moisturized gas was introduced at
the inlet, the moisture was condensed in the fin sample and was
withdrawn through the slurper holes, while the cooled gas was
exhausted through the outlet.

A slurper comprised of 0.020 dia. holes at 0.2% in. intervals
located 0.050 firom the fin was selected on the basis of the re-
sults of these iests and was incorporated in the first sub-
limator (SVSK 87320). Performance testing of this sublimator
revealed slurper performance was only 86 percent efficient
versus an expected 100% efficiency. The slurper test fixture
was then modified to more closely simulate the actual heat ex-
changer configuration, and additional slurper configurations
were tested. A slurper containing 0.016 dia. holes located in
each fin passage immediately upstream of the fin edge was found
100% efficient even at 1.5 times the maximum expected condensate

- generation rate and a slurper of this configuration was incor-

porated in the second sublimator (SVSK 90302).

The system evaluation identified a fan motor powered rotary sep-
arator as the optimum second stage separator. To demonstrate
the feasibility of coupling the fan and separator, the separator
was designed to be coupled to an Apollo PLSS fan volute and
rotor and powered by a motor capable of running with a gas loop
pressure of 27 KPa (3.7 psia) to 129 KPa (18.7 psia) (reference
SVSK 87343). A cross section of this device is depicted in
Figure 4-3-9.

In operation, water enters at the separator inlet and is slung
to the surface of the rotary drum. The water is forced by
centripital acceleration into the trough and is pumped from the
separator when it enters the hole in the stationary pitot. The
gas which enters at the separator inlet exits the rotary drum
and mixes with the vent loop inlet gas prior to entering the fan
rotary/volute region of the device.
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4.3.3 Water Transport Subsystem Feasibility Test and Design Details ;é

R e Bt e

S The selected WTS consists of a pump, temperature control valve

T (TCV), gas separator, and vehicle umbilical connector. The pump 3
: selected for use in the TCS was a GFE Apollo PLSS pump (SV713867),
-, and a GFE Skylab water diverter valve was selected to simulate

the function of the TCV designed during this program.

| The WTS design activity included definition of charges that would

improve the pump maintainability and detail design of a tempera-

: ture control valve as well as the design of a gas separator and a
: vehicle umbilical connector.

LAV I

The pump's maintainability was improved by redesigning the pump
diaphragm retainer to make the retainer and diaphragm field re-
placeable. The redesigned retainer (SVSK 90341) is shown in
Figure 4-3-10. :

Ty

The requirements for the TCV included close control of the mini-
mum flow to the LCG (1.36 + .68 Kg/hr (3.0 + 1.5 1b/hr)) and pro-
vision for at least 6 intermediate flows between minimum and max-
imum flow to the LCG. To meet these requirements, a spool valve
utilizing variable depth grooves was selected. The variable
depth grooves were selected because they are easily sealed, their ,
effective area is easily controlled, and the minimum f£low can be EERE.
set after the valve is assembled by simply adjusting a stop, thus
eliminating the need for indexing and matching parts. The use of ; i
the grooves to control the flow split makes it possible to select
- any desired flow between the minimum and maximum. Figure 4-3-11
contains a cross section of the TCV (SVSK 90350). Water entering
the valve from the sublimator enters the 2 grooves in line with
the LCG outlet and the single groove in line with the bypass.
The amount of flow to each leg is controlled by the flow area
available between the grooves and the edges of the outlet holes
which is established by the handle position. - Figure 4-3-12 shows
the predicted LCG flow vs handle position. There are detents
every 15 degrees so there are 1l intermediate positions between
minimum flow and maximum flow. The minimum flow to the LCG is
controlled by setting the handle stop during the check out test.

T P

Figure 4-3-13 is a cross section of the gas separator (SVSK 90475).
When water and free gas enter the unit, the majority of the water
flows through the hydropholic screen to the pump inlet while a

: small amount of the water flows through the orifices to the ro-

- tary separator. The hydropholic screen traps the gas and pre- ;
vents it from flowing to the pump. The pressure on the inside of
the screen is higher than the pressure at the rotary separator so
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the gas flows from the screen, through the orifices to the rotary
separator. The feasibility of this type of separator was con-
firmed by Hamilton Standard IR&D testing of the unit shown in
Figure 4-3-14.

The vehicle umbilical connector, Figure 4-3-15, is used to con~
nect the liquid loop of the TCS to a vehicle cooling system for
thermal control during intra-vehicular operation and during non-
venting extravehicular operation. Figure 4-3-16 is a functional
schematic of the connector in the coupled and uncoupled modes
while Figure 4-3-17 is a cross section of the connector in the
coupled mode. When coupled, an integral shutoff feature in the
backpack portion of the connector is closed diverting all water
to and from the vehicle. When uncoupled, the integral shutoff
feature is opened allowing water to flow directly from the inlet
to the outlet of the connector, while at the same time, the flow
ports that mate with the umbilical portion are shut off. The
vehicle umbilical connector (SVSK 90196) utilizes Apollo multiple
water connector details that were rearranged and modified to satis-
fy the operation requirements of the vehicle umbilical connector.

Water Management Subsystem Design Details

Figure 4-3-18 is a schematic of the WMS. It consists of commer-
cial stainless steel shutoff and relief valves, an Apollo PLSS
canister reservoir, fill and drain connector, check valve, and an
auxiliary reservoir which was reworked to reduce the volume to
that of the bubble expansion tank.

Figure 4-3-19 shows how the volume of Apollo PLSS auxiliary res-
voir was reduced to that of the bubble expansion tank. The outer
shell rework consisted of removing a segment of the tank wall and
rewelding the two halves. The upper bladder restraint was changed
as shown to simplify the clamping details and to eliminate the
possibility of cutting the bladder with the assembly tools. The
bladder rework consisted of removing a segment and then bonding
the two halves with RTV 102. A portion of the segment removed
from the bladder was bonded as shown to reinforce the joint.

Since all other WMS components were either commercial hardware or
Apollo hardware, no additional detail design was conducted for
the WMS.

Thermal Control System Design Details

The TCS design effort consisted of conducting a TCS instrumenta~-
tion study and of packaging the four subsystems. The instrumen-
tation study was conducted to identify the TCS instrumentation
necessary to furnish caution and warning information for crew
safety and performance monitoring. '
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p It was concluded that 0, tank pressure, suit pressure, 032 vent j
- ; flow, CO52 partial pressure, transport water temperature, battery ‘
E current and battery voltage instrumentation are required to pro- %
: vide caution and warning information in an EVLSS. |
All of this instrumentation, with the exception of the transport
water temperature sensor, would be located outside of the thermal
control subsystem. Therefore, only a transport water temperature
sensor was incorporated in the Thermal Control System.

' ' The details of the study are included in Appendix B.

The schematic of the TCS which resulted from the combination of
the HRS, HCS, WTS, and WMS is shown in Figure 4-3-20. Figure
4-3-21 shows the packaging arrangement for the TCS.

The enclosure is made up of aluminum panels which are painted
white.

B A e L A R T A Lo S

3
3
9
-
;
:

77




8L
0Z-¢£-% JANOTJ

JOILYWIHDS SOL

QD“””

x
%

FILL g—

H20
RES EXP,
TANK
- RELIEF v
’..—._.-._._. ¢+ ¢+ ¥
.

RELIEF

~®r -

-

VEH, UMB
CONN
GAS l

/ SLURPER

p; ; ! SUBLIMATOR
2 ] MOTOR /
NTRO
1 | == N TROS /
l’ /
: RELIEF [ IR /
¥ A /
L- -
| \ ’
2 4
: /
‘—-—-—-T.—,—-—.—-—.—--.-.—.—.-.-.—.—-—.--—--
FAN ) ki PUMF kgt
SWITCH A SWITCH
N\ seresesen

;

ez
ELECTRICAL _
CONNECTOR
P

.4.-.-.-.-.-.-.-.-._@-.—%—..@ DRAIN

g
PO | PUMP P'vaﬂNlm g L-*--
P 3 [ Lo e
P S— - - - LcG ---&--4}-----?--
®) =
VENT LOOP SLURPER

Iﬁ LIOH }uu-nnunt wmmﬂnu-ﬂ
/ CANISTER

1C6G

.
wuene S (HVANVLS NOLTINVH

FEED WATER

GAS

LES WATER

SEPARATED WATER




HAMILTON STANDARD ' -
L I—

CONTROL

PANEL
i

H

ENCLOSURE

i
f

— )}

SUBLIMATOR

R I
. H
U
MWC
| STOWAGE
CANISTER o 1M
P RESERVOIR N/
ASSEMBLY by (@)
FAN/ROTARY
SEPARATOR
ol O
BUBBLE
EXPANSION
TANK
GAS
O SEPARATOR
PUMP
O =
..ﬂl '1
(@) I
d'f" MOTOR
LQJ - FLECTRONICS

TCS PACKAGING ARRANGEMENT

FIGURE 4-3-21

79

e o R




4.3.5

4.4.1

HAMILTON STANDARD />

GIES e

it e, b e
PSPV,
O S
it e
Ltim s i

(Continued)

The sublimator fan/rctary separator pump and gas separator are
mounted on the canister reservoir which is, in turn, attached to
the enclosure side and bottom panels. The bubble expansion tank
and motor electronics are attached to the enclosure panels as
shown. The temperature control valve, the vehicle umbilical
connector, all shutoff valves, quick disconnects, and interface
fittings are located on the control panel.

Subsystem Fabrication and Development Tests

Each subsystem of the TCS was fabricated and tested at the sub-
system level prior to incorporation in the TCS for system level
testing. This section discusses the details of the subsystem
fabrication and test effort which was conducted during Phase II
of the program.

Heat quection Subsystem Fabrication and Development Test

First Sublimator

The first of the two sublimators was fabricated and assembled in
accordance with drawing SVSK 87320, except that the stainless
steel screen separating the porous plate from the support grid
was deleted in order to determine if breakthrough would occur
during operation if the plate was not separated from the support
grid. During inspection of the heat exchanger core, leakage was
observed in the braze joints between the transport water circuit
and the feed water circuit. Since the design of this unit pre-
vented weld repair in this area, the leaks were eliminated by
coating the LCG circuit with an epoxy. The sublimator details
were then assembled with the core, and the unit (Figure 4-4-1)
was subjected to the development tests listed in Table 4-4-1.

The performance of the unit complied with all heat rejection sub-
system requirements as summarized by the following figures which
were generated from the steady state test results. Figure 4-4-2
is a plot of vent loop performance at various liquid loop inlet
temperatures with the first of two porous plates. The LCG cir-
cuit inlet temperatures shown on the figure are approximate
values because during this test series, the LCG delta T was main-
tained constant, and the inlet temperature was allowed to vary.
(See Table D-1 in Appendix D for actual temperatures.) The gas
circuit outlet dew point was below the LCG temperature because of
cooling in the gas outlet header which had a direct thermal path
to the porous plate and was, therefore, at a temperature lower
than the LCG circuit. As shown in Figure 4-4-2, the vent loop
outlet dew point was well below the required limit.
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TABLE 4-4-1

HRS TEST SUMMARY
FIRST SUBLIMATOR (SVSK 87320)

Test
Examination of Product
Proof Pressure

Leakage

Steady State Test

Mission Test Venting

Mission Test Non Venting

OFF Design Tests
Service
OFF Design Tests

Steady State Test

Mission Test Venting

Leakage Test

Configuration

Unit
Unit
Unit

Unit
Unit
Unit

Unit
Unit
Unit

Unit
Unit

Unit

1,
1,
1,
1,

1,

1,

1,

1,

Plate
Plate
Plate

Plate

Plate

Plate

Plate
Plate
Plate

Plate

Plate

Plate

S I I

Performance Data

Location

N/A
N/A
N/A

Appendix D,
Table D-1

Appendix D,
Tables D-2,

Appendix D,
Table D-5

paragraph 4.

N/A

paragraph 4.

Appendix D,
Table D-6

Appendix D,
Tables D-7,

N/A
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(Continued)

Figure 4-4-3 is a plot of LCG circuit performance at various
vent loop inlet conditions. As shown, the LCG circuit complies
with requirements at the maximum specified inlet temperature.
Figure 4-4=4 shows the heat load at various inlet conditions.
The load shown is a total of the LCG circuit load, the vent cir-
cuit sensible load, and the vent circuit latent load. These *
loads were determined as follows.

Note: All calculations were made in English units with results
converted to SI units for tabulating and plotting, therefore, the
equations shown are in English units.

LCG Circuit Load

QLCG = WLCG x Cp - x (TLcGin = TLCGout)
(Btu/Hr) (Lb/Hr) (Btu/Lb-OF) (oF)

The load in Btu/Hr was converted to the SI equivalent (watts) by
dividing the load by 3.41. :

Vent Circuit Sensible Load

Qsens = Mass Gas Out x Cp X(TVentin - TVentout)
(Btu/Hr) (Lb/Hr) (Btu/Lb-OF) (OF)

(Cp for Gas = .24)

Vent Circuit Latent Load

QLatent = (Mass H20in - Mass H20pout) X 60 x hf
(Btu/Hr) (Lb/Min) (Min/Hr) (Btu/Lb)

Mass H20jn = Inlet Flow (CFM) , Mass H20gut = Outlet Flow CFM

(Lb/Min) Vin Vout
where:
Vin = Specific volume @ inlet dew point, Ft3/me
Veut = Specifiq volume @ outlet dew point, Ft3/me
hfg = Heat of vaporization at average dew point

temperature, Btu/Lbp
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WATTS

TOTAL HEAT LOAD (BTU/HR)

TCS SUBLIMATOR UNIT 1
POROUS PLATE NUMBER 1
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(Continued)

Figure 4-4-5 through Figure 4-4-7 present comparable performance
data for the sublimator when tested with porous plate number two.
The performance when using plate two complies with the Work
Statement requirements.

During all operational tests of the unit, moisture collected in
the inlet header of the sublimator. It was found that this was
caused by condensation because the walls of the header were at

a low temperature due to heat transfer directly to the porous
plate region of the unit. The changes necessary to minimize con-
densation in the inlet header and to remove any condensate which
might occur were incorporated in the second sublimator.

In addition, the slurper performance was less than expected (87-
94% efficiency vs an expected 100%). Subsequent slurper module
testing revealed that the slurper configuration incorporated in
the first sublimator was not capable of operating at 100% effic-
iency. These slurper module tests did result in definition of a
slurper configuration that could operate at 100% efficiency, and
a slurper of this configuration was incorporated in the second

sublimator.

The sublimator test program was conducted in accordance with Test
Plan TCS-001 which is included in Appendix C and consisted of the
following tests.

HRS Examination of Prcoduct (unit 1, Plate 1)

There was no significant visual defects noted, and the unit
complied with drawing SVSK 87320, except that the stainless
steel screen between the porous plate and grid was deleted.

HRS Proof Pressure (Unit 1, Plate 1)

The gas circuit was pressurized to 42 KPa (6.1 psig) for five
minutes with no visible deformation. The liquid circuit was
pressurized to 370 KPa (54 psig) for five minutes with no
evidence of deformation.
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4.4.1 (Continued)

et

HRS Leakage (Unit 1, Plate 1)

The gas circuit was pressurized to 28.8 KpPa (4.2 psig), and the
unit was submerged in water for 20 minutes. There was no evi-
dence of leakage. The liquid circuit was pressurized to 247 KPa
(36 psig), and the unit was submerged in water for 20 minutes.
There was no evidence of leakage.

e

HRS Steady State Test (Unit 1, Plate 1)

The liquid and gas loop inlet conditions were established, and
the feed water flow was initiated. After start up, the perfor-
mance was determined at various liquid loop and gas loop inlet
conditions. The result of these tests and a summary of the Work
Statement requirements are included in Appendix D.

During the initial steady state performance testing, it was not
possible to start up at high heat load without breakthrough.
This was corrected by replacing the metallic shims which estab-
lish the feed water gap with a nonmetallic gasket and by adding :
nonmetallic spacers between the porous plate and the heat trans- ; ;
fer surface. After this change, the unit was compliant with all v
of the performance requirements of the Work Statement. The length
of this test necessitated several start up and shutdown cycles.
Thus, the unit was subjected to both nominal and worst case start
up conditions. Under nominal conditions (gas inlet temperature
22.50C (72.59F), inlet dew point 12.780C (550F), and liquid inlet
temperature 12.59C (54.59F)), the liquid loop outlet temperature
dropped below 7.220C (450F) within 30 seconds. Under extreme hot
start up conditions (gas inlet 43.86°C (1110F), dew point 31.950C
(89.50F), and liquid inlet temperature 38.890C (1020F)), the lig-
uid loop outlet temperature dropped below 7.22°C (45OF) in approxi-
mately five minutes. At a low heat load, 115 watts (~530 Btu/hr)
shutdown was accomplished in approximately four minutes, while at
high heat loads, 880 watts (~3,000 Btu/hr) shutdown was accom-

plished in approximately one minute.

et e e DT

S

HRS Mission Test - Venting (Unit 1, Plate 1)

iy IR e T

The ligquid and gas loop inlet conditions were established at
typical Pre-EVA levels, and the feed water flow was initiated.
After start up, the inlet conditions were varied to simulate
typical metabolic loads, and the performance of the unit was
monitored. Three mission tests in the venting mode were con- !
ducted. A summary of the sublimator performance for each mis- '
sion cycle is included in Appendix D. The unit performed in

) accordance with the Work Statement requirements.
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(Continued)

HRS Mission Test Non-Venting (Unit 1, Plate 1)

The liquid loop inlet flow and temperature were set at values re-
presentative of umbilical operation, and the gas loop conditions

were varied to simulate typical metabolic loads, and the perfor-

mance was monitored. A summary of the data is included in Appen-
dix D. The unit performed in accordance with the Work Statement

requirements.

HRS Off Design Tests (Unit 1, Plate 1)

The folldwing Off Design Tests were conducted:
- Exposure to vacuum with pre-wetted plate
- Performance at increased gas flow
- Performance atrincreased liguid thermal load

- Performance with "o" ring’rémoved from between plate and
heat transfer surface “

For the first test, the porous plate was wetted, the vent loop
and liquid loop inlet conditions were established, the chamber
was evacuated, the feed water flow was initiated, and the per-
formance was observed. There was no apparent difference in

- performance from previous runs.

The gas flow was increased to 38.5 x 10-4 M3/Sec (8.2 CFM) and
then to 56.4 x 10-4 M3/Sec (12 CFM) and performance was observed.
Other than the expected increase in latent and sensible heat
loads, there was no change in performance.

The gas loop flow was returned to nominal, and the inlet temper-
ature and dew point were maintained at the upper limit (T gas

in = 43.33%C (1109F) Tpp in = 32.22 (90°F)), and the liquid inlet
temperature was increased until breakthrough occurred. A plot of
heat load vs the liquid lcoop inlet temperature is included in
Figure 4-4-8. During this test series, air was introduced into
the feed water in approximately 2CC slugs. There was no notice-
able affect in performance. '

. The unit was disassembled, and the "o" ring between the porous

plate and the heat transfer surface was removed leaving the non-
metallic spacer, used to establish the feed water gap, as:a
gasket. The unit was reassembled and testing resumed. The
liquid loop and gas loop inlet conditions were set at nominal
start up values T gas in = 36.11°C (97°F), DP in 28.06°C (82.5°F)
and T liquid in = 11.119C (52°F), and the feed water flow was
initiated. At start up, a small amount of ice extrusion was
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(Continued)
observed at the plate/heat exchanger interface; however, within
about 5 minutes, no additional ice appeared. Thus, it was con-

cluded that an adequate seal can be obtained with a gasket making
it possible to eliminate the "o" ring in future units.

HRS Service (Unit 1, Plate 1)

Porous plate No. 1 (Figure 4-4-9) was removed from the unit, and
the plate and heat transfer surface were visually examined. There
was no evidence of pitting on either the plate or the heat trans-
fer surface. There was some discoloration in areas on the plate
which was attributed to deposits of silver bromide.

During the testing with porous plate No. 1, condensation occurred
in the gas inlet header. This was induced by a low temperature
in the header which resulted from low thermal resistance between
the header and the porous plate. In order to increase this re-
sistance during testing with porous plate No. 2, an undersized
gasket was incorporated to eliminate heat rejection in the area
above the inlet header. The use of this gasket resulted in ap-
proximately a 5% reduction in the plate area available for heat

rejection. ; -

HRS Off Design Test (Unit 1, Plate 2)

Sublimator performance with all loads impossed by the ligquid loop
was determined in order to accurately determine the effects of
the undersized gasket. The results of this test and a similar
test using porous plate No. 1 with no gasket are plotted in
Figure 4-4-10. The results showed that at a constant inlet tem-
perature there was a 4 to 6% decrease in the heat rejected with
porous plate No. 2. Considering the predicted 5% decrease in
performance due to use of the undersized gasket, this test con-

firmed the repeatability of the sublimator plates.

HRS Steady State Test (Unit 1, Plate 2)

The liquid and gas loop inlet conditions were established, and
feed water flow was initiated. After start up, the performance
was determined at various liquid loop and gas loop inlet condi-
tions. The results of these tests and a summary of the Work
Statement requirements are included in Appendix D. The unit was
compliant with all of the performance requirements of the Work
Statement, and the performance using plate 2 was comparable to
the performance achieved using porous plate No. 1 after taking

" into consideration the slight decrease 1n performance due to use
of the undersized gasket. '
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(Continued)

HRS Mission Test - Venting (Unit 1, Plate 2)

Typical pre-EVA liquid and gas loop inlet conditions were estab-
lished, and the feed water flow was initiated. After start up,
the inlet conditions were varied to typical EVA levels, and the
performance of the unit was monitored. Three mission tests were
conducted. A summary of the sublimator performance for each
mission cycle is included in Appendix D. The unit performed in
accordance with the Work Statement requirements.

HRS Leakage Test (Unit 1, Plate 2)

The gas circuit was pressurized to 41 KPa (6 psig) with nitrogen,
and the unit was submerged in water for 20 minutes. There was no
evidence of leakage.

The liquid circuit was pressurized to 247 KPa (36 psig) with ni-
trogen, and the unit was submerged in water for 20 minutes. A
leak of 28 cc/min was detected between the liquid loop and the
feed water circuit. The leakage test was repeated using water
pressurized to various levels. The results are shown in Figure
4-4-11. At the nominal operation pressure of the liquid loop
(27 Kpa (4 psig)), the water leakage is less than .6 cc/hr which
was considered acceptable when compared to the normal feed water
use rate of ~—~600 cc/hr.

Second Sublimator

The second sublimator (SVSK 90302) was designed after testing of
the initial unit and incorporated the refinements found possible
and/or necessary during fabrication and test of the first unit.

After brazing of the heat exchanger core, leaks were detected
between the transport loop and feed water circuit. These leaks
were repaired by electron beam welding.

After completion of the heat exchanger core, the unit was assem-
bled as defined by SVSK 90302 (Figure 4-4-12) using porous plate
No. 2 which had been removed from the first sublimator and was
subjected to the tests listed in Table 4-4-2.

The unit cbmplied with the Work Statement reguirements as shown
by the vent loop and LCG performance curves (Figures 4-4-13 and

'4-4-14 respectively). The vent loop outlet temperature was

higher than with the first sublimator because the gas inlet and
outlet headers were isolated from the porous plate and thus could
not contribute to the cooling of the vent loop. Figure 4-4-15 is
a plot of the heat load at various inlet conditions. o ,
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TABLE 4-4-2 §
HRS TEST SUMMARY {
'SECOND SUBLIMATOR (SVSK-90302) :
Performance i
Test Configuration Data Location ;
Proof .Unit 2, Plate 1 N/A
. |
- Leakage Unit 2, Plate 1 N/A |
Steady State Venting Unit 2, Plate 1 Appendix D, j
Table D-10 |
Steady State Unit 2, Plate 1 Appendix D,
Non Venting Table D-11
|
|
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SECOND GENERATION SUBLIMATOR

FIGURE 4-4-12
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(Continued)

After completion of the testing, the water traps placed at the
inlet and outlet of the sublimator were checked and found to be
free of water. The inside of the inlet and outlet headers were
examined, and while the hydrophilic coating in each header was
wet, there was no evidence of free water or puddling. This,

plus the increase in gas temperature over the results obtained
with the first sublimator, indicate that the thermal isolation of
the header, the addition of the small slurper to the inlet header
and the changes to the slurper configuration have eliminated
deficiences observed during testing of the first unit.

Testing of the sublimator consisted of the following tests.

HRS Examination of Product (Unit 2, Plate 1)

There were no significant visual defects noted, and the unit
complied with drawing SVSK 90302,

HRS Proof Pressure (Unit 2, Plate 1)

The gas circuit was pressurized to 41 KPa (6.0 psig) for five
minutes with no visible deformation. The liquid cii.ruit was
pressurized to 370 KPa (54 psig) for five minutes wi » no
evidence of deformation.

HRS Leakage (Unit 2, Plate 1)

The gas circuit was pressurized to 27.4 KPa (4.0 psig), and the
unit was submerged in water for 20 minutes. A small leak was
detected near the slurper header cover. The cover was removed,
and the sealing surface was reworked to remove some scratches _
which extended across the sealing surface. The header cover was
reinstalled, and the leakage test was repeated with no evidence
of leakage. The liquid circuit was then pressurized to 247 KPa

- (36 psig), and the unit was submerged in water for 20 minutes.

A small leak was detected in the weld near one of the gas headers.
This leak was repaired with an epoxy (EC2216), and the leakage
test was repeated with no further evidence of leakage.

HRS Steady State - Venting (Unit 2, Plate 1)

The liquid and gas loop inlet conditions were established, and
the feed water flow was initiated. After start up, the perfor-
mance was determined at various liquid loop and gas loop inlet
conditions. The result of this test and a summary of the ‘Work
Statement requirements are included in Appendix D.
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E ! 4.4.1 (Continued) %

R

} ; HRS Steady State - Non-Venting (Unit 2, Plate 1) §.

% The liquid loop inlet flow and temperature were set at values %

f representative of umbilical operation, the gas inlet temperature ;

; v was maintained at the maximum level, and the dew point was sta- {

a i bilized at low, intermediate, and high levels to determine the

| ! performance of the unit. The results of this are included in

( Appendix D.
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Humidity Control Subsystem Fabrication and Development Test

The HCS consists of two stages. The first stage is the slurper
which is an integral part of the sublimator and was tested during
the HRS development test program. The second stage is a rotary
separator driven by the fan motor. The separator details con-
sisting of a pitot, drum, and housing were assembled to a fan as-
sembly comprised of an Apollo PLSS fan bearing assembly, impellor
and volute and a Hamilton Standard DC motor capable of fan oper-
ation over a pressure range of 27.6 KPa (4.0 psia) to 129 KPa
(18.7 psia). The unit was assembled in accordance with drawing
SVSK 87343 (Figure 4-4-16) and was subjected. to the following
development test program.

HCS Examination of Product

There were no significant visual defects noted, and the unit was
found to comply with the englneerlng definition of the as-built
configuration. :

HCS Proof Pressure

The gas circuit was pressurized to 41.3 KPa (6 psig) for six min-
utes with no visible deformation. The liquid circuit was pres-
surized to 372 KPa (54 psig) for five minutes with no evidence of
deformation.

HCS Leakage

The gas loop was pressurized to 27.6 KPa (4.0 psig), and the unit
was submerged in water for 15 minutes. The unit was found to
have a small leak at a point in the weld between the vent loop
inlet tube and the separator housing. This leak was repaired
using epoxy (EC-2216), and the leakage test was repeated with no
further evidence of leakage.

The liquid circuit was maintained at a pressure of 249 KPa
(36 psig), and the unit was submerged in water for 15 minutes
with no evidence of leakage.

HCS Fan Performance

The fan motor was adjusted to meet the design flow of 3. 06 x

10-3M3/sec (6.5 ACFM) and a pressure rise of 1.045 KPa (4.2 in
H20) at an operating pressure of 27.6 KPa (4.0 psig) and a vol-
tage of 16.2 volts. The fan was then operated with various flows

at inlet pressures of 27.6 KPa (4.0 psia), 101.4 KpPa (14.7 p51a),.“

and 129 KPa (18.7 p51a) - The results are lncluded in Figure
4-4- 17.,

106




I V25
TECHNOLOGIES

HAMILTON STANDARD

R\

SSEM

-

4
.

~/
O
—t




(IN H;O)

80T
LT-b-p FHOOIJ

18

17
16
15
14

i3

11

10

FAN PERFORMANCE USING Ng
® 27.6 KPa (4,0 PSIA)
X 1014 KPa (14,7 PSIA)

(2 129 KPa (18, 7 PSIA)

I

:
g
:
:
I

1

L]

Y/ sec
H

40x 1074

S e+ Tm—— s Wi b

5 6

*

Xt st




!

THR g

4.4.2

'1.04 KPa (4.2 in H20) to 1.03 KPa (4.15 in H0). There was a

 circuit of the rig started filling with water at which point

IR

PROREISRSIEE

IR
i

HAMILTON STANDARD />~

Yethowans

(Continued)

HCS Separator Performance

Separator performance was evaluated at both 27.6 KPa (4 psia) and
129 KPa (18.7 psia). In each case, the main gas flow was set at
typical operating values, and the water flow was increased from
no flow to 3.6 Kg/hr (7.9 1lb/hr) in 0.6 Kg/hr (1.3 lb/hr) incre-
ments. At an operating pressure of 27.6 KPa (4 psia), there was
no change in speed and only a l.3-watt increase in power consump-
tion. At 129 KPa (18.7 psia), there was a light drop in speed
(less than 20.9 rad/sec (200 rpm)) and only a .7-watt increase in
power consumption. There was no gas inclusion in the outlet
water when the back pressure on the pitot was maintained above
27.6 KPa (4 psia). When operating at 27.6 KPa (4 psia), the sep-
arator head generated exceeded 69 KPa (10 psig) while at 129 KPa
(18.7 psia) the head exceeded 41.4 KPa (6 psig). The change in
head was due to the decrease in speed at the higher operating
pressure. It was determined that the pressure drop of the back
pressure valve, at high water flows, exceeded the separator head
produced when operating at 129 KPa (18.7 psia); however, at the
expected maximum water flow of 1.8 Kg/hr (3.96 lb/hr), the head
generated by the fan separator exceeded the pressure drop of the
back pressure valve; therefore, the selected valve is acceptable
for use in the TCS.

HCS Mission Test

The inlet pressure was set at 129 KPa (18.7 psia), and flow was
set at 2.4 x 10-3 M3/sec (5.1 ACFM). A separator inlet gas flow
of .99 x 10-4 M3/sec (.21 ACFM) and an inlet water flow of 2.4
Kg/hr (5.2 lb/hr) were established. The inlet pressure was then
decreased to 27.6 KPa (4.0 psig), the gas flow was set at 3.06 x
10-3 M3/sec (6.5 ACFM), and the separator gas inlet flow was in-
creased to 1.5 x 10-4 M3/sec (.31 ACFM). These conditions were
maintained for four hours demonstrating acceptability for mission
use. There was no carry over or other effects resulting from the
change in operating conditions during the mission test.

HCS Off Design Test

The fan inlet pressure was set at 27.6 KPa (4.0 psi) and a flow
of 3.1 x 10-3 M3/sec (6.5 ACFM) was established. A separator
water inlet flow of .6 Kg/hr (1.3 lb/hr) was established and the
separator outlet was shut off. The separator outlet pressure
increased to 176 KPa (25.5 psig) at which point carry over was
observed in the fan outlet. The water flow was continued and the
effects were observed. The speed decreased approximately 20.9
rad/sec (200 RPM) resulting in a decrease in the fan head from

3.5-watt increase in power due to the water passing through the
fan. The unit had stabilized at these conditions until the gas

o R R R R R e e i

the test was terminated.
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- Water Transport Subsystem Fabrication and Development Test

The WTS consists of a GFE pump, a GFE water diverter valve, a gas
separator, and a vehicle umbilical connector. There was no fab-
rication or test activity on the GFE hardware.

Gas Separator

The detail parts of the gas separator were assembled per SVSK
90475 (Figure 4-4-18), and the following tests were performed.

Examination of Product

The unit complied with the requirements of the assembly drawing.
A small dent, which would have no effect on the function of the
unit, was noted on the exterior of the housing.

Proof Pressure

The unit was pressurized to 379 KPa (55 psig) for five minutes
with no evidence of deformation.

Leakage

The unit was pressurized to 242 KPa (35 psig) with nitrogen and
was submerged in water for five minutes. There was no evidence
of leakage.

Separation Verification Test

ThHe unit was installed in the test rig and charged with water.

One and one half hour after charging, flow was initiated, and the

first set of data was recorded. The performance was monitored
every hour for the first seven hours and, thereafter, twice every
twenty four hours for a total of one hundred and two hours of
operation. The data is summarized in Table 4-4-3. The lower
delta P value was recorded when water was flowing through the
.separator, while the higher delta P was recorded while air was
being introduced to the separator at a rate of 35 cc/min. There
was no gas carry-over to the outlet of the separator. At the
initiation and completion of the test, air was introduced at a
rate of 360 cc/min (~10 times required rate) with no evidence
of gas carry-over.

Vehicle Umbilical Connector

The vehicle umbilical connector was designed, fabricated, and
assembled by the manufacturer of the Apollo PLSS multiple water
connector. The unit (Flgure 4-4-19) was subjected to the follow-
ing test series.
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Time

TABLE 4-4-3

SEPARATION PERFORMANCE TEST RESULTS

water Flow

Delta P

Remarks

Hours

Kg/Min
(1b/min)

KPa
(in H20)

(See Note)

0

24

24

30

30

1.86 1.05
(4.1)

(4.25)

1.18
(4.75)

1.02
(4.13)

1.01
(4.06)

.99
(4)

099
(4)

.99
(4)

1.24
(5)

.99
(4)

.962

(3.88)

.99
(4)

1.24
(5)

.99
(4)

1.86 1.49

(4.1) (6)
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TABLE 4-4-3
(Continued)
Time Water Flow Delta P Remarks
' Kg/Min: 'KPa :

Hours (1b/min) (in H20) " (See Note)
46 1.86 .99 A
(4.1) (4)

46 1,24 B
(5)
54 .99 A
(4)
54 1.36 B
(5.5)
70 1.02 A
(4.13)
70 1.36 B
(5.5)
78 1.02 A
(4.13)
78 1.36 B
(5.5)
86 1.01 A
(4.07)
86 1.12 B
(4.5)
102 1.01 A
A (4.07)
102 1.86 ‘ 1.12 B
(4.1) (4.5)
Note: A = No gas in separator
B = Separating gas
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(Continued)

Examination of Product

There was no significant visual defects noted.

Proof Pressure

The connector was subjected to a pressure of 393 KPa (57 psig)
for five minutes both coupled and uncoupled. There was no

evidence of deformation.

Cross Leakage

The connectors were coupled and the inlet side pressurized with
water to 34.5 KPa (5 psig). There was no leakage from the inlet

to outlet side of the connector.

External Leakage

The connector halves were pressurized with water to 34.5 KPa
(5 psig) for 20 minutes coupled and for 20 minutes uncoupled.

There was no evidence of leakage.

Force to annect

The connector halves were pressurized to 172 KPa (25 psig) and
were then coupled. The force to connect was 51.2 newtons
(11.5 lbs) versus a requirement of 89 newtons (20 lbs).

Pressure Drop (Connected)

The connector halves were coupled, and the inlet and outlet of
the vehicle half were connected. The water flow through the
coupled pair was varied, and the pressure drop was recorded.
The test results are shown in Figure 4-4-20. The unit complied

with the maximum allowable pressure drop.

Pressure Drop (Uncoupled)

The connector halves were uncoupled and the pressure drop vs
water flow through the backpack half was recorded. The results
are shown in Figure 4-4-21. The pressure drop was significantly
above the targeted value of .54 KPa (.25 psi) at a flow of 1.09
kg/hr (240 lb/hr). The higher pressure drop will have no effect
on TCS performance since the pressure rise of the pump exceeds
the expected total system pressure drop at 1.09 kg/hr (240 1b/hr)
even considering the connectors high pressure drop.
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- decreased until the flow stopped. The water flowed freely at an

~of 6.89 KPa (1 psi).
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(Continued)

This valve was designed primarily to determine if the PLSS water
connector design could be successfuly adopted for use as the
vehicle umbilical water connector. The results of this test
demonstrate the inherently high pressure drop of the connector
which can only be resolved by increasing the size of the flow
passages and minimizing turns within the connector or by ¥
utilizing a totally new design concept.

Water Management Subsystem Fabrication and Development Tests

The WMS consists of a reworked Apollo PLSS auxiliary water tank,
an Apollo canister reservoir assembly, and various valve fittings
and connectors arranged in a configuration to support the TCS
requirements. These items were mounted to the TCS enclosure,

and the interconnecting plumbing was installed. The assembled
subsystem (Figure 4-4-22) was subjected to the following test

program.

WMS Examination of Product

There were no significant visual defects noted, and the unit was
found to comply with the engineering definition of the as built
configuration. The dry weight was 19.94 Kg (43.86 1b).

WMS Proof Pressure :

The gas circuit was pressurized to 41.6 Kpa (6.04 + .01 psig) for
six minutes with no visible deformation. The liquid circuit was
pressurized to 379 Kpa (55 psig) for five minutes with no evidence
of deformation.

WMS Leakage

The gas loop was pressurized to 28.5 KPa (4.13 psig) and main-
tained at this pressure for 30 minutes. The gas inlet flow
required to maintain this pressure was less than 2 cc/min vs

a requirement of 18 cc/min maximum. '

The liquid circuit was maintained at a pressure of 252 KPa
(36.5 psig) for 15 minutes with no evidence of visual leakage.

WMS Check Valve Performance

The pressure on the upstream side of the check valve was increased
until water flowed freely from the LCG bypass fitting and was then *
upstream pressure of 186.6 Pa (.75 in H70) and stopped flowing

with an upstream pressure of 124.4 Pa (.5 in Hy0). This complies
with the requirement that the unit must flow freely at a pressure

. : e i ;
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(Continued)

Main Relief Valve Performance

The main relief valve was flow cycled three times with the
following results:

Cxcle 1 Cycle 2 Czcle 3
Pressure at which 342.3 KPa 338.8 KPa 338.8 KPa
flow started (49.65 psiq) (49.15 psig) (49.15 psig)
Pressure at which 331.9 KPa 331.9 KPa 331.9 KPa
flow stopped (48.15 psiq) (48.15 psigqg) (48.15 psig)

The valVe;cracking and reseat was within the test limits of
275.8 KPa (40 psig) to 344.7 Kpa (50 psig). '

 WMS Expansion Tank Relief Valve Performance

The expansion tank relief valve was flow cycled three times with
the following results: :

CXCIe 1 Cxcle 2 Cycle 3

Pressure at which 362.9 KPa 365 KPa 364 Kpa
flow started (52.65 psig) (52.95 psig) (52.85 psig)
Pressure at which 359.5 KPa 360.2 KPa 360.2 KPa

flow stopped (52.15 psig) (52.25 psig) (52.25 psig)

These valves exceed the test plan target of 275.8 KPa (40 psiqg)
to 344.7 KPa (50 psig), however, since the valve met the Work
Statement intent of over pressure protection, it was not
readjusted. '

WMS Mission Treating Venting

The mission testing was conducted to verify that the WMS would
store at least 3.73 Kg (8.2 lbs) of water of which at least 3.55
Kg (7.8 lbs) was useable and that the recharge could be completed
in five minutes. This test also permitted an assessment of the
recharge procedure. Figure 4-4-23 shows the setup used for the
‘ ?iiiion test. The basic recharge procedure utilized was as
ollows: -

A) The feed water shutoff valve and dump valve were closed
(unless already closed). ‘

B) The expansion tank shutoff valve was opened, and the drain
fitting was connected.
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C)

D)

E)

F)

G)

H)

The

A)

B)

C)

D)

The gas loop was pressurized to 27.58 KPa (4 psig) and held
until water stopped flowing from the drain connector.

The gas loop pressurization source and the expansion tank
shuoff valve were closed, and the drain connector was

disconnected.
The unit weight was recorded.

The water fill connector was connected, and the dump valve
was opened.

After the water pressure restabilized at 248 KPa (36 psia),
the f£ill connector was disconnected and the dump valve was

closed.
The unit weight was recorded.
unit was then discharged as follows:

The expansion tank shutoff valve was opened, and the water
pressure was stabilized and recorded.

The vent loop pressure was decreased to 27.58 KPa (4.0 psia),
and the water pressure was recorded after stabilization.

The feed water valve was opened, and the unit was discharged.

The unit weight and the weight of the feed water collected
were recorded.

This cycle was repeated for a total of five cycles.

The weights and pressures recorded are included in Table 4-4-4
and verify that the WMS complies with the mission test (venting)
performance requirements. The time required to charge the
reservoir was four minutes. ~

During the test program, several observations were made.

A)

B)

In a flight design, the number of activities required of the
crewmen should be reduced by combining functions of valves

and/or connectors.

The gas loop must be vented during the recharge or it will
be over pressurized. :
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Tests marked * run with water pressure gauge disconnected.

water Pressure
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Kg Kg Kg Kg Kg Kg KPa KPa KPa
(1b) (1b): (1b) (1b) (1b) {1b) (psia) (psia) (psia)
1l 20,42 24.43 20.48 4.01 3.95 3.95 248 *See Note
. (44.92) (53.75) (45.06) (8.83) (8.69) (8.69) (36)
2 | 20.49 24,38 20.52 3.89 3.85 3.89 248 101.3 28.3
(45.07) (53.63) (45.16) (8.56) (8.47) (8.56) (36) (14.7) (4.1)
3 20.50 24 .4 20.62 3.9 3.78 3.78 248 *See Note
(45.10) (53.68) (45.36) (8.58) (8.32) (8.32) (36)
4 20.51 24.38 20.5 3.87 3.89 3.91 248 101.3 28.3
‘ - {45.12) (53.64) (45.09) (8.52) (8.55) {8.61) (36) (14.7) (4.1)
5 20.50 . 24 .37 20.5 3.88 3.87 3.89 248 101.3 28.3
(45.09) ‘(53.62) (45.11) (8.53) (8.51) (8.55) (36) (14.7) (4.1)
" Note:
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4.4.4 (Continued)

C) The fluid being discharged was a mixture of free gas and
water throughout the discharge cycle with the quantity of
: air increasing near the end of the discharge cycle.

D) In runs where the water £il1ll connector was left connected to
verify the liquid loop pressure, the gas in the line forced -
additional water into the system from the line and gauge
after the charged weight had been recorded. This additional
water was removed as feed water making the feed water weight
greater than the weight decrease of the system. In runs
where the fill connector was not reconnected after the
charged weight was recorded, the feed water collected was
equal to the system weight decrease.

WMS Mission Testing Non-Venting

This test was conducted to verify that the expansion tank could
| hold at least .77 Kg (1.7 lbs). The expansion tank was charged
P _ with the expansion tank shutoff valve closed. The unit weight
L increased from 20.58 Kg (45.28 1lbs) to 21.54 Kg (47.38 lbs) for
1 ' a weight increase of .95 Kg (2.1 lbs) verifying compliance with
the requirements.

WMS Service

The service test was conducted to determine the effectiveness of
the deactivation and drying procedure.

Because of the number of fittings and water tubes, the liquid
loop and feed water circuit discharge was modified to better
assure removal of water from the system. The revised procedure

was as follows:

| : A) The LCG flow control valves, the expansion tank and umbilical
! o shutoff valves were opened, and the feed water and dump valves

were closed.

B) The feed water circuit was pressurized through the £ill
connector to 28 KPa (4 psig) with nitrogen.

¢) In turn, the LCG outlet fitting, LCG inlet fitting, umbilical
outlet fitting, umbilical inlet fitting, LCG bypass fitting
and LCG outlet pressure port fitting were uncapped, purged
for five minutes and recapped. :

g % D D) The LCG bypass fitting was uncapped, and the unit was rotated
until the control panel was facing down. This attitude was.
held for two minutes. : .
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| 4.4.4 (Continued) : |

E) The unit was put right side up, and Step C was repeated ex-
cept the purge time was reduced to one minute per fitting.

o F) The recharge connector was removed, the drain connector was
installed, and the feed water valve was opened.

: G) The gas circuit was pressurized to 28 KPa (4 psig), and the
* ' slurper pressure port fitting and the gas outlet pressure
port fitting were uncapped, and the unit was held with the
control panel facing down for two minutes.

H) The unit was righted, and the gas supply was disconnected.
This procedure appeared to remove all free water from the
Wdec )

; For the final drying, the canister cover was removed as well as

] all fittings being uncapped. Also, the fill and drain connectors
§ ! were left installed. After the unit was exposed to a vacuum for
! one hour, the chamber was returned to ambient using room air
rather than dry nitrogen.

| The dry out verification for each circuit was accomplished by
| purging with dry nitrogen and observing the outlet dew point

f every five minutes. When three successive readings were less

! : than -17.8°C (0°F), the unit was considered dry. The verifica-
tion was to take less than 30 minutes per circuit. The gas cir-
cuit required 23 minutes, the feed water circuit required 1l

: minutes, and the liquid loop required 10 minutes. The test

! verified the adequacy of the dry out procedure.

WMS Mission Test (Non-Venting) (Second Test)

During the second mission test in the non-venting mode, .96 Kg
(2.12 1bs) of water was required for charging the bubble expansion
tank.

WMS Mission Test (Venting) (Second Test)

The procedure utilized in the first mission test in the venting
| : mode was repeated with the results summarized in Table 4-4-5.
| Again, the unit complied with the performance requirements.

| f . WMS Leakage Test (Second Test)

The gas and liquid circuit leakage tests were repeated with no
change from the previous leakage test results.
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: TABLE 4-4-5
WMS VENTING MISSION TEST RESULTS - SECOND RUN

Water Pressure
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Kg Kg Kg Kg Kg Kg KPa KPa Kpa
(1b) _ (1b) (1b) (1b) (1b) (1b) (psia) (psia) (psia)
1 20.4 24.35 20.49 3.95: 3.86 3.90 248 101.3 27.8
(44.89) (53.58) (45.08) (8.69) (8.5) (8.58) (36) (14.7) (4.0)
2 20.49 24.37 20.5 3.88 3.87 3.91 248 101.3 27.8
(45.07) (53.61) (45.09) (8.54) (8.52) (8.61) (36) (14.7) (4.0)
3 20.5 24,36 20.5 3.86 3.86 3.86 248 See Note
(45.09) (53.59) (45.10) (8.50) (8.49) (8.49) (36) * *
4 20.5 24.37 20.49 3.87 3.89 3.93 2438 101.3 27.8
: (45.10) (53.62) (45.07) (8.52) (8.55) (8.64) (36) (14.7) (4.0)
5 20.48 | 24.37 20.49 3.89 3.88 3.91 248 101.3 27.8
(45.05) (53.61) (45.08) (8.56) (8.53) (8.61) (36) (14.7) (4.0)
Note: Test marked * run with pressure gauge disconnected.
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(Continued)

Service

The system deactivation was repeated with the dry out verifica-
tion requiring 25 minutes for the gas loop, 17 minutes for the
feed water circuit, and 16 minutes for the liquid circuit.

Examination of P;oduct (Final)

There was no change from the initial examination of product
except that the painted surfaces were slightly dirtier. These
surfaces will be cleaned when the TCS is assembled.

System Fabrication and Development Test

Subsequent to the subsystem test programs, the subsystems were
combined to form the Thermal Control System. Due to program re-
quirement and schedule changes, this effort was conducted in two
stages. In the initial stage, the HRS (sublimator), WMS (main
reservoir, bubble expansion tank, valves, etc.), and the HCS
(rotary separator) were combined to form the Thermal Control
System shown schematically in Figure 4-5-1 and pictorially in
Figure 4-5-2. The system level test program was conducted with
this configuration of the TCS. After system level testing, the
TCS was updated to include the WTS components. The schematic
of the updated TCS configuration is shown in Figure 4-5-3. No
testing was performed with the updated configuration.

The system level test program consisted of the tests listed in
Table 4-5-1. ’

Figure 4-5-4 presents a summary of the outlet dew point and
liquid loop outlet temperatures versus total heat load. At the
maximum required heat load of 909 watts (3100 Btu/hr) both the
outlet dew point and liquid loop outlet temperature complied
with work statement requirements. The heat load shown consists
of the vent loop latent and sensible heat loads, the liquid loop
1oad and the heat load induced by the fan/separator assembly and
a heater which was utilized to prevent cooling in the canister

~assembly..

The test program was conducted in accordance with test plan TCS-4
and consisted of the following:

TCS Examination of product

¢ Sy : L ,
The unit was freée from visual defects and complied with the defi-
nition of the unlt.
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TABLE 4-5-1

TCS TEST SUMMARY

(TCS testéd less WTS components, tests conducted with sublimator
Number 1 and porous plate Number 2)

Test Performance Data  Location
Examination of Product N/A
Pﬁoof Pressure N/A
Gas Circuit Leakage - N/A
Liquid Circuit Leakage N/A
Mfssion Test (Room Temp Start) Appendix D Table D-12
Mission Test (Cold Start) Appendix D Table D-13
Mission Test (Hot Sfart) : Appendix D Table;D-l4
System Pressure Rise Qs Flow paragraph 4.5 |
Uﬁbilical Operation paragraph 4.5
Deactivation
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(Continued)

TCS Proof Pressure

The gas circuit was pressurized with nitrogen to 42 XPa (6.1 psig)
for five minutes with no evidence of deformation. The liquid cir-
cuit was pressurized with nitrogen to 379 Kpa (55 psig) for five
minutes with no evidence of deformation.

TCS Gas Circuit Leakage

The gas circuit was charged to 28 KPa (4.05 psig), and this pres-
sure was maintained for 20 minutes. The flow required to maintain.
the pressure was 27 cc/min vs a requirement of 18 cc/min. The
leakage was traced to two areas, one being the rotary separator
relief valve and the second being a leak through the fan motor
wire. The relief valve leakage was checked and figured to be
10cc/min at 28 KPa (4.03 psig) because this pressure was close

to the cracking pressure of the relief valve. During normal op-
eration the pressure differential between the two circuits is
less than 1.4 Kpa (0.2 psig). At this pressure, there was no

gas leakage through the relief valve, thus the relief valve was
subtracted from the flow required to maintain a constant pressure
resulting in an actual external leakage of 17 cc/min which met
the test requirement.

The motor used for the fan separator was a prototype unit which
did not contain hermetically sealed wire terminators making it
possible for gas leakage to occur between the conductor and
insulator. In a flight unit design, no leakage would be expected
in this area. '

TCS Liquid Circuit Leakage

The liquid circuit was pressurized with water to 241 KPa (35 psig)
for twenty minutes. Two leaks were detected. One leak was the
previously discussed and accepted leak between the transport cir-
cuit and feed water circuit in the sublimator (reference paragraph
4.4.1). The second leak was in the weld joint between the fan
motor electronics and the cooling tube. This leak was eliminated
by sealing with an epoxy (Scotchweld EC 2216). ‘

TCS Mission Test (Room Temperature Start)

The reservoir was charged to 248 KPa (36 psig) with saturated
water. After the fill connector was uncoupled, the bubble ex-
pansion tank shutoff valve was opened allowing the water pressure
in the reservoir to drop to room ambient pressure. The vent loop
pressure was then decreased to 26.2 KPa (3.8 psia), and the
liquid loop pressure dropped to 276.6 KPa (4.0 psia) confirming
proper operation of the expansion tank. :
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The test chamber and steam header were evacuated, typical gas
circuit and liquid circuit inlet conditions were established
after which feed water flow was initiated and maintained for four
hours. During this test, the gas loop and liquid loop inlet con-
ditions were varied to approximate inlet conditions that would
occur at various metabolic loads. After about 20 minutes of op-
eration, the gas circuit pressure rise dropped significantly. It
was theorized that this was caused by water condensing and col-
lecting upstream of the sublimator because conduction to the sub-
limator resulted in duct wall temperatures lower than the inlet
dew point. After 55 minutes of operation, the steam used to es-
tablish the gas dew point was shut off allowing the relatively
dry gas to pick up the free water. As the run progressed, the
gas circuit pressure rise increased as shown in Figure 4-5-5,
thus confirming that the drop in head was due to water condensing
in the ducts. It was concluded that a means of heating the can-
ister and other inlet duct work should be incorporated before
conducting the remaining mission tests. A summary of the per-
formance data obtained during this test is included in Appendix
D. The system complied with the Work Statement reguirements.

TCS Mission Test (Cold Start)

Prior to initiation of this test, the canister and the duct be-
tween the fan and canister were wrapped with heater tape to main-
tain the wall temperatures above the inlet dew point. The unit
was then charged with water, the vent loop and gas loop inlet
conditions were established, and the feed water flow was initi-
ated. After approximately 30 minutes of operation, it was sus-
pected that some breakthrough was occurring because of a high
liquid loop outlet temperature at a low load. The test was con-
tinued, and at 100 minutes of operation, the sublimator steam
outlet header pressure increased significantly confirming the
breakthrough. The unit was shut down, and the test results were
evaluated. It was determined that heat conducted to the subli-
mator from the heater tape resulted in a high temperature at the
porous plate imposing an abnormally high heat load on the plate
which resulted in the breakthrough. The aluminum mounting chan-
nel and shims were replaced with parts made of Zytel 101 in order
to thermally isolate the sublimator from conducted heat loads.

The test was then repeated with no evidence of breakthrough even
at heat loads significantly higher than specification require-
ments. The gas loop pressure rise remained essentially constant
- during this run except for the high dew point case where it drop-
ped slightly because the extra moisture resulted in a high flow
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rate through the systems. The results of the test are summarized
in Appendix D. At the maximum specified heat load of 909 watts
(3,100 Btu/hr) the outlet conditions meet specification require-
ments.

TCS Mission Test (Hot Start)

The system was recharged and then heat soaked to 40.6°C (105°F).
The feed water flow was initiated, and performance was observed.
For a few minutes after start up, there was a slight increase in
the steam neader pressure indicating possible breakthrough; how-
ever, the header pressure soon returned to the pre start up level
and stayed there for the remainder of the run. After testing was
completed, the plate area was visually examined and was free of
any evidence of ice. The results of this test indicate that the
unit is capable of hot start; however, because of the possibility
that some breakthrough occurred during the start up, a flow lim-
iting orifice should be incorporated in the feed water line.

As with the previous mission tests, the inlet conditions were
varied to typical metabolic levels. The data from this run is
summarized in Appendix D. Once again, the performance was in
accordance with requirements.

TCS System Pressure Rise vs Flow

The pressure rise for the TCS was obtained at various flows at
gas inlet pressures of 25.5 KPa (3.7 psia), 101.4 KPa (14.7 psia),
and 129 KPa (18.7 psia) for engineering information. The results
of this test are included in Figure 4-5-6.

TCS Umbilical Operation

The performance of the system at conditions simulating umbilical
operation was obtained for engineering information. The test was
conducted at inlet pressures of 26.9 KPa (3.9 psia), 102.3 KPa
(14.8 psig), and 129 KPa (18.7 psia). During this test, the
liquid loop and gas loop inlet temperatures were maintained at
constant levels, and the inlet dew point was varied to simulate
changes in metabolic load. The results of this test are
summarized in Figures 4-5-7 through 4-5-9.

TCS Deactivation

After completion of the performance tests, any water in the feed
water and liquid loops was discharged, and gas circuit was purged
with dry nitrogen for one hour. The unit was then subjected to
three one hour vacuum exposures with all fittings and valves open
to remove any residual water. The adequacy of the dry out cycle
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4.5 (Continued)

’ was verified by passing dry nitrogen through each circuit and
observing the outlet dew point until three consecutive readings,
taken at five minute intervals, were less than -17.8°C (0°F).

- Dry out verification required only 15 minutes per circuit.
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CONCLUSIONS

The TCS program has defined an improved system for thermal con-
trol of a portable extravehicular mobility system for use in a
zero "g" space application. The system is comprised of a replace-
able plate sublimator for heat rejection, a bladder tank system
for expendable water management, and a slurper/rotary water sepa-
rator for ventilation condensate control. A gas separator, posi-
tive displacement pump, umbilical connector, and a manual flow
control valve provide water transport control.

The hardware designs summarized in this report represent signifi-
cant improvements over the comparable hardware used in the Apollo
PLSS. These designs, which are supported by actual performance
data, are lighter, require less power, are longer life, and more
maintainable and less costly than hardware serving a similar
function in the Apollo PLSS.

The TCS hardware, which is fabricated and tested in the program,
meets all of the program pec¢formance requirements and represents
new performance and system baseline for portable life support
systems. The TCS provides a test bed vehicle which can be util-
ized to evaluate performance at off design conditions and pro-
vides a vehicle for evaluation of future system changes and
component modifications.
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RECOMMENDATIONS

The evolved TCS design requires a number of manual "user" opera-
tions or steps when using the system, especially in the area of

servicing the Water Management Subsystem. Based on servicing

experience gained with the TCS hardware, the risk of user error
is believed to be significant. Design changes should be imple-

mented in any flight design to reduce the number of operations
required to service or use the system.
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i 1.0 INTRODUCTION ‘ g
| é This "mini" specification defines the requirements for an E
3 Extravehicular Life Support System (EVLSS) Prototype Thermal 4
e Control System (TCS) which consists of a Heat Rejection Sub- :
S system (HRS), a Water Management Subsystem {(WMS), a Humidity ‘
. Control Subsystem (HCS), and a Water Transport Subsystem
o (WTS) .
«3 2.0 . APPLICABLE DOCUMENTS
| MIL-STD-810B Environmental Test Methods ;
?‘ MSCM-8080 Manned Spacecraft Criteria and ;
| : Standards , ?
i MSC-SPEC-SD-W-0020 Potaible Water Specification :
L 3.0  REQUIREMENTS |
i 3.1 Performance
i 3.1.1 . Heat Rejection'SubsySteﬁ
| E | ; The Heat Rejection Subsystem (HRS) will use water as an
expendable and will provide cooling for the oxygen loop
and the liquid cooling loop of the EVLSS.
?ff 3.1.1.1 Oxygen Loop Parameters
S 3.1.1.1.1 Operating Pressure

Ho " 7The normal operating pressure within the oxygen loop will be
. 25.5-27.6 KPa (3.85 + .15 psid) above ambient pressure. The
unit must be capable of withstanding a pressure of 29.3 KPa_
(4.25 psid) and a collapsing pressure of up to 101 Kpa (14.7

psia) .

3;1.1.1.2 Maximum Heat Load

Lol The HRS shall cool the oxygen loop to 109C (500F) maximum
Lo . with the inlet conditions of 2.6 x 10-3 m3/sec (5.5 ACFM) :
: flow, 25.5 to 27.6 KPa (3.85 % 0.15 psia) pressure, 43.330C '
_(L100F) temperature and dew point of 32.780C (910F) . :

i
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3.1.1.1.3 Minimum Heat_Load

A T

The HRS shall cool the oxygen without freezing the condensed
water with inlet conditions of 2.6 x 10-3 n3/sec (5.5 ACFM)
flow, 25.5 to 27.6 KPa (3.85 + 0.15 psia) pressure, 22,220C
(720F) temperature, and a dew point of 1.679C (350F).

T T I T T T T T L L T Ty

3.1.1.1.4 Pressure Drop

The pressure drop in the oxygen loop shall not exceed 694 Pa f;
(2.8 inches of water) under the conditions established in o

% ' paragraph 3.1.1.1.2.

3.1.1.2 Liguid Loop Parameters 3%

3.1.1.2.1 Operating Pressure

The normal operating pressure within the liquid loop will be
24.1 to 157.5 KPa (3.50 to 22.85 psia). The maximum normal |
pressure (non-operating) will be 246 KPa (35.7 psia). -

3.1.1.2.2 Maximum Heat Load ;g

The HRS shall cool the water loop to 7.220C (459F) maximum
with inlet conditions of .03 Kg/sec (4.0 lb/min) flow and
12.220C (540F) temperature.

3.1.1.2.3 Minimum Heat Load b

The HRS will cool but not freeze the water loop with an
; inlet heat load of 42 watts (144 Btu/hr) under the minimum
g flow conditions of the system. The maximum inlet tempera-
ture will be up to 26.670C (80OF) depending upon selected
concept.

3.1.1.2.4  Pressure Drop

The pressure drop in the‘watér loop shall not exceed 5 KPa.
(.728 psi) with an inlet flow of .03 Kg/sec (4.0 lb/min) and
an inlet temperature 7.22 to 12.78°C (45-55°F) .

& 3.1.1.3 Start Up and Shutdown Requirements
é i, -3.1.1.3.1 Controls |

As a design goal, the HRS shall be started up and shut down
by a single control. A special start up position shall not
be required. :
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3.1.1.3.2

'3.1.1.3.3

3.1.1.3'4

3.1.1.3.5
3.1.1.3.5.1

™

Sgillage

There shall be no water spillage when started up for each
EVA. (Dry out within the prescribed shutdown period (five
minutes) fulfills this intent.)

Start Up Time

The HRS shall be capable of rejecting the maximum heat load
and meeting the performance requirements of paragraph
3.1.1.2.2 within 10 minutes after being turned on with a
design goal of five minutes.

shutdown Time

The HRS shall be non-venting within five minutes after shut
off in a hard vacuum environment.

Start Up Conditions

Liguid Loop

The HRS shall be capable of start up with liquid loop tem-
peratures from 10.0 to 37.780C (50 to 1000F) and flow rate

- of .001 to .03 Kg/sec (.14 to 4 lb/min) .

3.1.1.3.5.2

3.1.1.3.5.3

Oxygen Loop

The HRS shall be capable of start up with oxygen loop cohdi—

tions of 10.0 to 37.78°C (50 to 1000F), dew point of 1.67 to
29.,440C (35 to 85OF), pressure of 25.5 to 27.6 Kpa (3.85 +
.15 psia), and a flow rate of 2.6 x 10-3 m3/sec (5.5 ACFM).

ExpEndable Water Circuit

The HRS shall be capable of start up expendable water
supplied at the following conditions: ‘

a.  Temperature Range: 1.67 to 37.780C (35‘to lOOOF) '
b. Pressure Range: 25.5 to 246 KPa (3.70 to 35.7 psia)

Depending on the type of WMS and HRS, the expendable water
may be fully saturated with N2 and Hp to a partial pressure
of 3.33 KPa (25 mm Hg).

"NOTE: The pressure range is based on vehicle imposed pres-
sure on the WMS. In the event a higher or lower pressure
is required to operate the HRS, the pressure range will be
adjusted accordingly. R .
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3.1.1.4

3.1.2.1
3'1.2.1.1

3.1.2.1.2

0 3.1.2.2

3.1.2.2,1

3'.1.2.2.2

Maintenance

The HRS shall be capable of storage for 24 hours minimum at
hard vacuum with no special preparation necessary to make it
ready for an EVA cycle other than replenishing the expendable
water supply. The HRS shall also be capable of start up, two
hours operation, shutdown, and non-venting (non-operating)
for 30 minutes, start up and 1 1/2 hours operation and final
shutdown.

The HRS shall be capable of operating while being wetted
durlng a mission cycle lasting up to 30 days before requir-
ing any special servicing.

Water Management Subsystem

The WMS shall supply expendable water to the HRS as required
and makeup water to the liquid cooling loop as required.

The WMS may accept and store or use separated water from the
HCS.

Fluid Capacity

Expendable Water

The reservoir shall be capable of holding a minimum of 3.45
Kg (7.6 pounds) of water when charged and of leaving a mini-

mum amount of residual water when no longer capable of

supplying water.

Separated Water

Water separated from the oxygen loop by the HCS may be
stored or used as expendable water.

Fluid Pressure

Expendable water will be provided to the WMS at a pressure
of 124 to 246 KPa (18 to 35.7 psia). As a design goal, the
system shall be capable of working with water at 386 KPa
(56 psid). After start up, the water pressure supplied to

the HRS may be 25.5-27.6 KpPa (3.85 + .15 psid) dependlng on

the HRS concept selected.

Separated Water

~ The separated water pressure will be TBD above ambient pres-

sure. ' The expected pressure is 23-30 KPa (3.85 + .5 psid).
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I 3.1.2.3 | Fluid Temperature

3.1.2.3.1 Expendable Water

; : 3.1.2.3.2 Separated Water

(33 to 900F).

3.1.2.4 Fluid Processing

With the possible exception of removing gases, the WMS shall
not process the water to be ‘supplied to the HRS.

3.1.2.5 Contamination

The WMS shall not add contamination to the water to be

supplied to the HRS.

3.1.3 Humidity Control Subsyétem

The HDC will separate the condensed water from the oxygen
loop portion of the HRS heat exchanger and will either store
the water or deliver it to the WMS for storage or use as an

expendable.

3.1.3.1 Storage Capacity

1f the HCS stores the separated water, it shall be capable
of holding a minimum of .77 Kg (1.7 lbs) of water, and it

shall have drain provisions.

3.1.3.2 Separation Rate

3.1.3.3 Slugging

shall be insensitive to slugging.

3.1.3.4 ' Orientation

Lo ; to gravity.

f §‘ The expendable water will be provided to the WMS at a
‘ temperature of 1.67 to 37.780C (35 to 1000F).

The separated water temperature will be .56 to 32,220C

The HCS shall separate a minimum of 5.3 x 10-5 Kg/sec (0.42
1b/hr) of condensate from the oxygen loop portion of the HRS.

The HCS shall either prevent condensate slugging, or it

. : ~ The HCS shall separate water in any orientation with respect
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3.1.3.5

3.1.4

3.1.7.1

3.1.7.2

SRR

UNIVED
TECHNOLOGIES '

oxygen Loog,Pa:ameters

The pressure drop of the oxygen loop portion of the HCS
shall not exceed 89.6 Pa (0.36 inches of water) with oxygen
loop flow of 2.6 x 10-3 m3/sec (5.5 ACFM), temperature in
the range of 40 to 90°F and pressure in the range of 25.5-

27.6 Kpa (3.85 + 0.15 psia).

Relief Valve

The TCS shall incorporate a relief valve in the expendable
water circuit. The valve shall be set at TBD.

Check Valve

The WMS shall contain a check valve to prevent water flow
from the liquid cooling loop to the expendable water circuit.

Umbilical Operation

The TCS shall also be capable of being used with the HRS
shutdown and connected to a spacecraft liquid cooling umbil-
ical to provide cooling to both the vent loop and liquid
cooling garment for a period of 4.5 hours. The TCS shall
operate and remain safe, but may operate with selected de-
graded performance when operated with a spacecraft liquid
umbilical.

Water Transport Subsystem

The Water Transport Subsystem (WTS) will circulate the cool-
ing water, separate free gas from the water cooling circuit,
provide a means for crewman to achieve thermal comfort, and
shall provide a means for connecting the water cooling cir-
cuit to a spacecraft liquid cooling umbilical. :

Water Circulation

The cooling water circulation shall be provided by a GFE
SV713867 water pump.

Gas Separator

The gas separator shall separate the gas contained in the
loop with maximum system water flow within five minutes.

The device shall contain no moving parts and shall be valved
to permit separated effluent gas to be vented continuously
or at operator option. The gas will be introduced to the
separator at a maximum rate of 35 cc/min.

[RPSPPRVISMTREE.
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3.1.7.3 Temperature Control Valve

The TCV shall allow cooling water to be bypassed around the ;

- inlet and outlet quick disconnect while allowing continuing |

- full flow through the HRS. Valve end positions correspond- ' |

o ing to "full warm" and "full cold" shall be provided with at P
least ten position indicating detents in between for partial
bypass. The "full warm" position shall divert all but .68 : |
to 2.05 kg/hr (1.5 to 4.5 lb/hr) around the inlet and outlet S
quick disconnects, while the "full cold” position shall sup- ;
ply 109 kg/hr (240 1b/hr) minimum to the outlet disconnect.
Delta P across the valve (in any position) shall be 17.2 KPa
(2.5 psid) maximum.

Simulation of the Temperature Control Valve function shall
be provided by a GFE Skylab ALSA Water Diverter Valve.

3.1.7.4 Umbilical Connector

3.1.7.4.1 Operating Modes

There are two operating modes for the vehicle umbilical con-
nector, coupled and uncoupled. Figure 1 and 2 show the two
modes of operation respectively.

When the connector is coupled, all of the backpack water S
shall be directed to and from the umbilicals as shown in ‘
Figure 1. When the connector is uncoupled, all of the back-
pack water shall pass through the backpack half as shown in : |
Figure 2. In the uncoupled mode, integral shutoff valves C
shall prevent overboard flow from either half of the connec- ;
tor. A redundant sealing cap shall be provided for the

backpack half of the connector to prevent overboard leakage.

3.1.7.4.2 Coupled Performance

In the coupled mode at a water flow of 109 kg/hr (240 lb/hr),
the delta P between the backpack water in port and the umbil=-
ical water in port shall not exceed 5.2 KPa (.75 psi), and
the delta P between the umbilical water out port and the
backpack water out port shall not exceed 5.2 KPa (.75 psi).
In the coupled mode, the cross leakage between the backpack
in port and backpack out port shall not exceed 2,3 kg/hr

: ; (5 1b/hr) with the backpack inlet port pressurized to 34.5

¥ ' KPa (5 psig). o
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The external leakage shall not exceed .008 cc/min at a-
pressure of 34.5 KPa (5 psig).
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3.1.7.4.3 Uncoupled Performance

3.1.7.4.4

3.2

In the uncoupled mode at a water flow of 1.09 kg/hr (240
1b/hr), the delta P between the backpack water inlet and the
backpack water outlet shall not exceed .54 KPa (.25 psi).

The external leakage of the backpack half without the redun-
dant seating cap shall not exceed .008 cc/min at a pressure
of 34.5 KPa (5 psig).

The external leakage of the vehicle half shall not exceed
.008 cc/min at a pressure of 34.5 KPa (5 psig).

Connecting Force

With the backpack and umbilical halves of the connector
charged to 172.4 KPa (25 psig), the force to connect shall
not exceed 89 newtons (20 lbs).

Useful Life

The useful life shall be a minimum of 100 mission cycles or
15 vears, including up to 25,000 hours of mission related
wet storage. The TCS will meet the requirements of this
spec during its entire useful life. Replacement of limited
life items is permitted during ground check out and mainten-
ance operations during the useful life, but the limited life
items shall be selected to meet the useful life requirements
wherever feasible. Limited life item maintenance will not
be permitted during orbital operations.

Mission Cycle

A mission cycle includes the following operations of an
EVLSS with the TCS installed: preinstallation check out,
installation in vehicle, launch, orbital operations inclu~
ding up to six EVA cycles, deorbit, landing, removal from
vehicle, and post flight check out and maintenace.

EVA Cycle

An EVA includes the following operations of an EVLSS with
the TCS installed: removal from vehicle stowage, donning,

- pre~-EVA check out, start up, degrees from vehicle, return,

shutdown, doffing, recharge of consumables, and stowage in.
vehicle. There may be as many as 600 EVA cycles during the
useful life of the TCS. ‘

TR,
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3.2.3 Maintenance

" There shall be no maintenance between EVA cycles in a mis-
2 sion other than recharge of expendable water and discharge
a8 of separated water. Ground servicing between missions shall
e be limited to 24 hours maximum, but shall include cleanli-

: ‘ ness verification/cleaning and performance check out as a
minimum. Minimum maintenance and servicing shall be a de-
sign goal while still testing for all potential problems.
Recharge of the TCS shall not require tools.

1
:
3.3 Natural Environments . j
|
|

L The TCS will be packaged for all ground handling, shipping,
. and storage to protect it from the more severe earth envi-
ronments such as rain, hail, sand and dust, etc. The TCS _ X
will be designed to withstand the following environmental ~ |

; requirements:
% Temperature: Transportation -42.78 to 71.119C : é
(-45 to +160°F) : |
Storage -37.22 to 43.339C (-35 to 1100F)
Pressure: 0 to 103.4 KPa (0.0 to 15.0 Psia) |
Humidity: 0-100% R.H. %
Sand and Dust: Per Method SiO Procedure I of MiL;STD-SloB E
Salt ng: Per Method 509 Procedure I of MIL-STD-810B %
Fungus: Per Method 508 Procedure I of MIL-STD-810B %
Acoustic Noise: N/A o :
Gas: Sea Level Ambient to 95 + 5% by Weight o

Pure Oxygen

The énvironmental requirements are not imposed on the proto-
type TCS construction but must be met in the design of pro-
duction TCS's. The differences between the prototype TCS
and the production design shall be analyzed and reported.
If production design is questionable in meeting any of the
requirements, the prototype TCS shall be constructed such

. that tests can be performed to verify conformance to the

requirement.
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3.4
3-4'1

3.4.1.1

3.4.1.2

3.4.1.3

3.4.1.4

Ve eoL0cEs «

Induced Environments

Operating Fluids

Ligquid Cooling Loop

The water in the liguid cooling loop will be per MSC Spec
SD-W-0020, saturated with nitrogen and may include a bac-
tericide. Depending on the TCS configuration, the liguid
cooling loop could also contain some separated water.

Oxygen Loop

The oxygen loop operating fluid will be oxygen containing
water vapor, carbon dioxide, and conductive and corrosive
salts produced by the human body.

Separated Water

The separated water will come from the oxygen loop and may
contain conductive and corrosive salts. It will be satur-
ated with gas.

Expendable Water

Expendable water obtained from the vehicle will be per MsC
Spec SD-W-0020, except total solids shall be 3.5 mm/liter

maximum and may be saturated with N and may contain Hp at

a partial pressure of 3.33 KPa (25 mm Hg) and may include a
bactericide. Depending or TCS configuration, the separated.
water may also be used as an expendable.

Environments

The TCS shall withstand the following environments induced
by the spacecraft:

Temperature: 1.67 to 37.780C (35 to 100°F)

Pressure: 0 to 103.4 KPa (0.0 to 15.0 Psia)
Humidity: 0 to 100% R.H.

Gravity: : 0.0 to l.OUG?s

Vibration: : kLift—off, transonic and g max - Accelera-

tion spectrial density increasing at the
rate of +9 dB/octave from 20 to 100 Hz;
steady at 1 g2/Hz to 250; decreasing at the
rate of -6 dB/octave from 250 to 2,000 Hgz.
The vibration occurs for a duration of 70
seconds per flight. ‘

A-10
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mmm
| 3.4.2 (Continued)
ﬂ Impact Shock: Normal leading 3.3 g saw tooth pulse with
it a rise time of 10 to 1l milliseconds and
i a decay time of 0 to 1 millisecond.
i Crash 20 g saw tooth pulse with a rise time
i of 10 to 11 milliseconds and a decay time
? of 0 to 1 millisecond. Unit need not oper-
ate subsequently.
Acceleration: + 3 g's maximum

The environmental requirements are not imposed on the proto-
type TCS construction but must be met in the design of pro-
duction TCS's. The differences between the prototype TCS
and the production design shall be analyzed and reported.

If production design is questionable in meeting any of the
requirements, the prototype TCS shall be constructed such
that tests can be performed to verify conformance to the
requirement.

L . Desigr

| 3.5 esign

: 3.5.1 Structural Requirement
3.5.1.1 Proof Pressure

NOTE: The proof pressure shall be 1.5 times the maximum
operating or relief valve pressure and shall be held for
a minimum of five minutes.

3.5.1.1.1 Oxygen Loop

The oxygen loop shall be capable of operating within the
requirements of this specification after being subjected
to 41.3 KPa (6.0 psig) for five minutes.

%; 3.5.1.1.2 Expendable Water Circuit

, The expendable water circuit, with the water shutoff valve

; closed, shall be capable of operating within the require-

; ments of this specification after being subjected to TBD KPa
(TBD psig), upstream of the shutoff valve for five minutes.

The expendable water circuit loop, with the water shutoff
, valve open, shall be capable of operating within the require-
. ments of this specification after being subjected to TBD KPa
(TBD psig) for five minutes.

- A-1l1
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"3.5.1.1.3

3.5.1.1.4

3.5.1.2
3.5.1.2.1

3.5.1.2.2

3.5.1.2.3

3.5.1.2.4

Water Separator Drain Loop

The water separator drain loop, with the water shutoff valve
closed, shall be capable of operating within the require-

ments of this specification after being subjected to TBD KPa
(TBD psig), downstream of the shutoff valve for five minutes.

Liquid Loop

The liquid loop shall be capable of operating within the
requirements of this specification after being subjected
to 620 KPa (90 psig) for five minutes.

Burst Pressure

Oxygen Loop

NOTE: The burst pressure shall be 2.0 times the maximum
operating or relief valve pressure and shall be held for
a minimum of five minutes. The oxygen loops shall not
rupture but may permanently deform when subjected to 55.1
KPa (8.0 psig).

Expendable Water Circuit

The expendable water circuit, with the water shutoff valve
closed, shall not rupture but may permanently deform when
subjected to TBD KPa (TBD psig) upstream of the shutoff
valve.

The expendable water circuit, with the water shutoff valve
open, shall not rupture but may permanently deform when
subjected to TBD KPa (TBD psig).

Water Separator Drain Loop

The water separator drain loop, with the water shutoff valve
closed, shall not rupture but may permanently deform when
subjected to TBD KPa (TBD psig) downstream of the shutoff
valve.

Liquid Loop

The liquid loop shall not rupture but may permanently deform
when subjected to TBD KPa (TBD psigqg). ’
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RERowocmes .

Weight and Volume

The TCS size and weight must be minimized in order to be
part of an extravehicular life support system worn by a
crewman. The size and weight requirements are not imposed
on the prototype TCS but must be met in designing production
or flight TCS's. The differences between the prototype TCS
and the production design shall be analyzed and reported.
If the size and weight are important factors in meeting the
requirements of this SOW, then the prototype TCS shall be
constructed such that tests can be performed to verify con-
formance to the requirements with a system of practical
size.

General Design Requirements
General

The TCS shall meet the applicable requirements of MSCM 8080.

~A-13
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VEOOLOGIES

INTRODUCTION

This renort describes the results of the Thermal Control System
Instrumentation study.

PURPOSE

The purpose of the study was to identify the TCS instrumentation
necessary to furnish caution and warning information for crew
safety and performance monitoring.

CONCLUSIONS AND RECOMMENDATIONS

Tt was concluded that O tank pressure, suit pressure, O3 vent
flow, CO2 partial pressure, transport water temperature, battery
current and battery voltage instrumentation are required to pro-
vide caution and warning information in an EVLSS.

All of this instrumentation, with the exception of the transport
water temperature sensor, would be located outside of the thermal
control subsystem. It is, therefore, recommended that a transport
water temperature sensor be incorporated in the Thermal Control

System.

DISCUSSION

The basic approach utilized for the EVLSS instrumentation study
was to conduct a preliminary FMEA which identified gross failures
and established a preliminary set of backpack instrumentation. A
more detailed FMEA which considered component failure modes was
then conducted to verify the adequacy of the instrumentation. In
addition, a probable operating seguence summary was generated to
establish operational modes for use in the final FMEA. The pre-
liminary FMEA, the final FMEA, and the operating sequence summary
are included as Tables 1, 2, and 3 respectively. The assumed
EVLSS schematic utilized in this study is shown in Figure 1.

The following summarizes the warning instrumentation requirements
identified by the preliminary FMEA study and discusses the fail-
ure mode detection capability of each sensor.

' Gage
Measurement Warning Readout

1) Oz Tank Pressure : . Low Pressure Yes
2) O3 Total Pressure (PGR) ~ Low Pressure Yes
3) 032 Ventilation Flow Rate Low Rate No
4) CO2 Partial Pressure, at Helmet = High Pressure Yes
5) Transport Water Temperature No Yes
6) Battery Current ‘ No Yes
7) Battery Voltage : Low Voltage Yes

B-1
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(Continued)

PGA Pressure

High pressure is not a hazard since the suit relief valve is a
protective device to prevent pressures which immobilize or burst
the suit. A low pressure could be due to a massive 02 leak, or
failed-open relief or purge valve, a fail-closed regulator, or
failed pressure transducer. If it occurs gradually, it can be
compared with the wrist gage, a suit inspection can be made, and
an abort decision might be postponed. If it occurs suddenly, it
calls for immediate abort on purge flow. Warning is required.
Low pressure combined with other symptoms of abnormality must be
handled similarly.

CO2 Partial Pressure

High CO2 level alone may be due to a sensor failure or failure of
absorption. It calls for abort since there may be no other dan-
ger signal from a failure of CO2 absorption. High CO2 partial
pressure due to loss of gas or lack of vent flow would be com-
bined with vent flow, pressure, voltage or current anomalies, and
must also be acted upon immediately.

If possible, it is desirable for a functioning CO2 sensor to dis-
play a different readout than a failed sensor. Since CO2 partial
pressure is normally zero, a failure of the sensor might otherwise
be undetected.

02 Tank Pressure

02 tank pressure and its change are a key to performance to the
TCS and the astronaut. Normally decreasing pressure demonstrates
the integrity of the pressurized system, given a knowledge of the
EVA work level. Observed from time to time as the EVA proceeds,
pressure permits verification that the mission can be carried to
its planned duration. Rapidly decreasing pressure, beyond that
required for the work or stress level of the astronaut, implies
an oxygen leak not yet massive enough to activate the suit pres-
sure alarm. This serves to alert the crew to possible incipient
failure and allows the mission duration to be matched to the
oxygen quantity.

An abnormally high oxygen tank pressure probably represents a
failed transducer. The suit pressure transducer then would be
used to indicate gas supply depletion.

Low oxygen could be due to an oxygen leak or a failed transducer,
and in either case, the action must be to abort on purge flow.
Warning is desirable even though safety is provided by the PGA
low pressure warning. Low pressure combined with other symptoms
must be handled similarly. ~ :
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(Continued)

Water Temperature

Water temperature is not significantly affected by variations in
load since the sublimator is self-regulating, thus, high water
temperature in the transport loop is evidence of a failed porous
plate or exhaustion of transport water and feed water. Water
loss could be:

a) By leak in the feed water system
b) By porous plate breakthrough
c¢) By leak of the transport water

Therefore, if water temperature rises above a normal variation,
preparation should be made to abort - the vent gas and LCG will
soon begin to feel hot, and a small oxygen loss would occur
through the gas separator if transport water is leaking.

Abnormally low temperature of transport water indicates lack of
flow through the LCG for any reason. An accompanying low battery
current may indicate an open electrical circuit or pump inadver-

tently shut off.

1f water flow is lost, the LCG will begin to feel hot, and abort
with purge flow for maximum cooling effect may be desired.

Ventilation Flow Rate

Low ventilation flow implies a failed fan or electronics, an ob-
struction in the loop, or a failed transducer. Since no more
than one minute of stagnation is safe, abort on purge flow is
necessary in the event of low vent flow. The loss of flow would
be accompanied by rapidly rising partial pressure if the CO2 is
measured at the point of inhalation.

Battery Current

Battery current level can be used to establish that all electri-
cal items are operating normally. A current reading outside of
the normal operating band would be warning of an impending anamoly
or that one or more of the devices had not been turned on or had

been inadvertently shut off.

Batﬁery Voltage

Battery voltage should be measured tc ensure the availability of
all instruments and warnings. Either voltage should be monitored
periodically or there should be a separately powered warning sig-
nal for low voltage. Low voltage is cause for abort.

B-3
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(Continued)

The transport water temperature measurement provides advance
warning of failures which will result in the astronaut feeling
hot. Although a failure will become evident by "feeling" alone,
the trend available from the temperature readout permits early
attention and unhurried response. High CO2 level warning could
substitute for low ventilation flow, and low PGA pressure could
substitute for low oxygen tank pressure. This is not recommend-
ed, as the redundant warnings against serious failures increase
the safety.

The symptoms and effects revealed by the FMEA established that
decisions should be based on single symptoms or on multiple symp-
toms if one or more of these call for use of the emergency system
and abort. In a few cases, simple diagnostic actions may be
taken which permit mission continuance as summarized below.

Summary of Crew Actions in Event of Abnormalities

Abnormalities :
(Singly, Or With Others) Action
PCG Pressure - High Monitor
Low Abort
CO2 Partial Pressure - High Abort

Probable sensor failure. Continue
EVA as suit pressure will indicate
when gas supply is depleted.

Low Abort

02 Tank Pressure - High

Ventilation Flow - Low Abort

Water Temperature - High Prepare to abort. ‘
Low Act to prevent freezing of
' sublimator.

Pre egress, check that all items

Battery Current - High :
turned on. EVA, monitor or abort.

Low Diagnose
Battery Voltage - High Monitor
‘ Low , Abort
Water or Noxious Gas in Abort
Face Area
B-4
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(Continued)

Initial warnings should be audible warnings since these are im-
mediately perceived by the astronaut no matter where his attention
may be directed. Following the audible warning, audible and/or
visual information and/or corrective instructions should be

relayed to the crewman.

Transport water temperature and battery current do not require
warnings, but provide evidence of normal performance or advance
evidence of a failure. These should also be available as a read-
out of the measured value. This study was based on the premise

of independence of the astronaut on EVA. Therefore, the readouts
should be available directly to him. The presence or absence of
telemetry was not dealt with in this study. However, if it is
decided that the EVA should be monitored from the spacecraft, it
would be recommended that all the measurements have a qgunatitative

readout at the receiving station.

To obtain maximum value from the propesed instrumentation, the
sensors should be located as listed below.

Sensor Location
Suit Pressure : . At the PGA
02 Tank Pressure At the 02 tank outlet

Sampling just upstream of point

CO2 Partial Pressure
S of inhalation in the helmet

Ventilation Flow In vent circuit

Transport Water Temperature At sublimator outlet

Battery Current and Voltage Between battery and distribution
: box

Of these instruments, only the transport water temperature Ssensor
is located in the Thermal Control portion of an EVLSS and, thus,
is the only sensor which is included in the TCS.
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Failure Mode

LiOH Dusting

Smoke, smell,

~yomit, water

globules in gas
stream, etc.

High suit

Pressure

Water in gas
stream

Fan/Separator
motor fails

‘Loss of both gas

and water cooling

Feed water bladder
rupture through to

pressurization line

and gas circuit

TABLE 1
PRELIMINARY SYSTEM FMEA

Possible Cause

Crushed LiOH
and/or failure
in nomex filter

From supply
Regulator fails
open

Slurper clogged

Separator stopped

Short circuit

Loss of feedwater
Loss of power
Hx malfunction

Overpressure

How Detected

Oral-Nasel

Irritation

Crew senses

Suit mobility

02 pressure
sensor

‘Visual

Visual

No vent flow
Visor fogging

Gas feels hot.
Suit feels hot.
Water temp. in-
creases. No
vent flow:

Visual

R N I P P S AT D L TP

How Counteracted

Abort on purge flow.

Abort on purge flow.

Shut off
emer.

02. Abort on

Regulated flow.

Abert on purge flow if
amount of moisture is

intolerable.

Shut off separator. Abort
on purge flow.

Shut off fan separator.

Abort on

Abort on

Abort on

purge flow.

purge flow.

purge flow.

a4 ¥ QUVGNVLS NOTWHVH

"t




o
s
~

Failure Mode

Water too cold

Fill and drain
couplings. Won't

couple or uncouple.

Loss of power
Loss of 02
Excess use of

power

Loss of transport

‘water followed by

loss of feed
water

‘Lack of transport
water flow

TABLE 1
(Continued)

Possible Cause

TCV valve seizes

Distorted or
contaminated

Leak
Electrical short

Leak or double
failure of subli-
mator or break-
through and fail-
ure of check valve

Pump failed

Loop clogged

Loss of pressure
(cavitation)
check valve

- failed closed

" Suit hot.

How Detected

Crew observation

Crew observation

Battery current
and voltage

02 tank pressure
rate of decrease

Battery current
and voltage

Visual
Suit feeli hot.

Suit hot. Water
temperature low.

Water
temperature low.

Suit hot. Water
temperature low.

How

Counteracted

Same as above or shut off
pump intermittently.

Cannot use EVLSS.

Abort on

Abort on

purge flow.

regulated flow.

pwmm%;§lﬂl‘ﬂﬂﬂﬂﬂilﬂlﬁ“ﬂ“ﬂﬂ
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Monitor and shorten mission.

Abort on

Abort on
Shut off

Abort on
Shut off

Abort on

purge flow.

regulated flow.
pump.

regulated flow.
pump.

regulated flow




Failure Mode

Water too hot

TABLE 1
(Continued)

Possible Cause

Loss of feed water

Sublimator
breakthrough

Partially clogged
porous plate

Feed water valve
won't open

TCV valve seizes

How Detected

Crew observation

Crew observation
or no drop in
water temp.

Cannot adjust
temperature to
comfort level.

s R e e st

How Counteracted

Abort on purge flow.

Do not initiate EVA.

A
puwsia 7S GUVANVAS NOLHINVH

"

Abort on purge flow if too
distressing.
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ICS DETAILED FMEA Page 1 of 20 ;

Effects
02 Tank
Press. Vent - COg HaO Batt, Batt.
Hi Use PGA Press. Flow  Press. Temp. <Current Volts
or Lo —_—— ——— Other Symptoms
Ttem Name and Failure Mode Use Press. Hi Lo 1o Hi Hi Lo Hi Lo Lo and/or Ef ‘ets Time to Emerg. Level Corrective Actions
, Sult Oullét Oy Connector '
o Won't connect, due to dis- Crew Observation NA None, unless crew can straighten or free the
w tortion or contamination. conneéctor. TCS of no further use until
s repaired.
Won'!t disconnect Crew Observation NA Must leave TCS coupled to suit,
E Leaks When Uncoupled No Effect No Eifect
g Lonks When Coupled Xo Xa Depends on note Abort on_regulated flow
Suit Inlet O, Connector Same as Above Same anglysis as above
o ‘
B LCd Connector
m Won't connect due to dis- Crew Observation NA None, unless crew can straighten or free the
E tortion or contamination Cannot use TCS connector. TCS of no_further use until repaired.
Won't disconnect Crew Observation NA Must leave TCS coupled to suit,
. . Leaks when uncoupled Free water in Cabip NA Cap, or tape the connector,
3 w Leaks when coupled X Gas and suit feel hot-unless  Five minutes after Abort on purge flow. Note that the tank bladders
3 L : it seals with an ice dam. feeling hot. prevent loss of Op at tanks after exhaustion of
F =3 R water. However, Og would back flow through gas
o separator. Gas separator valve should be closed. :
|
Vehicle Unibtlfcal Connector !
i
Won't connect due to dis- . Crew Observation NA Operate without vehicle umbilical.(Less !
tortion or contamination. comfortable)
Won't discohnect Crew Observation NA Further EVA depends on redundancy of vehicle
. umbilical and PLSS imits.
‘Leaks when uncoupled X Gas and LCG feel hot, Five minutes {Sce Abort on purge flow.
: unless 1t seals with an remarks)
ice dam.
Leaks when coupled,
{ncluding adjacent lines
a. External Crew observation when NA Recharge and start up without vehiele umbilical
b, Tnternal X Decreased flow rate in NA Start up without vehicle umbilical.
TCS
Battery Cotinector !
Won't connect or disconnect Crew observation NA TCS of no further use. In the ¢ase of "won't j
disconnect!”the TCS could be used if battexy
can be charged "in place" ;
*Subscripts indicate order of appearance ¢f symptoms . ‘
[N POPS.
1
7 , + &

SR o




Name and Failure Mode

TCS DETAILED FMEA (Cont'd)

! Ttem
Battery Connector - (Cont'd)

Short Circuit

Effects
23 Tank
Press.. Vent . COp H0 Batt,  Batt.
Hi Use PGA Press. Flow Press. Temp. Current - Volts
or Lo —— e
Use Press. JHt Lo Ieo Hi Hi Io H Lo _Iio
X3 Xa
X

Other Symptoms
and/or Effects

‘lime to Emerg. Level

Pige 2 of 20

Corrective Actions

One Minute after Fan
Stops

Scrub or abort tcission whenever low voltage
is detected.

Open Clreuit

One Minute after Fan
Stops

Scrub or abort mission whenever low voltage
is detected. An open circuit which disables an
instrument will be considered under the

__instrument entry in this analysis.

Dump Valve, O

‘Won't open, due to contamina~
tion, seat swelling or the like

Crew observation

NA

May be able to relieve gas by depressing
the Og coupling poppet at a suit-to-TCS
coupling. 1f not, TCS cannot be charged

fully, Mission would be shortened. )

Loy : Won't close

Crew observation

NA

May provide a cap for the valve outflow,
ugeful for cleanliness purposes as well.

Leaks (small leak), seat,
stem, or housing.

I8

Mission would be
shortened.

When pressure drops
to 20,7 KPa (3.0 psi)

Note: If there is a cap, the valve failure
would have no effect, *v.less it is a stem

or housing leak.

“Femperature Control
Valvé TCV

LA AZHE 3L SRR

Won't shift due to
contamination.

Crew observation. Lossof
ability to adiust cooling.

NA

None., Abort if discomfort is excessive.

Internal leak diue to seal
deterioration.

Crew observation that
range of adjustment of
temperature is-lost on one
end of the band.

NA

None

External leak, stem, or
housing.

Gas and LCG feel hot,
unless leak seals with an
ice dam,

Five Minutes

Abort on pitrge flow

Feedwater Valve

! ‘ Woa't open, due: to coota~
B iR mination, seat swelling,
: or the like.

Crew observation

Five Minutes

Scrub mission

Won't close

Crew observation, Inability
to charge the TCS with
water without loss of
water through sublimator.

Scrub mission. TCS of no further use until
repaired. However, see remarks below, for
valve between tanks failing to close.

|
|
|

Ly T IR T

SC T ——

T‘Ww‘m




Item

[A Sl

Page 3 of 20
TCS DETAILED FMEA (Cont'd)
Effects
Oz Tank g
Press. Vent COs H20 Batt. Batt.
Hi Use PGA Press. Flow Press. Temp. Current Volts
or lo —n —— Other Symptoms
Name and Failure Mode Use Press. Hi . 1o _Lo, Ht Hi To Hi Lo _Lo and/or Effects Time to Emerg. Level Corrective Actions
“Feedwater Valve (Cont'd)

Leaks internally due to seéal Crew observation of water Continue the EVA mission, but shorten it

deterioration, escaping through the to account for loss of water,
porous plate,

Leaks externally {upstream Crew observation pre-egress Same as above

leak).. X During EVA this may go 5 Minutes Abort on purge flow,
unnoticed until water is
prematurely exhausted and gas
jrag and LCG feel hot.

Downstream leak X Gas and LCG feel hot. 5 Minutes Abort on purge flow.

Yalve Between Water Tanks,

‘Won't close (for charging Crew observation. If NA Scrub mission, unless tests have previously

phase). ‘charged without closing, demonstrated the tolerance of the sublimator
sublimator may be over— to pverstresses of the intensity involved.
stressed on opening feed~
water valve,

Wan't open Crew observation. No NA Serub mission. TCS of no further use
cooling can be obtained until repaired.
from the TCS.

Leaks internally due to If the léak is significant, NA Scrub mission, unless tests have previously

geal deterioration. the porous plate would demonstrated the tolerance of the sublimator
bireak through upon to overstress of the intensl+ involved.
opening b2 feedwater
valve, and be observed.

The porous plate may be
overstressed by the
pressure of the water,

Lezks externally Crew observation when NA Scrub or shorten mission.

{upstream leak), charging.

(Downstream leak} Crew observation when NA or § Minutes 1f detected, coatinue the mission, but shorten
valve is opened at con~ it to account for loss of water, Ifnot detected,
clusion of charging. If abort on purge flow when temperatures rise.

X not noticed then, it would

be detected when gas and
LCG feel hot,

T N

A
3
}
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Effects |
Os Tank
Press, Vent . COy Ha0 Batt. Batt. -
Hi Use PGA Press. Flow Press. Temp. Curreat Volts
or Lo ——— ————— Other Symptoms

Hi Lo Hi Io _Io and/or Effects Corrective Actions

Time to Emerg. Level

“ Ite __Name and Failure Mode

Use Press. Hi 1o _Lo Hi

o
-

o
W

Gas Separator Valve

Won't close

Crew observation when
attempting to close prior to
charging the TCS with water.
‘Effect would be to flood the
alr circuit with water

during filling, which would
be blown into the helmet
area before the fan/sep.
could pump it out.

Scrub mission. TCS of no further use until
repaired.

Won't open

Crew observation when
attempting to open during
a startup. Effect would be
possible pump cavitation
and loss of liquid flow.

NA

Scrub mission. TCS of no further use urtil
répaired.

Leaks lntem:my‘

The effect would be to flood
the air circuit with water
which would be blown into
the helmet area before the
fan /separator could pump
it out. However, this
should occur prior to
donning the helmet, and
thus ‘would nof pose a
hazard of water ingestion.

NA

If the flow of water globules subsides, as it
should whes the feedwater pressure rapidly
subsides to Op loop pressure, the mission
may be undertaken.

Leaks externally

(upstream leak)

X3 X3

X4 X

Crew observation of water
leak. Ifnotnoticed, it
would be detected later as
a pressure decay, after
the valve is opened and
the helmet is douned.

NA or 5 minutes

Scrub mission. TCS of no further use until
repaired. I not detected, abort on
regulated flow when temperatures rise,

(downstream. leak
before opening valve)

Undetectable loss of Oy

NA

(leak after opening)

Xsg X3

X4 X1

Mission would be
shortened,

When pressure drops
i 20. 7 KPa(3.0 psi).

Abort on regulated flaw,

Fill Connector and Cap

Won't connect, due to
distortion or contami~
nation

Crew observation

NA

TCS of no further use until repaired, since
the fill and drain connectors are not inter-
changeable. If the distortion has occurred
on the vekicle, further EVA depends on
redundancy oi vehicle fll connector.

|
|

e
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Vent COp Hy0 Batt. Batt.
PGA Press. Flow Press. Temp. Current Volts
or Lo Bt I i B Other Symptous.
_Name and Failure Mode Use Press.  Hi Lo _Lo Hi Hi Lo Hi Io Lo and/or Effects Time to Emerg. Level Corrective Actions
Fill Connector and Cap (Cont'd)
Won't disconnect, due to Crew observation NA Further EVA depends on redundancy of vehicle
jamming’ fill connector and PLSS.
Leaks when connected Crew observation Disconnect and reconnect to artempt to flush
connector. If leak persists, continue charging
. unless leak cannot be mopped up.
Leaks when disconnected, X Crew observation. If not Five minutes after The cap provides a redundant seal. Thus,
TCS half. noticed it would be datected feeling hot. there would be no problem unless a double
when gas and LCG feel hot, failure occurred.
unless leak seals with'an
ice dam.
Drain Connector and Cap
‘Won't connect, due to Crew observation NA TCS of no further use until repaired, since the
distortion or contamination fill and drain connectors are not interchangeable.
If the distortion has occurred on the vehicle
half, further EVA depends on redundancy of
vehicle drain connector.
Won't disconnect, due to Crew observation NA Further EVA depends on redundancy of
jamming vehicle drain connector and PLSS.
Leaks when connected Crew observation. Loss NA If the water can successfully be mopped up,
of a certain amount of the EVA mission can be continued.
water into the airlock.
Leaks when disconnected, X Crew observation. If not Five minites The cap provides a redundant seal. Thus

TCS half

noticed, then it would be
detected when gas and
LCG feel hot, unless leak
seals with an ice dam,

there would be no problem unless a double
failure occurred.

Instrument Electrical

Counector

Cannot connect to RCU, Crew observation upon NA TCS and/or RCU cannot be used until repair
donning backpack. is accomplished.

Cannot disconnect from Crew observation upon NA Must leave backpack coupled te RCU.

RCU

doffing backpack.

Note: The design may include suificient
integration to eliminate this failure mode.
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Og Tank
Press. ‘Vent COy HaO Batt. Batt.
Hi Use PGA Press. Flow Press. Temp. Current Volts
orlo mmmmlmmemem mmenmmmmme ] ——eeme ) ——mmee— mm—ee Other Symptoms
Name and Failure Mode Use Press. = Hi Lo Lo Hi Hi Lo Hi Yo _ILo and/or Effects Time to Emerg. Level Corrective Actions
Instrument Electrical
Ccnnector (Cont'd) -
Short circuit, pin to pin or X X2 One or more instruments will See corrective action If a warning is caused, the indicated abort
open circuit saturate to high or low action must be taken if the failure occurs
. readout, depending on the while on EVA, or scrub action if pre-egress
circuits. * Battery will be on EVA. TCS and/or RCU of no further use
discharged prematurely. until repaired.
If a warning is not caused, but measurements
are abnormal, the action would be based on the
apparent abnormality unless a saturated
instrument is outside of all possible failure
conditions. If the instrument failure is
isolatable based on the type of readout, a
decision will be made on further action.
Fan/Separator Switch
Won't turn-on X X By observation of switch, NA since it is Scrub the EVA. TCS of no further use until
or crew detects lack of detected prior to repair is accomplished.
feeling or ventilation flow donning helmet.
and lack of hum of the fan,
also.
Won't turn off X By observation of switch, NA Shut off by disconnecting the battery connector.
' or.crew continues to feel Can use the TCS (in degraded condition) by
flow and hear the fan after use of battery connector as substitule or fan
switching, switch.
Tums off inadvertently X X X By observation of visor One minute after Turn switch on'if possible. If not, abort on
fogging, Feel lack ox fan stops purge flow.
ventilation.
Switch at battery Shock felt, if switch touched Immediate TCS not to be used until repair accomplished.
potential with bare hands before
; donning gloves.
Pump Switch *
Wor 't tum on. X X By observation of switch, NA since it is Scrub the EVA. TCS of no further use until

or ¢rew doesn't feel the
expected cooling.

detected before
being committed
to EVA.

repair is accomplished.

-
K

RS
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Corrective Actions

NA Shut off by disconnecting the battery connector.
Can use the TCS (in degraded condltion) by
use of battery connector as substitute for

pump switch.

Turn switch on if possible. If not, abort if
bodv temperature rises.

TCS not to be used until repair accomplished.

Mounts are redundant. Three out of four are
sufficient to hold the unit in place.

When pressure drops Abort on regulated flow. Flight design may

Oy Tank )
Press.. : Vent COg  Hz0 Batt.. = Batt.
Hi Use PGA Press. Flow ' Press, Temp. Current Volts
. orlo meme | wmmmmm Cmmmsie mmee—oe e Other Symptcms
Item - Name and Failure Mode Use Press. . Hi 1o, Lo Hi Hi Lo Hi _lo io and/or Effects Time to Emerg. Level
Pump Switch {Cont'd)
'Won't turn off p.¢ X By observation of switch, or
crew continues to hear pump.
Turmns off inadvertently X X Suit feels hot 20-30 minutes
Switch at battery potential Shock felt, if switch touched Immediate
with bare hands before
donning gloves,
Fan Separator
Mounts break
- Seals fails, separator to Xy Xy X3
! volute or volute to motor. - to 20.7 KPa(3.0psi). have redundant sealing.
Seals fails, separator x Gas and LCG feel hot when Five miinutes after

water outlet

9T-4

water is exhausted pre-
maturely.

The . 4Kg(. 9%)of sepaxator waier adds to the 3.2Kg
{7.1#)minimum to be charged into the Shuttle back-
pack, to provide a 4 hr. mission. Note,however,

that the development TCS holds 3.8Kg(8. 3#) of water.
1t is considered unlikely that the leak

cause freezing of the separator outlet.

feeling hot.

Separator rotor loosens
die to nut loosening.

The rotor stops turning, the
motor may be jammed. The
slurper water is fed back into
the gas stream, and carries
over into the helmet area
occurs. Fan may stop
causing vent flow and COp
sensors to react.

Moisture can be felt = Abort on purge flow.
as it gradually
becomes worse.

Separator rotor insert
loosens

Rotor could be jammed
against stator. Slurper
water would then be fed
back into the air stream
and earry over into the
helmet area would occur.
Fan may stop causing Gz
and vent flow sengiys 10
react.

Abort on purge flow. Note that there normally
is no water at the outer slinger disc.

Same as above

SR I T
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02 Tank .
Press. Vent = COy HzO Batt. Batt.
Hi Use PGA Press. Flow. Press.  Temp. Current Volts
. orlo = emmem—soos ——— - Other Syrmptoms
: Hem Name and Failure Mode Use Press. HL 1o Lo Hi Hi Lo BEi lo _lo and/or Effects Time to Emerg. Level Corrective Actions
: Fan Separator (Cont'd}
I : ' Pitot clogs Water carryover. Slurper ‘Moisture can be felt Abort on purge flow. Note: Redundant pitcts
Ej water is fed back into the air  as it gradually will be considered for the flight design.
} stream and carry over into becomes worse.
| the helmet area occurs,
Separator central stator X X It may rub against the rotor Depends on rate of Abort on purge flow.
loosens and slow the speed of the unit, increase of CO2
causing lower gas flow and partial pressure.
water carryover,
Separator :rotor fracture. X X Pieces could jam the unit, One minute after Abort on purge flow upon warning. Note:
; ) causing loss of gas flow. loss of gas flow. Containment analysis or test must be carried
: out to prove that the case wiil not be punctured.
Critical speed analysis is needed to ensure that
the =otating elements cannot come into vibratory
resonance.
Fan {mpeller fracture X X Loss of gas flow. Same as above. Same as above. Note: Motor speed is 1790 radfec
¢ ) {17,700 RPM). Calculated burst speed is greater
than 10,470 rad/sec(100,000 RPM.
b Fan impeller loosens, due to X X Decrease or loss of gas flow. Same as above. Same as shove.
i nut loosening
~ Fan impeller rubs Impeller is sufficiently rigid not to deflect, Axial
. clearance is 2.58x10~6m to 5.x10~5ma(0. 004" to
0. 008"). Radizal ¢learance is 1,9x107°m (0. 003").
S Motor to volute bolts looszn The connection is pinned to preserve alignment.
: ’ The bolts are multiply redundant.
Motor cover plate loosens, X X Decrease or loss of flow due Same ag above. Abort on purge flow.
if screws loosen. to moving parts being
jammed against
5 stationary.
Motor bearing wear, due to X X X Speed of the unit slowed, Depends o= rate of Abort on purge flow.
faulty lubrication or causing lower axis flow increase of COp
exhaustion of grease. and water carryover. partial pressure.
! Motor bearing seizes. X X X Loss of gas flow. Onie minute after Abort on purge flow.
B ) loss of gas flow.
Lubricant vapor in air Rate of vaporization i5s minute.
stream.
Motor bearing preload No effect. Unit is shimmed
; spring breaks or spring so that Tubbing cannot occur,
slide jams. while still allowing for
thermal expansion.
X X Yoss of gas flow. One minute after Abort on purge flow. Probability very small

Motor shaft bredks

loss of gas flow.

due to steady state strength margin. Analysis
or test must be done for resonances.

eI

,,m
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02 Tank
Press. Vent . COp - HyO  Batt.  Batt.
Hi Use PGA Press. Flow Press. Temp. Current Volts
or Lo - e T Other Symptoms
Name and Failure Mode Use Press. Hi Lo Lo Hi Hi Lo Hi Lo _lo_ and/or Effects Time to Emerg. Level Corrective Actious
‘Fan Separator {Cont'd)
Permanent magnets come X X Motor probably will become One minute after loss  Abort on purge flow.
loose from rotor locked. Loss of air flow. of gas flow.
The cut-off will turn off
: power.
Short or open in motor X One minute after loss - Abort on purge flow.
windings. of gas flow.
Short or open in hall-effects X Motor will operate on one One minute after loss  Abort on purge flow.
Hensors of the two phases. Speed will  of gas flow.
decrease and current will
increase. Decrease or loss
of air flow.
somsor plates loosen and move X X X If the plates loosen, they One minute after loss  Abort on purge How.
out-of-adjustmeiit. probably will move enough so.  of gas flow.
that speed dec¢reases. There
would then be loss of gas
: flow.
Motor nut loosens and No effect. The bearing
backs off, will maintain the shaft in
position.  The direction of
motion will tend to retighten
the nut if it backs oif enough
to touch the housing,
Armature (statory members X X X Motor probably will become One minute after loss  Abort on purge flow.
loosen, locked. Loss of gas flow. of gas flow.
Rotor jams against armature, X X X Motor will be locked. Loss One minute after loss  Abort on purge flow.
due to contamination. of gas flow. The cut-off will  of gas flow.
tum off power.
Motor cooling cavity leak X Loss of water. Gas and LCG  Five minutes after Abort on purge flow.

{external).

become hot after feedwater
is exhausted through the leak.

LIQH Canister.

latch,

feeling hot,

Cover won't opén, or won't Crew observation when NA TCS of no further use until repair
charging. accomplished,
Canister jammed in canister Same as above. RA Same as above.

due to swelling or contami-
nation.
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Oy Tank
Press. Vent COg Hy0 Batt, Batt.
Hi Use PGA Press. Flow Press. Temp. Current Volts
: or Lo ——— ———— Other Symptoms
L Item* ' __Nameand Failure Mode Use Press. Hi Io 1o _HL Hi Lo Hi ILo Io and/or Effects Time to Emerg. Level Corrective Actions
Dusts, due to faulty filter Oral nasal irritation. No emerg, limit Abort on purge flow.
and exceseive powdering of
LiOH.
‘Prematurely exhausted due X One minute after Abort on purge flow.
to previous use or exposure exhaustion of canister;
of canister. but CO2 PP will rise
before complete
exhaustion.
8 Internal leak No effect unléss severe. NA Abort on purge flow.
2 If severe COg level will
[ climb.
: Bed channels X COg level will climb. Gradual rise of Abort ‘on purge flow
COp PP,
| Wet canister due to None. Canister will absorb NA None required
! respiration or perspiration. moisture early in mission
¢ . and evaporate it later as heat
: . is developed.
) Coatamitated by vomit, X X One minute after flow  Abort on purge fow.
EHU . is clogged.
b External leak of canister Xy Xy X3 No other symptoms. ‘When pressure drops Abort on regulated flow.
or adjacent lines, 10 20.7 KPa (3.0 psi).
Mounts break due to X X Note: Design and development testing should
vibrution. be such that this failure mode has insignificant
X probability. If it did occur, oxygen integrity
might be lost. Low oxygen wamings would
B ledd t6 abort.
Sublimator and Slurper
Parous plate clogs with X Gas and LCG feel hot. Five minutes after Abort op purge flow. Note: The temperatures
contaminant or corrodent. feeling hot. at the sublimator outlet would increase
: ) gradually over many missions before the
plate became fully clogged.
Porous plate fracture due X Gas and LCG feel hot Five minutes. Abort on purge flow.
to overstress cycles, after feedwater is exhausted
) through the leak.
- Porous plate breakthrough; X Gas and LCG feel hot. Five minutes. May be possible to shut off and restart the

due to overpressure,
theérmal Qve}'load or
deteriorited plate.

sublimator. OQtherwise, abort ou purge flow,

=nTl
1

|
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02‘ Tank
Press. Vent CO2 H20 Batt. Batt.
Hi Use PGA Press. Flow Press.’ Temp. Current Volts
or Lo | memmmesen I N e e e Other Symptoms
Item Name and Fallure Mode Use Press. Hi Lo, Io_ _H Hi Io H lo _Io and/or Effects Time to Emerg. Level Corrective Actions
Sublimator and Slurper
(Cont'd)
Feedwater leak, external . X Gas and LCG feel hot after Five minutes Abort on purge flow.
(sublimator or adjacent feédwater is exhausted through
I lines). . . the leak.
5 Gas leak, external (subli~ Xy Xo Xg Effect on ventilation flow When pressure drops Abort on regulated flow,
i - mator or adjacent duct depends on size of leak and to 20.7KPa(3. 0 psij.
Including slurper water location of vent flow sensor.
; outlet)
1Leak, trangport water No effect
to feedwater :
Leak, fransport water If the Jeak is small, the Gradual If distressing, abort on purge fow. The leak
to pag olrcull slurper may collect the water. rate could be reduced ux stopped by shutting
: If not, there will be water off the pump, sacrificing the LCG. Design
carryover to the helmet area, precludes this failure mode.
detected by seeing droplets
w . . on visor.
5 Slurper holes plug Water carryover to the Gradual Abort on purge flow.
=] : helmet area detected by
" seeing droplets on visor.
Slurper bypasses Decreased ventilation flow Not critical Note: Anormal metabolic loads, flow is
exceasive air to helmet, but not critical. sufficient ip helmet even if slurper were dry
1.8x 109m3/sec (3.0 cfm) .
Slurper loss of hydrophilic Water earryaver to helmet Gradus) Abort on purge fow.
coating area detected by seeing
. droplets on visor,
& “Mounts break due to Xy, X2 Xq ‘When pressure drops. Note: Design and development testing should
i vibration ta 20. KPa 3. 6 psi) be such that this failure mode has insignificant
probability. I it did oecur, Oz and H3O
external leakage might follow Tequiring abort
- i on purge flow.
Leak, transport whter, E X Gas and LCG feel hot, Five minutes after Abort on purge Qow.
exterminl (gublimator ot unless leak seals with an feeling hot.
i ‘ddiacent Unes) ice dam.
Qs Lins from Tank to TCS
External leak Xy Xa X3 When pressure drops Abort on regulated flow.

to 20, 7KPz {3. 0 psi).
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Qp Tank

Press. Vent co, HpO Batt. Batt.

Hi Use PGA Press, Flow Press. Temp. Current Volts

or Lo - ——— ————— Other Symptoms

Name and Fajlure Mode Use Press. Hi Lo 1o Hi_ Hi Lo Hi Lo 1o and/or Effects Time to Emerg. Level Corrective Actions
Water Reservolr and Bladder
Tank Oy leak or line Oy leak p.< Xy Xgq When pressure dropsto Abort on regulated flow
] ’ ‘ 20.7 KPa (3.0 psi). ,
Tank H,O leak or adjacent X Gas and LCG feel hot after Five minutes after Abort on purge flow
line Hz0O leak feedwater is exhausted through feeling hot
. the leak.

Bladdex lcak

1. durlog charging Floods alr circuit until gas Will be detected Scrub EVA mission. TCS of no further use
pressure reaches water before egress. until repair is accomplished.
charging pressure. Water
would be blown to helmet
area (before donning
helmet) when fan is started.

Bladder may not be fully
extended, and water may
not be available.

b, during EVA X Unavailability of part of the Five minutes after Abort on purge flow. (Not likely, as gas loop
waier. Gas and LCG feel feeling hot. pressure is equal 1o or greater than water
hot after feedwater no pressure)

e longer feeds to sublimalor.
Bladder failure to fill full, X Gas and LCG feel hot when Five minutes after Abort on purge flow
due to sticking or kinking. the water is prematurely feeling hot.
. exhausted,
Gas outlet plugged by Prevented by design.
bladder
Watar freczes Prevented by design, thermal analysis
Qverpregsure Prevented by relief valve
Expansion Tank and Bladder
Tank Op Leak Xy, Xo X3 When pressure drops ~ Abort on regulated fow
to 20, TKPa (3.0 psi).
.4 Alr and LCG feel hot after Five minutes afler Abort on purge flow

Fank HyO leak or leak in
adjacent HpO:line

fecdwater is exhausted
through the leak

feeling hot

EERETPIGTERp ves.
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Name and Fatlure Mode

Expansion Tanic and Bladder
{Cont’d}

Bladder leak during draining
and after opening tank to tank
valve. Also during EVA.

PGA Press. Flow Current  Volts

Other Symptoms
and/or Effects

Time to Emerg. Level

Page 13 of 20

Corrective Actions

No symptoms during draining.
Gould prevent cormplete water
expulsion and allow water to
migrate outside the hladder.
This could result in blowing
water into the oxygen lines
when tank-to-tank valve is
opened after the reservolr

is filled. This water might
be blown into the helmet

area upon starting the fan,

or subsequently, Also, water
trapped-outside the bladder
‘may be unavailable as feed
water. Thus, there may be
two effects. One is premature
water unavailability, and

the other is slugs of water
blown into the helmet area,
The slurper may be

effective in removing

water.

Five minutes after

A transient slug of water to the helmet area
prior to donning the helmet is not a sufficient
evidence, since there are other reasons why
such could happen.

Abort on purge flow

™ot likely as Op pressure always equal to
or greater than HyO pressure)

Bladder fallure to
collapse during
draining

Prevented by design

Bladder fallure to fl,
“diuie to sticking or
kinking

If this were extensive,
sublimator breakthrough
would be observed upon
turning on the sublimator

1f breakthrough occurs, scrub the EVA mission

Water {reezes

Prevented hy design

Overpressure

Provented by relic{ and check valve

Relief Valve and Check
Exparigion Tank)

Fails 1o check

Same analysis as for water valve internal leak

Fails to relleve

This is a very unlikely failure mode and would
represent & second fnilure

R r e FOP
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Name and Failure Made

Og Tank
Press,
Hi Use
or Lo -

Use Press.

HL. Lo Lo _HL_

Rellef Valve and Check
(Expansion Tank) (Cout'd)

External leak

Vent CO,y Hy0 Batt. Batt.
PGA Press. Flow Press. Temp. Current Volts

Hi Lo Hi Lo _Lo

Other Sumptoms
and/or Effects

Time to Emerg. Level

Page 14 of 20

Corrective Actions

Relief Valve and Check
(Main Reservoir)

Fails to reliove

Allows tank and entire water
transport loop to become
overpressurized in event

of temperature increase
after filling, and before
starting the sublimator.

Hours or minutes at
elevated temperature.

The relief valve should be checked for proper
operation before each Shuttle mission. Note:
Resilience of tubing in transport water loop
ig sufficient to absorb a certain amount of
volume increase without dangerous pressure
rise.

Same analvsis as for water valve external leak.

Fails to cﬁeck ‘

No effect

Internal leak at less than
relief pressure of 50 psi.

Crew observation of water
escaping through the porous
plate, prior to egress. If
not noticed then it would be
detected when gas and LCG
feel hot.

Five minutes after
feeling hot.

Continue the EVA mission but shorten it
to account for loss of water.

External loak

4, upstreani of seat

Crew observation before
turning on sublimator. If
not noticed, then it would be
detected when gas and LCG
feel hot, uniess leak seals
with an ice dam.

Five minutes after
feeling hot.

Abort on purge flow

b.  downstream of seat

Crew observation when
sublimator i§ turned on.

If not noticed then, it
‘would be detected when

gas and LCG feel hot unless
leak seals with an ice dam.

Five minutes after
feeling hot.

Abort on purge flow.

P -
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Oy Tank
Press. Vent €O, H,0 Batt. Batt.
Hi Use PGA Press. Flow Press. Teémp. Current Volts
or Lo m——— ———— Other Symptoms
Item Name and Fuilure Mode Use Press.  Hi Lo Lo Hi Hi Lo Hi Is _Lo and/or Effects Time to Emerg. Level Corrective Acticns —

Check Valve (feedwater

replenishment of transport

water)

Falls to open X LCG feels hot due to lack of 20-30 Minutes Abort on regulated flow.
circulation. Gradual loss
of transport water through
the gas separator would
not be replenished and the

. pump would cavitate.

Falls to check No significant effect unlass NA No action necessary for single failure, For
there is a leak in the double failure, which would be signalled
feedwater system, in which by a high use of Oz, abort on purge flow.
case the fluid would also be Oxygen might be conserved by shutting off
lost from the transport the gas separator valve,
loop, and eventually oxygen
would be lost through

& reverse flow in the gas
RS . ] separator,
L External leak X Crew observation when Five minutes after Abort on purge flow.
charging the TCS with water. feeling hot.
If not noticed then it would
be detected when gas and
LCG feel bot.

CGas Separator

Gas breaks through X Pump may cavitate. Loss 20-30 minutes Abort on purge flow (for cooling effect). Note:

screen, Or sereeen of liquid flow. LCG feels The system tolerates a moderate amount of

sealy leak. hot. gas breakthrough, whick can be caught and
L separated in the next ime around the loop.

Screen clogs X X Pump dead ~headed. Loss 20-30 minutes Abort on purge flow {for cooling effect)

of liquid flow. LCG feels
; . hot. . .

Orifices clog X Gas will not be separated. 20-30 minutes Abort on. purge flow (for cooling effect) Note:
Pump may cavitate. Loss There are four orifices, each § x 10~6m {0.013")
of liquid flow. LCG Teels diameter in parallel flow. Only one is required
hot. ) in zero-g.

External leak of X Loss of water. Gas and Five minutes after Abort on paryre flow.

separator or adjacent LCG become hot after feeling hot.

lines. fecdwater is exhausted
through the leak.

T8 e g
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]
Press, Vent COy Hy0 Batt. Batt.
Hi Use PGA Press. Flow Press. Temp. Current Volts
E : or Lo e i e e e Other Symptoms
Ttem Nanie and_ Failure Mode Use Press.  Hi o _Io Hi Hi Lo Hi Yo _Lo and/or Effects Time to Emerg. Level Corrective Actions
Water Pump, Item 13 ‘
£ Inverter failure due to a short, X LCG feels hot Five minutes after Abort on purge flow {fo. ooling effect). b st o
v &n open, unexpected circait feeling hot i
dynamics, or failed |
tlectronie parts or electrical i
tonnectar i
Torqtie motor failure due to X Reduce or stopped flow. LCG  Same as above Same as above :
contamination, electrical feels hot.
open or short, ‘mechanical
failure of armature or :
{orgue tube; or loosening,
An Inlet check valve falls X Flow rate is cut in half. Indefinite May be able to continue mission at reduced
open or closed LCG may feel hot. activity. Otherwise, abort. If body
’ temperature has risen, abort on purge flow -
Otherwise, the abort could be carried out }
: ; on the TZS. . :
'f' An outlet check valve fails X Overpressure could destroy 20-30 minutes Abcrt on purge flow, for additional cooling. : i
e closed the adjacent diaphragm. (or e
: stop the pump). After i
flooding the motor interior, :
the second diaptiragm could
become damaged, causing
loss of flow. LCG feels
hot. e
An outlet check valve fails X Pump flow would 20-30 minutes - Abort on purge flow, for additional cooling. |
apen, : recirculate within the P
' pump, resulting in little
or no output flow. LCG
; ) feels hot.
Diaphragm leaks X The pump continues to Five minutes after Abort on purge flow.
operate. The motor feeitng hot.

cavity (ills with water
and it leaks from the
motor casing, losing S sasns ot i
water. If the leak is
large, the water could

be exhausted prematurely
and the gas and LCG would
feel hot.

n® 400d 40
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02 Tank Vent GO, Hy0 Batt. Batt.
Pressure PGA Press. Flow Press. Temp. Current Volts
—— ——— Other Symptoms
Name and Fallure Mode Hi Lo Hi lo Lo Hi Hi Lo Hi Lo andfor Effects Time to Emerg. Level Corrective Actions

Water Pump Itex 13 (Cont'd)

External leak, pump or X The pump continues to Five minutes after Abort on purge flow

adfacent lines operate. The motor cavity feeling hot.
fills with water and it leaks
from the motor casing
losing water. 1If the leak is
large, the water could be
exhausted prematurely and
the gas and LCG would feel

) hot.

Mounts fail X This could leak to cracked Same as above, Same as above.
tubes and loss of water.
Analysis same as above.

Trapped gas X Decreased flow rate. LCG Indefinite Abort on purge flow, for additional cooling.
may feel hot.

Pump turned off by mistake. X LCG feels hot. About 2 minutes Turn on pump.

0, Pressure Sensor, PGA

Drifts high

The only effect on the system Note: Even if true,the
would be the apparent symp-  suit relief valve should
tom of abnormally high prevent catastrephic
pressure suggesting an Op
regulator failure. If the suit overpressure.
wrist gage indicates normal

pressure and the suit reliel

valve does not open, the

pressure gage would be

suspected of failure.

Since the failure may indicate an inability
of instrumentation to warn of low pressure,
a decision would probably he made to abort.

Drifts low

‘When pressure reaches

Apparent low pressure
20.7 KPa (3.0 psi).

suggesting either a failed
closed regulator br a gross
suit leak.

Abort on purge flow when apparent pressure
reaches a selected low level between 20,7 KPa
(3.0 psi) and 23 KPa (3.5 psi) since 2 true
reading might not allow time for fault isolation.

Zero Qutput

See Corrective Action

The transducer design may be such that zero
pressure produces a sensor putput. In this
case 8 zero output would announce a sensor
or conditioner failure, Otherwise, this case
would be the same as for "drifts low!.

[PENNS——
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09 Tank Vent COp  Hy0 Batt.  Batt.
Pressiié. - PGA Press. Flow Press. Temp. Current Volts
- - : : = Other Syn:ptoms
Item _ __Name and Failure Mode Hi Yo Hi Lo 1o Hi- Hi Lo B Io _Lo and/or Effects Time to Emerg. Level Corrective Actions
; Og Pressure Sensor, PGA
; QCont'd[r
P Full scale output X See corrective action The transducer design may be such that
L . infinite pressure would create a maximum
finitc output. In this case, a full scale output
would announce a sensor or conditioner failure.
Otherwise, this case would be the same as for
"drifts high'.
€O, Sensor
Drifts high o X See Corrective action If the apparent COy partial pressure rises to

15 mm, abort should be initiated, eventhough
:« ’ . this might be a false alarm.
3 Drifts low See Corrective action Ar abnormally low CO; reading in itself
suggests possibility of instrument failure,
depending somewhat on the location of the
sensor. The most important place o measure
CO3 partial pressure is at the point of crew
inhalation. The sensor offers maximum
protection at this point, giving the overall
effect of ventilation and COp abserption.
The response of the instrument may be checked
by shutting off the fan for 30 seconds. If
the apparent COy level rises, the value reached
. could be employed as a new limit. If the
o instrument does not respond, an abort decision
would be made.
Zero output . . ) An abort decision would be made.
Full scale output X Seconds, if value Abort on purge flow.
were true

Lz-8

O3 Tank Pressure Sensor

Drifts high X : Increasing pressure when NA Response if sensor {o decreasing pregsure
' it should be decreasing may be checked by opening the purge valve
suggests failed sensor. briefly. Note: Othér components shield

: the Oy tank and prevent large pressure
; ‘ . increase even though thermal shield is
: .damaged.
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0y Tank Vent CO;  HyO = Batt. Batt,
Pressure - PGA Press. Flow Press. Temp. Current Volts

Other Symptoms

Page 19 of 20

failed fan or clogged loop.

Name and Failure Mode Hi - Lo Hi Lo Lo : Hi Hi Lo Hi lo Lo and/or Effects Time to Emerg. Level Corrective Actions
O, Tank Pregsure Sensor
(Cont'd) :
Drifts high (Cont'd) A gadualt drift not quite off~ When PGA pressure Abort on purge flow. Mission should receive
: Sgeégﬁé ggﬁgi‘éﬁ?g?ﬂ“&z is down t020.7 KPa intensive monitoring if extended beyond
. exhaustion without detection (8- 0 psi). expected Oy supply period.
until PGA pressure began to
be involved. However, this
/ would require double failure.
Drifts low X Falsely indicates higher If a true value, when Abort on purge flow.
than normal rate of O, PGZA pressure is down
usage. suggesting a leak. to 20.7 KPa(3. 0 psi).
Zero output Falsely suggests massive Same as for O, pressure sensor, PGA.
loss of Oo.
Full scale output . Falsely indicates extreme Same as for O, pressure sensor, PGA or
. pressure increase. same as for “'drifts high".
O Ventilation Flow Sensor
- Drifts high Depending on location of If value were tnie, Abort on purge flow.
- sensor, a high reading time could be
could falsely indicate an in seconds.
external leak.
Drifts low X Falsely suggests a If value were true, Abort on purge flow.
failure of air circulation. may be less than
one minute,
Zero output X This falsely suggests Same as above. Same as for Og pressure sensor, PGA. If zero

output can possibly mean zero flow, abort on
purge flow.

Full 'scale output

This falsely suggests a
massive external leak.

If value were true,
seconds,

Abort on purge flow.

H,0 Temperature Sensor
Drifts high

This falsely suggests
failure of sublimator,
due to lack of water,etc.

Indefinite

The temperature sensor normally supplies
advance warning of exhaustion of feedwater
before the L.CG and gas feels hot to the astronaut.
Either an abort can be initiated or a watching
period entered to determine if the high
temperature becomes "real''.

i
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O, Tank g Vent COy Hp0 Batt. Batt.
Pressure PGA Press.. Flow Press. Temp. Current Volts
- ——— Other Symptoms
Name and Failure Mode Hi Lo Hi Lo Lo Hi Hi Lo Hi Lo _Ilo and/or Effects Time to Emerg, Level Corrective Actions
H20 Temperature Sensor
{Cont'd) :
Drifts Iow b.4 This falsely suggests lack Indefinite The mission may continue under more frequent
of transport water flow. monitoring.
In start-up it could indicate
sublimator action when
: none had occurred.
Zero Output X See corrective action Same as for Oy pressure sensor, PGA,
or if zero output can possibly mean extremely
low temperature, the mission could continue
with minute-to-minute monitoring until the
. . instrument failure was evident.
Full scale output X See corrective action Same as for Oy pressure sensor, PGA or.
same as for "'drifts high".
Battery Current Sensor
One of the two resistance X Apparent doubling of normal Indefinite Monitor voltage as a function of time. If
elements fails "open’, current, while voltage voltage trice behaves normally, the failure
remains normal. of the current sensor would be indicated. Note
that if both resistance elements open, a
complete loss of power would occur. Current
would go to zero, while voltage remained high.
Wamings would be deactivated. High voltage
and "no~current" should thus be arranged to
cause a warning, as well as_low voltage alone.
One of the resistance X Apparent low current while NA Increase frequency of monitoring, and prepare
elements shorts to the other, voltage and other functions for abort if any evidence of performance loss
are normal. appears.
Voltage Sensor .
Falsely indicates low X Abort on purge flow.
voltage.
Fails'to indicate low If battery current sensor has indicated
voltage. normal currents, but voltage trace does not
decrease near end of mission, voltage sensor
would be suspected and mission would be termi-
P~ nated early, to ensure that power is not lost.
Smoke, smell, vomit, water ‘Ea Crew cbservation Abort on purge flow. Shut off fan and pump.
globules in air stream, ete. “U

10 100
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TABLE 3
TENTATIVE CHECK OUT, CHARGE, AND START UP LIST

TCS Sequence for Check Out (Before Charging)

Check that dump valve is closed .
Check that 02 regulator is off

Check that gas separator outlet valve is closed

Check that the canister is fresh

Check that pump iz "off" :
Check that fan is "off" :
Connect and lock battery cable i

TCS Sequence for. Charging

Close feed water valve

Open valve between tanks

Connect drain to the drain line

Turn on 02 valve-pressure regulates 4 psi above ambient
Close valve between tanks after a specified time
Disconnect drain

Turn off Oz valve

Connect fill to fill line

Open dump valve to allow gas to escape

Close dump after specified lapse of time
Disconnect fill

Open valve between tanks to allow pressure balance

TCS Sequence for Start Up

Enter pressurized airlock
Don suit without helmet

Connect O3 to and from PGA

Connect LCG
Don backpack
Connect vehicle water umbilical
Turn on pump and feel cool flow
Attach vehicle 02 recharge line
Turn on fan and feel the flow
Open gas separator valve
Don gloves
Don helmet
Turn on 02 regulator
Open suit purge valve
After a specified purging time, close suit purge valve
Disconnect vehicle recharge 02 line o
Conduct pressure integrity check , : , .
Depressurize airlock
Disconnect water umbilical ,
Check airlock pressure ‘ , .
Open feed water valve to start sublimator '
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TABLE 3
(Continued)

Check all instruments, warning flags, and telemetry
Verify 02 total pressure

Verify CO2 partial pressure

Verify H20 temperature ‘

Verify battery current and voltage

Verify Oz is "on"

Adjust to achieve comfort
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THERMAL CONTROL SYSTEM
HEAT REJECTION SUBSYSTEM
DEVELOPMENT TEST PLAN AND PROCEDURE
TCS-1
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1.2

1.3

2.0

INTRODUCTION

Purpose
This test plan and procedure defines the Thermal Control System Heat

Rejection Subsystem (HRS) development test program.

Scope

This document outlines and describes the item to be tested, test condi-
tions and objectives and performance criteria. The results of this test

program will be included in the monthly progress reports.

Description of Test Item

The test jtem is the Thermal Control System Heat Rejection Subsystem
which is defined schematically in Figure 1. The test unit is defined

by drawing SVSK 87320.

APPLICABLE DOCUMENTS:

Drawings

SVSK 87320 Sublimator - Assembly and Details
Standards

MIL-0-27210 Oxygen Aviators Breathing, Liquid and Gas

MIL~P-27401 Propellant, Pressurizing Agent, Nitrogen

Specificétions

NASA

MSC-SPEC-C21 Water, High Purity (Potable) Specification for

Hamilton Standard

HS. 1550 : Pre Acceptance, Cleanihg, Preservation and Hand1ing of
Products
SVP 114 Test Fluid Control (High Purity Water)
c-3




3.0
i‘v
|
4.0
4.1

4.2

TEST SEQUENCE

Sequence
1

2
3
4

5
6
7
8
9
10
1

12
13

SPECIAL_INSTRUCTIONS

Rigor

Test
Examination of Product
Proof Pressure Test

Leakage Test

~ Steady State Test

Mission Test (Venting)
Mission Test (Non Venting)
OFF Design Test

Service

Weight

Mission Test (Venting)
Mission Test (Non Venting)
Leakage Test

Examination of Product

Test Number

5.1
5.2 *
5.3
5.4.2
5.4.3
5.4.4
5.4.5
5.5
5.6
5.4.3
5.4.4
5.3
5.1

The test program shall be conducted under the direction of the cognizant

project engineer. Hamilton Standard inspection shall be on a surveillance

basis only. Any changes to the approved test plan will be coordinated

with NASA.

Reporting

The results of the test program will be included in the monthly progress

reports.

4 ‘*4:‘*53'?‘:'?3?, T
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4.3

4.5

4.6

TCS-1

Control of the Test Item

It shall be the responsibility of the project engineer to insure that the
historical log sheets reflect all operations performed on the test article

during the test program.

Equipment Logs (Test Logs)

The test operator shall obtain sufficient data to verify that the test
conditions and environmental conditions have been controlled as specified
herein. This log will be maintained by the test operator(s). In general,
the log shall include, but not be Timited to, the following data:

a. Test Title and Procedure Section Number

b. Date

¢. Environmental Conditions

d. Test Operator |

e. Test Equipment

f. Notes and Comments

g. Test Results
Sample Log Sheets are included in Section 6.

Environmental Requirements

Unless otherwise specified,'testing shall be conducted at local Ambient

Temperatures and Barometric Pressure. Correction shall be made to provide

agreement‘with the temperature and pressure calibration of the instruments,

Cleanliness Requirements

Nitrogen conforming to MIL-P-27401 and oxygen conforming to MIL-0-27210
sha]i be used during testing specified within this dotdhent.~'This gas
~ shall be fi1tered,through a 15,micf0n absolute fi]ter.} The water used
,dUrihg these tests shall be distii]ed‘and deminera]ized per MSC-SPEC-C21
with the following exceptions: R

c-5
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| TCS-1
4.6 (Continued)

1. The water shall contain silver bromide at a concentration of A
| 50-100 ppb.
? 2. Total solids shall be 3.5 mm/1iter maximum. “
j o 3. The particulate contamination shall be as follows: ; i
j Particle Size Range Maximum Number of Particles ) ; ;
! (Microns) Per 100 ML : 3
| 0-25 UnTimited -
i ; 25-50 2,100 % %
- 50-100 100 L
; % | 100-250 4 i g
| 250 0 -
é : Maximum Number of Particles %
i Fibers Per 100 ML f
ff 100-250 1 |

250-400 1 %
. 400 0 |
| 4. The PH range shall be 5.5 to 7.5 at 250C. |
‘% 5. The following subparagraphs of MSC-SPEC-C21 are not applicable: ;
»% a. 4.1 3
:j b. 4.1.3 §
| | c. 4.1.6 %
=8 4 g .
;: | | e. 4.1.8 3
| ? | f. 4.1.10 §
E ? | ~ The external surfaces of the test artfc1e sha11 be maintained to a . E
E é1eanliness level of HS 1550C1. |
NOTE: Water cleaned per SVP 114 meets the requirémentsfabbve.

; § c-6 ;
S :




TCS-1

5.0 DEVELOPMENT TESTS

! 5.1 Examination of Product (Log Sheet 6.1)

| The item will be examined with respect to surface finish, coating, visual
defects and compliance with drawing SVSK 87320. The unit will not be

” disassembled to do a visual examination. Any visual degradation of unit

i; will be recorded during the test program.

i 5 5.2 Proof Pressure (Log Sheet 6.2)

5.2.1 Gas Circuit
The unit shall be set up as shown in Figure 2, and the gas circuit shall
be pressurized with nitrogen to a pressure of 6.0 psig. This pressure
shall be maintained for five minutes. There shall be no permanent

deformation as a result of this test.

5.2.2 Liquid Circuit

The unit shall be set up as shown in Figure 2, and the liquid circuit
shall be pressurized with nitrogen to a pressure of 54 psig. This pres-
sure shall be maintained for five minutes. There shall be no permanent

deformation as a result of this test.

5.3 Leakage Test (Log Sheet 6.3)

5.3.1 Gas Circuit
f The unit shall be set up as shown in Figure 3, and the gas circuit shall
E be pressurized with nitrogen to a pressure of 4.0 psig, and the unit will
E %‘ . , be submerged in water for 15 to 20 minutes. There shall be no evidence
:

of gas leakage.
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5.3.2

5.4

5.4.1

5.4.2

TCS-1

Liquid Circuit

The unit shall be set up as shown in Figure 3, and the liquid circuit
shall be pressurized with nitrogen to a pressure of 36 psig, and the unit
will be submerged in water for 15 to 20 minutes. There shall be no evi-
dence of gas leakage. This test may be combined with 5 1.1. After this
test, the unit shall be dried for one hour at a temperature of 130°F and

a pressure of 2 psia maximum,

Performance Testing

General
The HRS shall be set up as shown in Figure 4, and the following parameters
shall be observed and recorded at the intervals specified for the
individual tests.
a. Gas Circuit
Pout,Pin, Delta P, Tin, Tout, Delta T, TDPins TDPgut> Flow
b. Liquid Circuit
Pin, Delta P, Tin, Touts Delta T, Flow
c. Feedwater Circuit
Pin, Tin, Flow
d. Slurper
Delta P, Gas Flow, Water Flow.

Steady State Tests (Log Sheet 6.4)

The gas circuit and liquid circuit ahd feedwater conditions will be’set

~as specified in Table I, and the feedwater flow shall be initiated. The

times from flow initiation until the liquid lonp temperature starts to

R
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5.4.2

5.4.3

TCS-1

(Continued)

drop and until liquid loop and gas loop temperature stabilization shall
be recorded. The 1iquid loop temperature shall be below 450F within 10
minutes. The condition of the porous plate during start up shail be

observed and reported.

The gas circuit and liquid circuit conditions shall be stabilized for at
least 15 minutes at each steady state condition specified in Table i, and
the required data will be recorded. The unit shall meet the performance
requirements specified in Table I. At each steady state condition, a

small amount of air (approximately 2 cc) will be introduced in the feed-
water line. The unit must continue to operate after the introduction of

the air.

With the heat load set as specified in Table I, the feedwater will be

shut off. The unit must be non venting within five minutes.

The entire test will be repeated using the conditions and requirements

specified in Table II.

Mission Test (Venting) (Log Sheet 6.4)

The gas circuit, feedwater circuit and liquid circuit conditions will be

set as specified in Table III, and the feedwater flow will be initiated.

The gas circuit and liquid circuit conditions will be varied in accordance

~ with Figure 5. After two hours of operation, the feedwater will be shut

off for one half hourvand then shall be restarted. After 1.5 hours of

additional operation, the unit will be shutdown. The unit will meet the

réquiréments defined in Table III. The data will be recorded at each

change in condition; ‘This test shall be repeated foﬁr additional times,
except the one half hour shutdown will be deleted. The ambient pressure

will be returned to room pressure between tests.

~c-9
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5.4.4

5.4.5

5.5

TCS-1

Mission Test (Non Venting) (Log Sheet 6.5)

The gas circuit and 1iquid circuit inlet conditions shall be set as
specified in Table IV. The conditions will be varied in accordance with

Figure 6. The data shall be recorded at each change in condition.

OFF Design Tests (Log Sheet 6.4)

The feedwater circuit will be wetted at room pressure and then the ambient

pressure will be reduced to vacuum. The start up conditions specified in
Table I will be established, and the feedwater flow will be initiated.
The condition of the plate will be observed and reported. The data will
be recorded every five minutes for one half hour. The vent flow will be
1ncreased to 7.1 - 7.2 ACFM, and performance will be observed for one
hour after which the flow will be increased to 10.0 - 10.2 ACFM, and

performance will be observed for an additional hour.

The flow will be reset at 5.5 - 5.8 ACFM, and the 1iquid Toop inlet
temperature will be increased in five degree increments until break-

through occurs or until the outlet temperature exceeds 100°F.

The unit will be returned to ambient conditions. The porous plate will
be removed,>the seal will be cut 50% through on its upper face, and the
plate will be replaced. The start up condition specified in Table II
will be established, and the feedwater flow will be initiated. The unit

will be stabilized at each point specified in Table II.

Service (Log Sheet 6.6)

The porous plate will be removed from the sub11mator and 1ts cond1t1on

will be reported. A new plate will then be installed in the unit. Also,

the nicked seal will be repaired or replaced.
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TCS-1

5.6 Weight (Log Sheet 6.7)

After service, the weight of the unit will be determined with the unit

dry and the liquid circuit full of water.
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TABLE I

STEADY STATE TEST - ROOM TEMPERATURE START

INITIAL CONDITIONS

Liquid Loop:
Gas Loop:
Feedwater Circuit:

Slurper:

Ambient:

.STEADY STATE CONDITIONS

Low Load

~ Liquid Loop:

Gas Loop:

Feedwater Circuit:

| Slurper:

Ambient:

Nominal Load

e

Liquid Loop:

Gas Loop:

Flow 240 + Lb/Hr, Tin 509F Min, Inlet Pressure
3. 5 4.0 Psia

Tin 720F Min, Tppijp 509F Min, Flow 5.5-5.8 ACFM,
Inlet Pressure 3.85 + .15 Psia

Tin 700 + 150F, Inlet Pressure 3.7-4.0 Psia Feedwater
Valve Closed /

Delta P 1-1.5 In H20

Temperature 70 + 150F, Pressure 1,000 4 Maximum

Flow 240 + 5 Lb/Hr, AT 10F, Inlet Pressure
3.5-4.0 Psia

A) Flow 5.5-5.8 ACFM, Tip 720F + 20F, Tppin 35-37°F,
Inlet Pressure 3.85 + .15 Psia

B) Flow 5.5-5.8 ACFM, Tin 90 + 2°F Tppin 65 * 5OF,
- Inlet Pressure 3. 85 + .15 Psia

C) F1ow 5.5-5.8 ACFM, Tipn 1100F + 20F, TDp1n 91 + 20F,
Inlet Pressure 3. 85 + .15 Psia

Tin 70° + 150F, Inlet Pressure 3.7-4.0 Psia Feedwater
Valve Open

Delta P 1-1.5 In Hp0

Temperature 700 + 150F, Pressure 1,000« Maximum

Flow 240 + 5 Lb/Hr, AT 50F, Inlet Pressure
3.5-4.0 Psia

‘A) Flow 5.5-5.8 ACFM, Tin 720F + 29F, Tppin 35-37°F,

InTet Pressure 3.85 + .15 Psia

B) Flow 5.5-5.8 ACFM, Tip 90 + 20F, Tppin 65 + 50F,
Inlet Pressure 3. 85 +.15 Psia

C) Flow 5.5-5.8 ACFM, Tin 1100F + 20F, Tppin 91 + 2F,

Inlet Pressure 3. 85 + .15 Psia

. C=12 .




e v e b b i i

TCS-1 :
TABLE I ,E
(Continued) H
Feedwater Circuit: Tin 70 + 15°F, Inlet Pressure 3.7-4.0 Psia Feedwater f;
Valve Open %
Slurper: Delta P 1-1.5 In Hp0 |
Ambient: Temperature 70 + 150F, Pressure 1,000 ¢ Maximum
Maximum Load : %
Liquid Loop: Flow 240 + 5 Lb/Hr, AT 10°F, Inlet Pressure ?
3.5-4,5 Psia :
Gas Loop: A) Flow 5.5-5.8 ACFM, Tin 72°F + 2OF, Tppin 35-37°F, 5
Inlet Pressure 3.85 + .15 Psia :
B) Flow 5.5-5.8 ACFM, Tin 90 + 20F, Tppin 65 + 5OF, §
Inlet Pressure 3.85 + .15 Psia ;
C) Flow 5.5-5.8 ACFM, Tin 1100F + 20F, Tppin 91 + 2°F, :
Inlet Pressure 3.85 + .15 Psia
Feedwater Circuit: Tin 70 + 150F, Inlet Pressure 3.7-4.0 Psia Feedwater §
Valve Open ¢
Slurper: Delta P 1-1.5 In H20
Ambient: Temperature 70 + 15°F, Pressure 1,000 . Maximum
SHUTDOWN
Liquid Loop: Same as Maximum Load
Gas Loop: Same as Maximum Load | - | %'
- Feedwater Circuit: Samekas Maximum LoadiExcept Feedwater Valve C]osed’ i
STurper: Delta P 1-1.5 In Hp0 o %
Ambient{ Temperature 70 i_15°F, Pressure 1,000 .«¢Maximum | %
REQUIREMENTS | | : | %
Start Up: 10 Minutes Max for Liquid Loop Toyy <450F {
Low Load: | , Gas Loop T and Tppoyt »>33°F and 500F Max, De]té Pgas S '§

loop 2.8 In H20 Max, Liquid Loop Toyt T»320F, Delta
P1iquid Toop .728 Psi Max i
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Nominal Load:
Maximum Load:

Shutdown:

TCS-1

TABLE I
(Continued)

Gas Loop T and Tppoyt 509F Max, Delta Pgas loop 2.8 In
Ho0 Max, Liquid Loop Toyt 459F Max, Del%a Pliquid loop
./728 Psi Max

Gas Loop T and Tppoyt 50°F Max, Delta Pgas loop 2.8 In
H20 Max, Liquid Eoop Tout 45°F Max, De]ga Pliquid 1oop
.728 Psi Max

Five Minutes Maximum to Non Venting

c-14
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TCS-1

TABLE 11

STEADY STATE TEST - HIGH TEMPERATURE START

INITIAL CONDITIONS

Liquid Loop:

Gas Loop:

Feedwater Circuit:

Sturper:
Ambient:
STEADY STATE CONDITIONS

Maximum Load

Liquid Loop:
Gas Loop:
Feedwater Circuit:

Slurper:
Ambient:

Nominal Load

“Liquid Loop:
‘Gas Loop:
Feedwater Circuit:

~Slurper:

* Ambient:

Flow 240 + 5 Lb/Hr, Tip 54°F Min, Inlet Pressure
3.5-4.0 Psia

Flow 5.5-5.8 ACFM, Tin 110°F Min, Tppin 91OF Min,
Inlet Pressure 3.85 + .15 Psia

Tip 105 + 50F, Inlet Pressure 3.7- 4.0 Psia Feedwater
valve Closed

Delta P 1-1.5 In H20

Temperature 70 + 150F, Pressure 1,000.<cMaximum

Flow 240 + 5 Lb/Hr, AT 10°F, Inlet Pressure
3.5-4.0 Psia

Flow 5.5-5.8 ACFM, Tin 110 + 20F, TDPin 9% % 20F
Inlet Pressure 3.85 + .15 Psia

Tin 70 * 159F, Inlet Pressure 3.7-4.0 Psia Feedwater
Va]ve Closed

Delta P 1-1.5 In H20

Temperature 70 + 159F, Pressure 1,000,&(Maximum

Flow 240 + 5 Lb/Hr,ZSJ‘SOF Inlet Pressure
3. 5 4.0 Psia

' Flow 5.5-5.8 ACFM, Tin 90 + 29F, Tppin 65 + 5°F V

Inlet Pressure 3. 85 + .15 Psia

Tin 70 + 150F, Inlet Pressure 3.7-4.0 Psia Féedwatér
Valve Open ‘ o : '

Delta P 1-1.5 In H20

Temperature 70 + 159F, Pressure 1,000 «(Maximum

c-15




Low Load

Liquid Loop:
Gas Loop:
Feedwater Circuip:

Slurper:

Ambient:

SHUTDOWN

Liquid Loop:

Gas Loop:
Feedwater Circuit:
Slurper:

Ambient:

- REQUIREMENTS

Start Up:

Maximum Load:

Nominal Load:

Low Load:

Shutdown:

TABLE 11
(Continued)

Flow 240 + 5 Lb/Hr, AT 10F, Inlet Pressure
3.5-4,0 Psia

Flow 5.5-5.8 ACFM, Tin 72°F + 2OF, Tppip 35-37°F,
5 Inlet Pressure 3.85 + .15 Psia

Tin 70 + 159F, Inlet Pressure 3.7-4.0 Psia Feedwater
Valve Open

Delta P 1-1.5 In H20

Temperature 70 + 150F, Pressure 1,000 4{Maximum

Same as Low Load

Same as Low Load

Same as Low Load Except Feedwater Valve Closed
Delta P 1-1.5 In H20

Temperature 70 + 150F, Pressure 1,000 4¢Maximum

10 Minutes Max for Liquid Loop Tout <45°F

Gas Loop T and Tppout 50°F Max, Delta Pgas Toop 2.8 In
H20 Max, Liquid Loop Tout 459F Max, Del%a P1iquid loop>
.728 Psi Max :

Gas Looka and Tppout 500F Max, Delta Pgas 1oop 2.8 in
H20 Max, Liquid Loop Toyt 459F Max, De1%a Pliquid loops
.728 Psi Max : : :

Gas Loop T and Tppout: = 33°F and 500F Max, Delta Pgas
Toop 2.8 In Ho0 Max, Liquid Loop Tout >320F, Delta
P1iauid 1oop -728 Psi Max

5 Minutes Maximum to Non Venting




INITIAL CONDITIONS

Liquid Loop:
Gas Loop:
Feedwater Circuit:

Slurper:

Ambient:

‘MISSION SIMULATION

Liquid Loop:
Gas Loop:
Feedwater Circuit:

Slurper:

‘Ambient:

SHUTDOMWN
Liquid Loop:

Gas Loop:
Feedwater‘Circuit:

Slurper:

Ambient:~‘

I

TCS-1

TABLE 111
MISSION TEST - VENTING

Flow 240 + 5 Lb/Hr, Tip 50°F Min, Inlet Pressure
3.5-4.0 Psia

Tin 729F Min, Tppip 50°F Min, Flow 5,5-5.8 ACFM, Iniet

Pressure 3.85 + .15 Psia

Tipn 700 + 150F, Inlet Pressure 3.7-4.0 Psia Feedwater

Valve Closed
Delta P 1-1.5 In Hp0

Temperature 70 + 150F, Pressure 1,000 .4 Maximum

Flow 240 + 5 Lb/Hr, Inlet Pressure 3.5-4.0 Psia,
AT Per Figure 5

Flow 5.5-5.8 ACFM, Inlet Pressure 3.85 + .15 Psia
Tin and Tppin Per Figure 5 ~

Tin 70 + 150F, Inlet Pressure 3.7-4.0 Psia Feedwater

Valve Open
Deita P 1-1.5 In H20

Temperature 70 + 150F, Pressure 1,000 44 Maximum

Flow 240 + 5 Lb/Hr, Inlet Pressure 3. 5 4, 0 Psia,

AT ., Per Figure 5
- Flow 5.5-5.8 ACFM Inlet Pressure 3.85 + 1.5 Ps1a

Tin and Tppin Per F1gure 5 ‘
Tin 70 + 159F Inlet Pressure 3.7-4.0 Ps1a Feedwater

‘Valve Closed

Delta P 1-1.5 In_H20

'  Temperature 70 :;15°F, Pressure 1,000 «Maximum




REQUIREMENTS

Start Up:

Mission Simulation:

Shutdown:

I

TABLE III
(Continued)

10 Minutes Max for Liquid Loop Tout > 45°F
Gas Circuit T and Tppout 32 -500F

Delta P 2.8 In H20 Max

Liquid Circuit Toyt 33=450F

Delta P .728 Psi Max

5 Minutes Maximum to Non Venting

- Cc-18
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INITIAL CONDITION

Liquid Loop:

Gas Loop:

Feedwater Circuit:
5lurper:
Ambient:

MISSION SIMULATION

Liquid Loop:
Gas Loop:

Feedwater Circuit:
STurper:
Amcient:

REQUIREMENTS

[ ——

[ . .

TABLE 1V
MISSION TEST - NON VENTING

Flow 240 + 5 Lb/Hr, Tip 42-45%F, Inlet Pressure
3.5-4,0 Psia

Flow 5.5-5.8 ACFM, Inlet Pressure 3.85 + .15 Psia,
Tin and Tppin Per Figure 6

Shut Off
Delta P 1-1.5 In H20

Temperature 70 + 150F, Pressure 1,00044 Maximum

Flow 240 + 5 Lb/Hr, Tin 42-450F, Inlet Pressure
3.5-4.0 Psia

Flow 5.5-5.8 ACFM, Inlet Pressure 3.85 + .15 Psia,
Tin and Tppjn Per Figure 6

Shut Off
Delta P 1-1.5 In H20

Temperature 70 1-15°F, Pressure 1,000 4 Maximum

Gas Loop T and Tppoyt 50°F Maximum

c-19
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WINDSOR LOCKS, CONNECTICUT 06096 A , TESY ENGINEER MODEL NO.
, , » NAME OF RIG PART NO.
SPACE & LIFE SYSTEMS LABORATORY Bench SERIAL NO.
LOG OF TEST PRCJECT & ENG. ORDER NO. | OPERATORS
f Log Sheett 6.1]  Test Number |5.1 Sequence| Numbgr
| It4m conforms|to SVSK 87520 Yes o
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Proof Pressure

SHEET

. N
or ] DATE

YEST PLAN NO.

TCS-1

TEST ENGINEER

MODEL NO.

SPACE & LIFE SYSTEMS LABORATORY
LOG OF TEST

NAME OF RIG

PART NO.

SERIAL NO.

PROJECT & ENG. ORDER NO.

_OPERATORS

Log Sheelt 6.2 Test Nimber {5.2 apd 5.2.2

Sequence |Numbe
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| WINDSOR LOCKS; CONNECTICUY 06096 TEST ENGINEER MODEL NO. i
: NAME OF RIG PART NO. 4!
_ SPACE & LIFE SYSTEWS LABORATORY | | smiac no.
LOG OF TEST ) ‘ PROJECT & ENG. ORDER NO, |_ OPERATORS f
- Log Sheet $.3 | Tesg Number 5.8.1 apd 5.3.2 Seguence |Number
Cloc! Test Gas Cfircui Liquild Cireuit Visual .
Time Time |Pressure Pressure Bubbies :
Min ‘ ___|Psig Psig Yes Mo
0 ;
et i
™ ;
4
|
;‘ - o
. Pmwbient Temperature OF ’
= Barometric Pressure in Hg o
~ [ote: Unit free of surface bubbles before checking for leakage ,
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WINDSOR LOCKS, CONNECTICUT 06096 )

SPACE & LIFE SYSTEMS LABORATORY

Mission Test<Non‘Venting

_TEST PLAN NO.
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TEST ENGINEER
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LOG OF TEST

' SPACE & LIFE SYSTEMS LABORATORY

Hamilton Standard cvsos .mog.m commonaTion
1 WINDSOR LOCKS, CONNECTICUT 06096

TYPE OF TEST -
Service

oF | oare

JESY PLAN NO. TCS ']

TEST ENGINEER

MODEL NO.

NAME OF RIG

PART NO.

SERIAL NO.

PROJECY & ENG. ORDER NO.

L OPERATORS

Seq

ence

Lod Shee

L 6.6]  Test Nymber 5.5
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Barometric Pressure in Hg~ -
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FEEDWATERIN
o——————

LCG IN

GAS & STEAM IN

STEAM OUT

POROUS PLATE

LCG OUT
LCG CIRCUIT i

S GAS OUT
GAS CIRCUIT e~ '

CONDENSATE OUT (SLURPER)

FIGURE 1 HRS SCHEMATIC
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N2

CHAMBER

0 — 100 PSIG

&

BLEED VALVE

®_

. 0—15 PSIG

BLEED VALVE




i

CAP CAP

0 — 50 PSIG

0 3

0 — 15 PSIG

;
J
|
1
-
. |
! J
-
|
i |

{

e

DISTILLED
WATER

3" MAX

——

FIGURE 3 LEAKAGE TEST SETUP
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VAC

VAC

WATER
RESERVIOR,

FILTER 1 P

£€=D
5
@

FILTER 2

CHILLER

Vvac

FIGURE 4 PERFORMANCE TEST SETUP
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Parameter

Pump Inlet Pressure

Feed Water Reservoir Pressure
Feed Water Inlet Pressure
LCG Inlet Pressure

Chamber Pressure

Steam Header Pressure

Vent Outlet Pressure

Vent Inlet Pressure
Slurper Vacuum Pressure
Leakage Flow Rate Pressure
Steam Generator Pressure
LCG AP

Vent AP

Slurper AP

Fan -AP

LCG Flow

Slurper Flow

Vent Inlet Flow

Vent Outlet Flow

Rig Leakage Flow

Feed Water Temperature

LCG Inlet Temperature

LCG Outlet Temperature
Vent Inlet Temperature
Vent Outlet Temperature
LCG AT

Vent & T

Vent Outlet Dew Point
Vent Inlet Dew Point

Feed Water Burette (Small)
Feed Water Burette (Large)

Minimum Range

0-30 Psia
0-100 Psia
0-15 Psia
0-30 Psia
500-1,000.44
0-15 Psia
0-15 Psia
0-30 Psia
30 Ps1a~

0-

0-3

0-10 Psi (Diff)

0-10 in H20 (Diff)

0-10 in H20 (Diff)
0-100 in H20 (Diff)
.6-5.2 PPM :
0-5 PPH @ 3.8 Psia

2-12 PPH @ 3.8 Psia

2-12 PPH @ 3.8 Psia
.001-.016 PPH @ 3.5 Psia

32-1500F

32-1500F

32-150°9F

32-1500F

32-150°F

0-200F

0-100°F

0-1000F

0-100°F

100 CC

1,000 CC

c-33

o

Minimum Accuracy

+
N
0
w
o do

1 Psi
.025 Psi
.3 Psi
3% Angular Def
3% Angular Def
.025 Psi
.025 Psi
.3 Psi
.3 Psi
.5 Psia
.1 Psi
.1 in H20
.1 in H20
1 0 in H20
2% FS
2% FS
2% FS
2% FS
2% FS
30F
30F
30F
30F
30F
.50F
3°F
30F
3°F

1 u|+|+|+;+|+|+|+|+]+;+|+|+|+|+|+|+|+|+|+;+[+|+|+|+g+|+|+|+|
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1.0 INTRODUCTION
1.1 Purpose

This test plan and procedure defines the Thermal Control System Water Manage-

ment Subsystem (WMS) development test program.

1.2 Scope

This document outlines and describes the item to be tested, test conditions
and objectives and performance criteria. The results of this iest program

will be included in the monthly progress reports.

1.3 Description of Test Item

The test item is the Thermal Control System Water Management Subsystem which
is defined schematically in Figure 1. The test unit is defined by drawing
SVSK 87319, less details SVSK 87320, SVSK 87343-1, SVSK 87320-78 and

SVSK 87319-76. “

2.0  APPLICABLE DOCUMENTS

Drawings

SVSK 87319 Thermal Control System

SVSK 87320 Sublimator - Assembly and Details

SVSK 87343 TCS Motor/Rotary Fan Separator

‘Standards

MIL-0-27210 Oxygen Aviators Breathing, Liquid and Gas
MIL-P-27401 Propellant, Pressurizing Agent, Nitrogen

Spécifications
NASA -
R | MSC-SPEC-C21A Water, High Purity (Potable) Specification for

Hamilton Standard

HS 1550 Pre Adceptance, Cleaning, Preservation and Handling of

Products
. Cc=37
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2.0

3.0

4.0

4.1

4.2

(Continued)
SVP 114

TEST SEQUENCE

Sequence
1

W O N o O w N

-t
- O

12

SPECIAL INSTRUCTIONS

Rigor

Test Fluid Control (High Purity Water)

Test
Examination of Product
Proof Pressure Test
Leékage Test

Check & Relief Valve Performance
Mission TestE(Venting)
Mission Test (Non Venting)
Service

Mission Test (Venting)
Mission Test (Non Venting)
Leakage Test

Service

Examination of Product

TCS-2

Test Number
5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.5
5.6
5.3
5.7
5.1

The test prdgram shall be conducted under the direction of the cognizant

projectyeﬁgineef. Hamilton Standard inspection shall be on a surveillance

basis only. Any changes to the approved‘test plan will be coordinated

with NASA.

Reporting

The results of the test program will be included in the monthly progress

reports.

PR T S T I T




4.3

4.4

4.6

TCS-2

Control of the Test Plan

It shall he the responsibility of the project engineer to insure that the
historical log sheets reflect ali operations performed on the test article

during the test program.

Equipment Logs (Test Logs)

The test operator shall obtain sufficient data to verify that the test
conditions and enVironmenta] conditions have been controlled as specified
herein. This Tog will be maintained by the test operator(s). In general,
the log shall include, but not be limited to, the following data:

a. Test Title and Procedure Section Number

b. Date

c. Environmental Condifions

d. Test Opérator

e. Test Equipment

f. Notes and Comments

g. Test Results

Sample log sheets are included in Section 6.

Environmental Requirements

Unless otherwise specified, testing shall be conducted at local Ambient
Temperatures and Barometric Pressure. Correction shall be made to provide

agreement with the temperature ahd pressure calibration of the instruments}

Cleanliness Requirements

Nitrogen conforming to MIL-P-27401 and oxygen conforming to MIL-0-27210 shall.

be used during testing specified within this document. This gas shall be

fiTtered through a 15 micron absolute filter. The watek used dUring'these

tests shall be distiT]ed_and demineralized per MSC-SPEC-C21 with the'following'

exceptions: -
o Cc-39
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| 4.6 (Continued)

1. The water shall contain silver bromide at a concentration of

50-100 PPb.

vf 2. Tetal solids shall be 3.5 mm/liter maximum.
ff ' 3. The particulate contamination shail be as follows: ]
1 Particle Size Range Maximum meber of Particles ;
(Microns) , Per 100 ML '
i 0-25 Unlimited ;
! 25-50 ‘ | 2,100 ;
50-100 100 [
100-250 4 ‘ 9 !
250 0 i
Maximum Number of Particles %
Fibers = . __Per 100 ML :
100-250 | 1 i
250-400 1 |
400 0 | B
: 4. The PH range shall be 5.5 to 7.5 at 25°C. | ,;
; 5. The following subparagraphs of MSC-SPEC-CZI are not applicable: j
; a. 4. | ‘ |
ﬁ b, 4.1.3
g c. 4.1.6
i d. 4.1.7
j e. 4.1.8
f f.  4.1.10 | :
% E ; ~ The external surfaces of the test article shall be maintained to a~c1ean]ines$ ; .
| level of Hs 185061, |
NOTE:  Water cleaned per SVP 114 meets the requirements above

- C-40




5.0
5.1
5.2
5.2.1
5.2.2
5.3
5.3.1

TCS-2

DEVELOPMENT TESTS

Examination of Product (Log Sheet 6.1)

Examine the item with respect to surface finish, coating, visual defects and
compliance with drawing SVSK 87319. Do not disassemble the unit to do a
visual examination. Record any visual degradation of unit during the test

program. Determine and record the dry weights of the unit.

Proof Pressure (Log Sheet 6.2)

Gas Circuit
Setup the unit as shown in Figure 2, and pressurize, the gas circuit with
nitrogen to a pressuke of 6.0-6.2 psig. Maintain this pressure for five

minutes. There shall be no periianent deformation as a result of this test.

Liquid Circuit

Setup the unit as shown in Figure 2, and pressurize the liquid circuit with
nitrogen to a pressure of 54-56 psig. Maintain this pressure for five minutes.

There shall be no permanent deformation as a result of this test.

Leakage Test (Log Sheet 6.3)

Gas Circuit

Setup ﬁhe‘unit as shown in Figure 3, and préSsurize the gas circuit wifh hitrogen
to a pressure of 4.0-4}2 psig. Set the gas inlet flow as required to maintain
the pressure at a constant value and maihtain‘this condition for 15 to 20

minutes. The inlet flow shall not exceed 18 scc/min.

. C-41
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5.3.2

5.4

5.4.1

5.4.2

5.4.3

5.5

Liquid Circuit (Log Sheet 6.4)

- Setup the unit as shown in Figure 4, and pressurize the 1iquid circuit with

water to a pressure of 36 psig for 15 to 20 minutes. There shall be no

visible evidence of leakage.

Check and Relief Valve Performance

Check Valve Performance (Log Sheet 6.5)

Setup the unit as shown in Figure 5 and increase the water pressure to 1.0
+ .1 psig. MWater should be visibly observed coming from the LCG Bypass

fitting.

Main Reservoir Relief Valve (Log Sheet 6.6)

Setup the unit as shown in Figure 6 and increase the water pressure until water

flow is observed and then decrease the pressure until the water flow stops.

This test shall be repeated twice. The valve shall crack and reseat at

40-50 psig.

Expansion Tank Relief Valve (Log Sheet 6.6)

Setupkthe unit as shown in Figure 7 and increase the water pressure until
water flow is observed and then decrease the pressure until the water flow
stops. The test sha]] be repeated twice. The valve shall crack and reseat

at 40-50 psig.

“Mission Testing Venting (Log Sheet 6.7)

Noté: The water used for this test must be saturated with N2 per Appendix A.
Setup;thé unit as shown in Figuré 8 with the dump valve and thé feedwater |
shutoff valve closed and the expansion tank shutoff valve open. Pressurize
the.02 inlet to 4 psig and hold until the water stops flowing from the

»dfain connector. Disconnect the drain connector, shutoff the 03 supp]y,'and

the expansion tank shutoff valve. Open the water fill va1ve and thevdUmp valve.

- C-42
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5.5 (Continued)
| After five minutes, shut the water fill v.lve and the dump valve. Weigh the
. unit. The weight increase shall be at least 8.2 pounds. Open the expansion

(R tank shutoff valve and record the water pressure after stabilization. Evacuate

the gas loop to a pressure of 3,7-4.0 psia and record the water pressure. The
water Toop pressure shall agree with the gas loop pressure within .4 psi. Set
the feedwater outlet pressure a5 3.0-3.5 psia and open the feedwater shutoff

: valve. Maintain the gas pressure at 3.7—4.0‘psia and hold until the feedwater

flow stops. Weigh the feedwater and the unit. The feedwater shall weigh at

least 7.8 pounds. Repeat entire test four times for a total of five cycles.

5.6 Mission Test - Non-Venting (Log Sheet 6.8) ;j

Setup the unit as shown in Figure 9 with the expansion tank valve, feedwater
shutoff valve, and dump vaive closed and the drain connector valve opeh.
Increase the gas pressure to 3.7-4.0 psig and hold until water stops draining
from the unit. Close the drain’connector valve and weigh the unit. Pressurize
the water supply to 5-6 psig and open the supply valve and hold until thg

wéight of the unit stabilizes. The weight increase shall equal at least 1.7 1bs.

5.7 Service (Log Sheet 6.9) , , ~ , -

5.7.1 Liquid Loop andkFeedwatér Circuit Discharge ,

With the unit upright, open the LCG flow control valves, and the expansion

T T T L L Y

tank, feedwater and umbilical shutoff valves and connect the draih cbnnector.

SR = Gt S A

With the dump valve closed, pressurize the 0; lobp to 4-5 psig with dry nitkdgen

| . and hold for 10 minutes.

ST e

Close the LCG flow control valves and cap the LCG bypass fitt{ng. Connect

a 4-5 psig dry nitrogen supply to the wateﬁ fi11 connector and water drain

| ~ connector and pdrge for one hour. Shutoff the pressure to bbth the gas loop

:nd~feedw3ter circuit and open“fhe dump valve,',WithftﬁéﬂcontrOI,paneI‘face .
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5.7.2

5.7.3

5.7.4

5.7.4.1

SR

(Continued)

down, connect the 4-5 psig‘dry nitrogen supply to the LCG inlet and uncap the
LCG and LCG bypass fittings and open the LCG flow control valves and purge
for one hour. Shutoff the gas supply. Disconnect the gas supply from the
LCG inlet and connect it to the LCG out1et fitting. Close the LCG bypass
flow control valve. Uncap the umbilical inlet and outlet fittings and
increase the gas pressure to 4-5 psig, hold for 30 minutes and then decrease

the gas pressure to zero.

Gas Circuit Discharge

Connect a dry nitrogen supply to the 02 inlet fitting and pressurize to 2-5
psig with the dump valve closed and the 02 outlet fitting uncapped. Purge

the unit for one hour and reduce the pressure to zero.

Final Drying

Remove the caps from all fittings and install the unit in a vacuum chamber.
Connect a dry Np source to both the LCG inlet and the 0, inlet. Reduce the
chamber pressure to 1 mm Hg and maintain for oné'hour minimum. Return the
chamber to room ambient by supplying dry nitrogen through the 0 and LCG

inlet. Repeat the vacuum/pressurization cycle twice.

Dryout Verification

Gas Loop

Close the dump valve and connect a dew pointer to the Op outlet. Purge through

the 0y inlet fitting with dry nitrogen at 3-5 psig. Take dew point readings

~at 5 minute intervals until -three successive readings are 0°F maximum (30 -

minutes maximdm). Shutoff the purge and disconnect the setup.

c-44
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5.7.4.2

TCS-2

Feedwater Circuit

Open the feedwater and expansion tank shutoff valves and connect a dew pointer
to the feedwater outlet. Purge through the water fill connector with dry
nitrogen at 3-5 psig. Take dew point readings at 5 minute intervals until
three successive readings are 0OF maximum (30 minutes maximum). Shut off

the purge and disconnect the setup.

Liquid Loop

Cap the LCG bypass fitting and the umbi]i¢a1 connectors. Open the umbilical
shutoff valve and connect a dew pointer t6 the LCG outlet. Purge through

the LCG inlet connector with dry nitrogen at 3-5 psig. Take dew point
readings at 5 minute intervals until three successive readings are 0°F maximum

(30 minutes maximum). Shut off the purge and disconnect the setup.

C-45




fw g e - m«:.:ﬂxﬁmm»
| [ T Einof o e C—
| [Hamilton Standard wae e v oo 00 OF TRocus: | veere Lt
*" i | WINDSOR LOCKS, CONNECTICUT 0609 ENGINEKR | mobmL wo. E
i Q’ ; NAME OF RIG | PART NO. ‘
} ‘ SPACE & LIFE SYSTEMS LABORATORY - Bench SERIAL NO.
} LOG OF TEST ' PROJECT & £n3. ORDER NO. |_OPERATORS
1t | Log |Sheet|6.1 o | Test Numbelr 5.1 Sequence Nimber: ‘
UniY compjies With pfint Yes Nb o
Recard Vigiual |Defecks :
£ |
S o) i
& |
o ' |
1
|
|
—‘%? ES )
b -
L Ambient temperature o
. | Barometric Pressure e
_ | - T6273
B e e e e e




Ko ooy S - -
: ‘.‘""‘”»"“v g YYFE OF TEST ‘: pop— or * T oare
fk Ham"ton standard vawvinganv . \ ﬁz")‘(’)f Test . TESY PLAN NO. 1C5-2
| WINDSOR LOCKS, CONNECTICUT 04096 n ENGINEER MODEL NO. _
,; ‘ NAKE OF RIG [-PART NO.
' SPACE & LIFE SYSTEMS LABORATORY SERIAL NO.
- LOG OF TEST PROJECT & ENG. ORDER NO. - | OPERATORS
~|.Log|Sheet] 6.2 Tes Numblr 5.2,1 and 5,242 ___|Sequence Nhmber
o : Clock Test Test
: ‘ Time | - Time Presgure
1 ins psig
o ls.2i1
§ [}
i
L 1 \1
| s.2f2

Ambient Temperature
“Barometric Pressure

P - S P T A N T L A I TS K T s
T R L T J— . N




duakiB T L T L T e L P T T o0 [ o T TR =
i . N

ey - e - PR T S PaNT ¥ T . e v .| SHEET . OF lu"

Ham"tOn‘Standard OV MON OF USHTED ATACRAPT CORPORA TIGS —J‘mea-‘k“a-ge Ld > Tcs'a
WINDSOR LOCKS, CONNECTICUT 04096 - g GINEER MODEL NO.

NAME OF RIG | PART NO.

SPACE & LIFE SYSTEMS LABORATORY - stmiaL No.
LOG OF TEST PROJECT & ENG. CRDER NO. | oPERATORS

Log |Sheet] 6.3 o ; Test Numbep 5.3.] : Sequehce Nlmber

Clogk | Test| Inlet lIn]et

Timg : Time Press Flow

in cel
aiin P>y .4 €

8v-0

i W -
= Ambient Temperature
b Barometric Pressure

S I , .- 71086

WE,,,:::7:.‘,::94it::tf.:sfﬁ:zmewwA» Rt . SR . P . . . I . - e . P Lo
L . oy T g Ll o T I T T T I T T m__._“_.:.‘.‘.m.w_.-:k-




mr - e n Y
’ N LRI 7 . ) TYPE OF TRST  SHEET or - T oars
‘ Ham"ton Standard OIVISION OF USITED AINCALST Leakage TESY PLAN NO. TCS-2
WINDSOR LOCKS, CONNECTICUT 04096 TEAY ENGINERR MODEL NO.
’ ‘NAME OF RIG PART NQ.
SPACE & LIFE SYSTEMS LABORATORY , | SEMIAL NO.
LOG OF TEST ; PROJECT &k ENG. ORDER nq.‘ __OPERATORS
Log|Sheet] 6.4 Test] Numbér 5.3.2 Sequence Nymber
Clodk Test Pig _{Inlet
Time Time ress| ress
fin- 5ig sig
I o
PR
: =3
B O
.| Freedom flrom vjsual |1eakage Yes No
L e
.| Ambient Temperature
B Barometric Pressure

e




S -

F‘ Py e ™ | Dttty | SHEET or | DATE -

» | Hamilton Standard ovao o wareo Sacaars comromar | Check Valve Performance vesy pan o, TCS-2
WINDSOR LOCKS, CONNECTICUT 040% © | resT encineER MODEL NO. i i |

‘ NAME OF RIG | PARY NO. :g

SPACE & LIFE SYSTEMS LABORATORY SERIAL NO. i
T ‘ LOG OF TEST o PROJECT & ENG. ORDER NO. | OPERATORS ‘,, ‘
Log !Sheet} 6.5 Test Number 5.4.] Sequence Rumber B

Clogk Test Test
mg ime ress
fhn sig et e
- o 1
1
L ow 1
) i
1
i
‘ :Pressure St which Flow oberved psig| i
| Ambient Temperature
| Barometric Pressure




A e i

#* @

“1 nerir78.1A ¢ /68

WINDSOR LOCKS, CONNECTICUT 06096

SPACE & LIFE SYSTEMS LABORATORY

| HaMIItON StaNAArd wvmo: or wreo SZenssr comonaron

YYPE OF TEST

Relief Valve Performance

SHEETY orF | oave

Tesy pLAN No.  TCS-2

TEST ENGINEER

MODEL NO.

NAME OF RIG

PART NO.

SERIAL NO.

OPERATORSD

S

R e g

LOG OF TEST PROJECT & ERNG. ORD!‘ NO.
Log |Sheet] 6.6 . Test Numbed 5.4.2 & 5[4.3 Sequence MNumber
ain Relief] Valve .
Predsure—pt-which—flow-stprts sig psig psigt—
Preqsure pt which flow stpps _psig ps1ig psig
Expdnsien Tank Relief Valve
[Predsure ht which fiow stprts psig psig psig g
—_—
Predsure pt which flow stbps sig psig psig ' ]
. |
0 |
& _
v !
] 1
b_‘-‘—_-i\
Ambient temperature
Barometric Pressure
1



R S e e e - it
Ham"tOn Standard DIWISION OF w?:o}n{-urv CORPORA TION Nﬁ SSion TeSt venti ng TESYT PLAN NO. TCS’?
WINDSOR LOCKS, CONNECTICUT 06096 TEST EnGinEER MODEL NO —
NAME OF RIG PART NO. 1
SPACE & LIFE SYSTEMS L.ABORATORY |_sEmiAL NO.
‘ LOG OF TEST PROJECT & ENG. ORDER NO. 1_OPERATORS f; ;
Log |Sheet] 6.7 Test Number 5.5 Segeunce I‘Lmber :
Clogk Test Unit 02 HoO j HoO
Timé T 1me eight Press Press Out Hress
‘ - BS psi psia psia ’
; . j
Y R
(X} , |
" Ambient Temperature
Barometric Pressure ;
Water Saturated with N2 Per Appendix A Yes No C e




S

< k HEF-175.1A 1788 * ; TYPE OF TEST SHEET or - = ] OATE
Hamilton StANAArd cuso o wreo Snasr concomaron fHL55100 Test Non Venting T
WINDSOR LOCKS, CONNECTICUT 06096 TEST ENGINEER MODEL NO.
NAME OF RIG PART NO.
SPACE & LIFE SYSTEMS LABORATORY SERIAL NO.
) LOGOF TEST PROJECT & ENG. ORDER NO. . OPERATORS
“Log |Sheet] 6.8 Test] Number 5.6 Sequénce Number
Clodk | Test Unit 0, Ho0
Timg ime eight Presgure Pressure
: —Min- BS -psig —psig
a
I
wn
W
Ambient Temperature
i Barometric Pressure




, SN

| L KT PP IR : U TYPE OF TROT . SHEET or [ care ’E”w"—“
SR Ham"ton Standard mo UNITED ATRCAAR Y CORPORATION Service : YESY PLAN NO. Tgs'z f
: | | WiINDSOR LOCKS, CONNECTICUT 04096 g TROY ENGINEER ' MODEL NO.

NAME OF RIG A : - | PART NO. 1

SPACE & LIFE SYSTEMS LABORATORY ‘ SERIAL NO. f |

LOG OF TEST PROJECT & ENG. ORDER NO. | orgmaTORS q i
i *
;| Log|Sheet] 6.9 | Test kumbér 5.7 Sequénce Number ;
5.7]1 Lilquid Loop and Fepdwatgr Cincuit Discharge |

“Yes

ANl water digchargpd frgm féedwater circuit

ANl water diqcharged frgm liquid 1gop

gk 9.712 Gas Cirfuit

Cijrcuit|purgdd for| one hour ninimu

5.7{3 TFinal Dfying — f ’ ;

f; ' Cﬂbck ‘ Test Chamber

i Time Time Pressiure

g Min Hdg )

I - |

| : Q E
d 1 g
; 8, ‘
v -

i

;5“-%unmum

!

- AN PR SR e T e St e et s e A




Ww ST T DT T T e T e e e T R s T e e Lo e o - o e TR e S e s I T

Bisspss oo

¢ HOP1TR.1A 1/08 . ' . a ‘ TYPE OF TEST B sKaey or | oarx $
Hamilton Standard «veo o ......g.... comromaran |S€LViCE , anwo. 1€5-2
WINDSOR LOCKS, CONNECTICUT 06096 g TEST ENGINEER MODEL NO.
NAME OF RIG : - CART NO.
SPACE & LIFE SYSTEMS LABORATORY SERIAL NO.

LOG OF TEST PROJECT & ENG. ORDER NO. “ | OPERATORS ? |

Log |Sheet] 6.9 ’Contilnued_)

5.7/4 Drly Out|Veriflicatibn | ' S

5. 7441 Gas—urep 5742 Fredwa—i;eri.i cuit 5.7-4.3Ljiquidiloop

Clogk—JFest Press DR Clock Test Prasg Dp
Time Time psig Of Time Time psig OF T

Dp
OF

x
%
b

e ot
38
ol
i
B
2
wd
Vo]

o (@]
' 1
p— wn j
w
§
AR 4

. .| Ambient Temperature :
i1 Barometric Pressure ; : I




g o RELIEF VALVES
o,
’ 2 I T
] LIOH F
@ BUBBLE
é-' ®-| EXPANSION T, ~FEEDWATER
L >/ TANK SHUT OFF VALVE
f

CONTROL VALVE

CANISTER LA
RE SERVIOR
‘\y A\
@3 e R, <g§ Vo
CHECK VALVE EXPANSION TANK/

SHUT OFF VALVE :
NOT PART [ o

OF WMS.
CONNECTION
_MADE
by " FOR
TEST ONLY b
o GlOBmNENG g
q;H - S i

|| e 1
RN X X N XX =<

WATER DRAIN 0, ouT 0; IN

BYPASS FiLL CONNECTOR
CONNECTOR

96-0

FIGURE 1 - WMS SCHEMATIC




e - . F
? ? &/
§ o e o vt - &_/_é)//. o RELUIEF VALVES.
. [ . Yy
,L':?TF,CW .y ®>-!/'Q©-| 'iii;n‘(ﬁsmsﬁ\ ‘ \g‘i’%&iz&w:
OPEN ) | CAMSTER < OPEN
RESERVIOR [ \/ U
_'@ . S ¢/ ] / \V 7,
OPEN CAP
; \Js WA ij;—a
? Y \/_\} E
b by S AP
ou mowens @31 pumuec C
* l . QFHcmsszo OPEN f
LN = 02 B T =
| | CAP  CAP “CAP cAP - CAP
g 0-100 PSIG 0-15 PSIG
N2 § . é | ! ! N2
FIGURE 2 - PROOF PRESSURE - i




86-D

LCG FLOA
CONTROL VALVE >/

|0
=

6 Lo WNRTER
5 L
C A P P CON:‘ECTOR

CAP

CHECK VALVE §

i

=

CAP

EXPANEICH 7-'-:.4/
SHUT OFF VALYT

OPEN

ng 32:';; CLOSED

0-15 PSIG

U \y..__ _~.._l
HoH
\V/ Y/ \$/”
umaiuicat.
SHUT COFF VALVE

DRAIN
CONNECTOR

CAP

Q

T

B _"@;FMW". it ‘f—u

——-—"—-—__

L o T I
|
cap [
— U
e ot eredl o FELIEF VALVES
¥ é -
?S:?‘&'émsm —~ ~FEEOWATCR
TARK SHUT OFF VALVE
1
o= | |0
] [ &/ \V
_@_f'_\/— TNV é \V

, venucae  CAP

CONNECTORS.

[}
>
~

0-50 CC/MIN

FIGURE 3 - GAS CIRCUIT LEAKAGE

S T T S T LI ST




I o N e e R S e s e R SRt

0-100 PSIG

D)

LEAG FuON
CONTRAGL VALVE

OPEN"

CANISTER

TANK

BUHBLE
CXPANSION

P S
k. } »
A
w RELIEF VALVES
é ==
Pt -
&
—~ ‘
o ~FEEDWATER

SHUT OFF VALVE

OPEN

UNMBILICAL
SHUT OFF VALVE CONNECTORS

OPEN 1

RESERVIOR
[ % ~\
“@1 Y
CHECK VALVE EXPANSION TANK /
B SHUT OFF VALVE
OPEN
4/
3/
L s, OPEN
b= =y ==
Leo A DRAIN 0;0UT 02N
CONNECTOS

0-100 PSIG

-®

FIGURE 4 - LIQUID

CAP

CIRCUIT LEAKAGE

CAP

.
i e
i

i

é

’

B

O




09-0

0-100 PSIG

LEG FLON
CONT A VALVE

* CLOSED

N2 é é |

(
{

?%? o=

jt—j?

®.‘,

1 gty -
§ M
* 2
3 P ettt e
] ic. -
! ey

4

CAMTTER
FREZLAVIOR

BuBLLE
EXPANSION
TANK

2
/

o
\

CHECK VALVE

[ Y \Y

' _@ U U alUs
EXPANSION TARK /
- SHUY OFF VALVES |,

CLOSED

|| e
T

|

WATER FLOW

SuMP
VALVE

DRAIN

o, oxin
CONNECTOH 20T ©2

_'___®

. ? 0-15 PSIG

FIGURE 5 - CHECK VALVE PERFORMANCE

; &
= R =

o RELIEF JALVES

~~FEEDWATER
SHUT OFF YALVE




Q
L

o))

=

0-100 PSIG

WATER FLOW

4
!
(o

—'® BUBB.E

EXPANSION

.
TARK

LEG FLON >/

COMTPROL VaLVE g

?

: L
CLOSED Covren
REZTRVIOR
f Y Y/
¢ \/ A\ v
CHECK vALVE . 3;’:’:‘!?‘/ ;:3: /

CLOSED

!

P n—

DumP
VALVE

| b > ORAIHN O30UT OFIN
e P CONNECTOR 2 2

s —
) 0-100 PSIG
FIGURE 6 - MAIN RELIEF VALVE PERFORMANCE

)

)

I's
o

\

UvBRICAL
SHUT OFF VALVE

w PELIEF VALVES

“FEZEODWATER
SHUT OFF VALVE

CLOSED

UVBILICAL
CONNECTORS

-

R

:g
)Qf.ﬁ:w,,mzm
¢
;‘F
¢
if
i
i
i
I
i
i
i
i
i
i
U




29-0

'WATER FLOW

‘??

3
wion - | § i @
bd

B
@ BUSBLE
EXPANSION \
1 TANK
LCG FLOW : l
CONTROLVALVE >/ k

T

&
/

CEHESK VALVE EXPANEIDN TANK /

SHUT GFF VALVE:

CLOSED

o PELIEF VALVES.

~FEEDWATER.
SHUT OFF VALVE

CLOSED

&
CAMSTER
RC..;RHOR
. l W Y
€3l B \y/ U P

o __, E 0-100 PSI&

¢/ \
d \
g oywe 1 uMmsiLCAL
H ) . VALVE L SHUT-OFF VALVE
! ; VAN
L L ’ 1
RN
== B = W =]
Lo G WATCR ey DRAN P
BYPASS FlLL o3 CONNECTOR
CONNECTOR. foa i ;
: r
oF - )
- - ‘-
N s *
. .
1
b

FIGURE 7 - EXPANSION TANK RELIEF VALVE PERFORMANCE

LIBILICAL
cpn;v:qoas




1
PR .
+
LEG FLON 5}/
CONTHOL VALVE

CLOSED en

FESEARVIOR

_@——————\.J__—\ [
chmuuox TARK /

SAUT OFF VALVE

0-30 PSIA q() .

N .
. . . . .,'r“ e

I é VACUUM

CHECK VALVE

BUBBLE

EXPANSION

TANK

oS

- RELIEF VALVES

@‘—

~~FCEODWATER
SHUT OFF VALVE

[ ==
o

J

0-100 PSIG

1

CAP
0-30 PSIA

_® |

UMBILICAL yaeEILICAL c AP
SAUT GFF VALVE CONNECTORS

FIGURE 8 - MISSION TEST VENTING

Q@
o)) ' ] |
w . o *
0-100 P16 () ;Q
' ‘ % LG
N2 ' CAP  CAP
S C
it = - S
M““ Py

B é VACUUM




-
1
Oy
L
O Y
(L2 L

0-15 PSIG

LEG FLOW
CONTROL VALK G
o
H
I
%!

BJ3BLE

TANK

CANISTER
RISCAVIOR

EXFANSION ‘ﬂ

\!

o KELIEF VALVES

@4 | cLoses

—~ ~FIEDWATER
SHUT OFF VALVE

CHECK VALVE

[

=3 =

LCG. . WATER
BYPASS FiLL
CONNECTOR

FIGURE 9 - MISSION TEST NON VENTING

YV N
¢ Ny W

EXPANSICH TANK /

SMUT OFF VALYE

CLOSED
N\
\y/

A @" dump
VALVE

=

©z.0UT.

CAP

BB

EI.—E é 0-15 PSIG

UMBILICAL, ]{t UMBILICAL

SHUT OFF VALVE CORNIZTORS

L

_® 0-15 PSIG

TR U R

T A T T P T I A A T

g

}ﬁ&’%ﬁ
T

R R A




1.0

2.0

.3.._.
8
1
i
i
|
|
1_
—
o
|
—
|
1
1
1
H
i
_

SATURATION PROCEDURE

INTRODUCTION

This document defines the procedure‘to be used to saturate water with

nitrogen for use in TCS testing.

PROCEDURE

The setup shown in the attached Figure will be used to saturate the water

with nitrogen. A1l lines and fittings must be stainless steel.

The vessel will be charged with at least 50 pounds of water which meets

the requirements of SVP 114,

The nitrogen inlet pressure will be set at 35-37 psia, and the flow will

be set at .2 1b/hr and will be held for a minimum of 24 hours.

Once the above step has been completed, the pressure in the vessel must
be maintained at 35-37 psia. If, at any time, the pressure goes below

33 psia, the preceding step must be repeated.
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INTRODUCTION

Purpose

This test plan and procedure defines the Thermal Control System Humidity
Control Subsystem (HCS) (second stage) development test program. The HCS

first stage (slurper) is tested as part of the HRS test pr.gram.

Scope

This document outlines and describes the item to be tested, test condi-
tions and objectives and performance criteria. The results of this test

program will be included in the monthly progress reports.

Description of Test Item

The test item is the Thermal Control System Humidity Control Subsystem
which is defined schematically in Figure 1. The test unit is defined by

drawing SVSK 87343.

APPLICABLE DOCUMENTS

Drawings

SVSK 87343 TCS, Motor/Rotary Fan-Separator

Standards |

MIL-0-27210 Oxygen hviators Breathing, Liquid and Gas
MIL-P-27401 Propellant, Pressurizing Agent, Nitrogen
Specifications

NASA

MSC-SPEC-C21 Water, High Purity (Potable) Specification for

Hamilton Standard

'HS 1550 Pre Acceptance, Cleaning, Preservation and Handling of
Products ;
SVP 114 Test Fluid Control (High Purity Water)
C~-68




.
|
:
g
!,
.
:
1
3
3
3
s
-

NI

3.0

4.0

4.1

4.2

4.3

4.4

TCS-3

TEST SEQUENCE

Sequence | Test Test Number
1 Examination of Product 5.1
2 Proof Pressure Test 5.2
3 Leakage Test 5.3
4 Fan Performance Test 5.4
5 Separator Performance Test 5.5
6 Mission Test 5.6
7 OFF Design Test 5.7

SPECIAL INSTRUCTIONS

Rigor:
The test program shall be conducted under the direction of the cognizant
project engineer. Hamilton Standard inspection shall be on a surveillance

basis on1y. Any changes to the approved test plan will be coordinated

with NASA,

Reporting
The results of the test program will be included in the monthly progress

reports,

Control of the Test Item

It shall be the‘résponsibi]ity of the project enginEer to insure that the
historical TOg Sheets reflect all operations performed on the test article

dUring the test program.

EquipmenthOQS‘(Test Logs)

The test operator shall obtain sufficient data to ver1fy that the test

cond1t1ons and env1ronmenta1 conditions have been controlled as spec1f1ed

c=-69
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4.4 (Continued)

herein. This log will be maintained by the test operator(s). In general,

the log shall include, but not be limited to, the following data:

a) Test Title and Procedure Section Number "

b) Date

¢) Environmental Conditions

~d) Test Operator
e) Test‘Equipment

e f) Notes and Comments

g) Test Results
Sample Log Sheets are included in Section 6, § |

4.5 Environmental Requirements

Unless otherwise specified, testing shall be conducted at local Ambient
Temperatures and Barometric Pressure. Correction shall be made to pro-
vide agreement with the temperature and pressure calibration of the

instruments.

4.6  Cleanliness Requirements { f

Nitrogen conforming to MIL-P-27401 and oxygen conforming to MIL-0-27210 | ; j

shall be used during testing specified within this document. This gas

shall be filtered through a 15 micron absolute filter. The water used
during these tests shall be distilled and demineralized per MSC-SPEC-C21

with the following exceptions:

N T T T

1) Bactericidal agents shall not be used except for those performance
tests specified herein,
2) Total solids shall be 3.5 mm/liter maximum.

3) The particulate contamination shall be as follows:

c-70
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4.6 (Continued)

Particle Size Range Maximum Number of Particles
(Microns) Per 100 ML
0-25 Unlimited
25-50 2,100
50-100 100
100-250 4
250 0
Maximum Number of Particles
Fibers Per 100 ML
100-250 1
250-400 1
400 0

4) The PH range shall be 5.5 to 7.5 at 259C.
5) The following subparagraphs of MSC-SPEC-C21 are not applicable:

a) 4.1

b) 4.1.3

c) 4.1.6

d) 4.1.7
e) 4.1.8

f) 4.1.10

The external surfaces of the test article shall be maintained to a

cleanliness level of HS 1550C1,

NOTE: Water cleaned per SVP 114 meets the reguirements above.

5.0 DEVELOPMENT TESTS

5.1 Examination of Product (Log Sheet 6.1)

The item will be examined withkrespect to surface finish, coating, visual
defects and compliance with drawing SVSK 87343, The unit will not be
| e

|
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5.2

5.2.1

5.2.2

5.3

5.3.1

5.3.2

sl

TCS-3

(Continued)
disassembled to do a visual examination, Any visual degradation of unit

will be recorded during the test prograni.

Proof Pressure (Log Sheet 6.2)

Gas and Separator‘Circuits

Set up the unit as shown in Figure 2 and pressurize the gas circuit with
nitrogen to a pressure of 6.0 psig. Maintain this pressure for five
minutes. There shall be no permanent visual deformation as a result

of this test.

Liquid Circuit

Set up the unit as shown in Figure 3 and pressurfze the 1iquid cikcuit
with nitrogen to a pressure of 54 psig. Maintain this pressure for five
minutes. There shall be no permanent visual deformation as a result of

this test.

Leakage Test (Log Sheet 6.3)

>y
Gas and Separator Circuits b

‘L‘w

Set up the unit as shown in Figure 4 and pressurize the gas circuit with
nitrogen to a pressUre of 4.0 psig, and the unit will be submerged in

water for 15 to 20 minutes. There shall be no evidence of gas leakage.

Liquid Circuit (Log Sheet 6.4)

Set up the unit as shown in Figure 5 and pressurize the liquid circuit
with water to a pressure of 36 psig for {5‘to 20 minutes. There shall be

no evidence of water leakage.
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5.4

5.5

TCS-3

Fan Performance Test (Log Sheet 6.5)

Set up the unit as shown in Figure 6. Establish a water flow of 20 1b/hr
at a pressure of 5 to 20 psig. Maintain the water inlet temperature at

45-550F,

Set the voltage at 16.8 volts and the fan inlet pressure at 14.7 psia.
Close the switch and set the delta P at 2 inch H20. Record the flow,
inlet and outlet temperature, voltage and current. Increase the delta P
in 2 inch H20 increments to 10 inch Hp0 and record the aboye data at each
step. Close the flow valve and record the dead headed pressure rise.

Set the delta P at 9 inch Ho0 and open the switch. After the unit stops,
close the switch and record any start up current and voltage spikes.
Repeat the above test at voltages of 18, 20 and 22 volts. Repeat the
entire test with an inlet pressure of 18.7 psia. Decrease the inlet
pressure to 4 psia and repeat the above test at delta P's of 1, 2, 3, 4
and 5 inch of water. Set the delta P at 4.2 inch of water to check for

start up voltage and current spikes.

At 18.7 psia and a delta P inch of water, the flow must be at least 4.4
ACFM. At 4.0 psia and a delta P of 4.2 inch of water, the Flow must be
at least 6.5 ACFM,

Separator Performance Test (Log Sheet 6.6)

Set up the unit as shown in Figure 7. Establish a water flow of 20 1b/hr
at a pressure of 5 to 20 psig. Maintain the water inlet temperature at

45-55°F6

With the fan running, adjust the voltage and flow to obtain a delta P of

8 inch of water at a flow of 5.5 ACFM. Set the separator gas flow at .1

~ CFM and set the separator water flow at 3 cc/min. Allow conditions to

stabilize and record voltage, current, flows, temperature and pressures.

Cc-73
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5.5

5.6

(Continued)

The separator outlet flow must equal the inlet flow. Increase the water

flow in 3 cc/min increments to 9 cc/min and record the above data at each

step. Repeat the above at separator gas flows of .2, .3 and .4 CFM,

Reduce the inlet pressure to 4.0 psia, set the voltage and flow to obtain
a delta P of 4.2 inches of water and a flow of 6.5 ACFM and repeat the

above performance test.

Increase the inlet pressure to 18.7 psia, set the voltage and flow to
obtain a delta P of 9 inches of water and a flow of 4.4 ACFM and repeat
the above performance test. Do not change the delta P valve setting
after this test. Under all test settings, the separator outlet water

must equal the inlet.

Mission Test (Log Sheet 6.6)

Set up the unit as shown in Figure 7. Establish a water flow of 20 1b/hr
at a pressure of 5 to 20 psig. Maintain the water inlet temperature at

45-55CF,

At room pressure, set the voltage at the level required to maintain a
flow of 4.4 ACFM and a delta P of 9 inches of water at 18.7 psia (valve
obtained from previous test). Record the flow, voltage, delta P and other

parameters included on the log sheet.

Set the separator gas flow at .13 CFM and the‘water flow at 3.5 cc/min.

Record all parameters.

Reduce the pressure to 3.7-4.0 psia, maintain the water flow at 3.5
cc/min, set the separator gas flow at .24 ACFM. Record all parameters.

Maintain these conditions for 4 hours, recording all data every half

c-74
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(Continued)

hour. It is permissible to drain separated water from the burrette

during this run.

Return the unit to room pressure and shut the unit down.,
The separator outlet water shall equal the inlet.

OFF Design Test (Log Sheet 6.6)

Set the unit up as shown in Figure 7 and establish the conditions

specified in paragraph 5.7 (supply pressure 3.7 to 4.0 psia).

Shut the valve in the separated water outlet and observe the maximum

pressure obtained.

~ Open the outlet valve, set the inlet water at 1.0 cc/min and close the

outlet valve. Hold this condition for four hours recording all data
every 15 minutes. Shut the test down if the motor current starts to
increase above the valve obtained at 18.7 psig in test 5.5. Record the

time from start up to shutdown.

Repeat the above test at flows of 2.5 and 4 cc/min.
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TCS-4

1.1 Purpose
This test plan and procedure defines the Thermal Control System (TCS)

development test program.

; 1.2 Scope -
This document outlines and describes the item to be tested, test condi-
tions and objectives and performance criteria. The results of this test

program will be included in the monthly progress reports.

1.3 Description of Test Item

The test item is the Thermal Control System which is defined schematic- y

ally in Figure 1. The test unit is defined by drawing SVSK 87319.

2.0 APPLICABLE DOCUMENTS

Drawings
SVSK 87319 Thermal Control System (EVLSS) :

i Standards
MIL-0-27210 Oxygen Aviators Breathing, Liquid and Gas
MIL-P-27401 Propellant, Pressurizing Agent, Nitrogen

| ; | Specifications

NASA | | ]
MSC-SPEC-C21 Water, High Purity (Potable) Specification for

Hamilton Standard

HS 1550 Preaccepténce, Cleaning, Preservation and Handling of
7 Products
§ ; ~SvP 114 | Test Fluid Control (High Purity Water) |
s
Cc-90
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3.0 TEST SEQUENCE
Sequence Test Test Number

1l Examination of Produnt 5.1

2 Proof Pressure Test 5.2

3 Leakage Test 5.3

4 Mission Test (Hot Start) S5.4.2

5 Mission Test (Cold Start) 5.4.3

6 Mission Test (Room Temp Start) 5.4.4

7 System Pressure Rise vs Flow 5.5

8 Umbilical Operation 5.6

9 Deactivation 5.7

SPECIAL INSTRUCTIONS

Rigor

The test program shall be conducted under the direction of the
cognizant project engineer. Hamilton Standard inspection shall
be on a surveillance basis only. Any changes to the approved
test plan will be coordinated with NASA.

Reporting

The results of the test program will be included in the monthly
progress reports.

Control of thekTest Item

It shall be the responsibility of the project engineer to insure
that the historical log sheets reflect all operations performed
on the test article during the test program.

Equipment Logs (Test Logs)

The test operator shall obtain sufficient data to verify that
the test conditions and environmental conditions have been con-
trolled as specified herein. This log will be maintained by the
test operator(s). 1In general, the log shall include, but not be
limited to, the following data:

a. Test Title and Procedure Section Number
b. Date S

Cc. Environmental Conditions

d. Test Operator

e. Test Equipment

£. Notes and Comments

g. Test Results

c-91
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Environmental Requirements

Unless otherwise specified, testing shall be conducted at local
Ambient Temperatures and Barometric Pressure. Correction shall
be made to provide agreement with the temperature and pressure

calibration of the instruments.

Cleanliness Requirements

Nitrogen conforming to MIL-P-27401 and oxygen conforming to
MIL-0-27210 shall be used during testing specified within this
document. This gas shall be filtered through a 15 micron abso-
lute filter. The water used during these tests shall be dis-
tilled and demineralized per MSC-SPEC-C21 with the following
exceptions:

1. The water shall contain silver bromide at a concentration
of 50-100 ppb.

2. Total solids shall be 3.5 mm/liter maximum.

3. The particulate contamination shall be as follows:

c-92
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4.6

5.0

(Continued)

4, The PH

a.
b.

Cl

DEVELOPMENT TESTS

R
1 | |
A : - 1
TCS-4
Particle Size Range Maximum Number of Particles
(Microns) Per 100 ML
0-25 Unlimited
25-50 2,100
50-100 100
100-250 4
250 0
Maximum Number of Particles
Fibers Per 100 ML
100-250 1
250-400 1
400 0
range shall be 5.5 to 7.5 at 259C.
5. The following subparagraphs of MSC-SPEC-C21 are not applicable:
4.1
4.1.3
4.1.6
4.1.7
4.1.8
4.1.10
The external surfaces of the test article shall be maintained to a
cleaniiness level of HS 1550C1.
NOTE: Water cleaned per SVP 114 meets thekrequirements above.
c~-93




5.1

5.2

5.2.1

5.2.2

5.3

5.3.1

TCS-4

Examination of Product (Log Sheet 6.1)

Examine the item with respect to surface finish, coating, visual defects
and compliance with drawing SVSK 87319. Do not disassemble the unit to
do a visual examination. Record any visual degradation of unit during

the tést program. Determine and record the dry weights of the unit.

Proof Pressure (Log Sheet 6.2)

Gas Circuit

Set uﬁ‘the unit as shown in Figure 2 and pressuffze the gas circuit with
nitrogen‘to a pressure of 6.0-6;2 psig. Maintain this pressure for five
minutes. Thére shall be no permanent deformation as a result of this

test.

Liquid Circuit

"Set up the unit as shown in Figure 2 and pressurize the 1iquid circuit

with nitrogen to a pressure of 54-56 psig. Maintain this pressure for
five minutes. There shall be no permanent deformation as a result of

this test.

Leakage Test (Log Sheet 6.3)

Gas Circuit

Set up the unit as shown in Figure 3 and pressdrize the gas circuit with

nitrogeﬁ to a pressure,of'4.0-4,2 psig; Set the gas inlet flow as re-
quired to maintain the pressure at a constant value and maintain this
condition for 15 to 20 minutes. The inlet flow shall not exceed 18

‘sce/min.
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Liquid Circuit (Log Sheet 6.4)

Set up the unit as shown in Figure 4 and pressurize the liquid circuit
with water to a pressure of 36 psig for 15 to 20 minutes. There shall

be no visible evidence of 1eakage.

Performancé Testing (Log Sheet 6.5)

The TCS shall be set up as shown in Figure 5, and the following parameters

shall be observed and recorded at the intervals specified for fhe individ-.

Pouts Pin, Delta P, Tin, Tout, Delta T, TDPipns Tppoyt» Flow

Pin;" Delta P: Tino Tout, Delta T, F]OW

NOTE: The feed water must be saturated with N2 per Appendix A.

5.3.2
5.4
5.4,1 Genéra]
ual tests.
a. Gas Circuit
b. Liquid Circuit
c. Feed Water Circuit
| Pins Tin
5.4.2

Missién Testing (Hot’Start)

Set up the unit with the dump valve and the feed water shutoff valve
closed, and the expansion tdnk shutoff valve open, Pressurize the 02
inlet to 4 psig and hold until the water stops flowing from the drain
éonnector. Dﬁéconnect the drain connector, shut off the Op supply, and
the expansion tank shutoff valve. Open the water fill valve and the

dump valve. After five minutes, shut the water fill valve and the dump

valve. Weigh the unit. The weight increase shall be at least 8.2 pounds.

Open the expansion tank shutoff valve and record the water pressure'aftér

- C=95
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- 5.4.3
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TCS-4

(Continued)

stabilization. Evacuate the gas loop to a pressure of 3.7-4.0 psia and

record the water pressure.

Set the gas circuit and liquid circuit, system and ambient conditions as
specified in Table I. Once conditions have stabilized, open the feed
water valve. The liquid loop outlet temperature shall be below 45°F

within 10 minutes.

The gas circuit and liquid circuitkconditions will be varied in accordance
with Figure 6. After two hours of operation, the‘feed water will be shut
off for one half hour and then shall be restarted. After 1.5 hours of
additional operation, the unit will be shutdown, and the system returned
to ambient conditions. The unit will meet the requirements defined in

Table I. The data will be recorded at each change in condition.

Mission Testing (Cold Start)

Connect the drain connector and with the dump valve and the feed water
shutoff valve closed and the expansion tank shutoff valve open, prés-
surize the 02 1n1et to four psig and hold unt11 the water stops flowing
from the drain connector, D1sconnect the drain connector, shut off the
02’supp1y and the expansion tank shutoff valve. Open the water fill
valve and the dump valve. After five minutes, shut the water fill valve
and the dump valve. Openvthe éxpansion tank shutoff valve and record the
water pressure after stabilization. Evacuate the gas loop to a pressure

~of 3.7-4.0 psia and record the water pressure.

Set the gas circuit and liquid cikéuit, system and ambient conditions as
Specified/in Table II. Once conditions have stabilized, open the feed .
water vaive. The liquid loop outlet temperature shall be below 450F

within 10 minutes.
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5.4.3

5.4.4

TCS-4

(Continued)

The gas circuit and 1iquid circuit conditions will be varied in accordance
with Figure 6. After four hours of operation, the unit will be shutdown
and the system returned to ambient conditions. The unit will meet the
requirements defined in Table II. The data will be recorded at each

change in condition.

Mission Testing (Room Temperature Start)

Connect the drain connector and with the dump valve and the feed water
shutoff valve closed and the expansion tank shutoff valve open, pressurize
the 02 inlet te 4 psig and hold unti]‘the water stops flowing from the
drain connector. Disconnect the drain connector, shut off the 02 supply

and the expansion tank shutoff valve, ‘Open the water fill valve and the

dump valve. After five minutes, shut the water fill valve and the dump

valve. Open the expansion tank shutoff valve and record the water pres-
sure after stabilization. Evacuate the gas loop to a pressure of 3.7-4.0

psia and record the water pressure.

Set the gas circuit and 1iquid circuit, system and ambient conditions as
specified in Table III. Once conditions have stabilized, open the feed
water valye. The liquid loop outlet temperature shall be below 459F

within 10 minutes.

kThekgas circuit and liquid circuit conditions will be varied 1n‘accordance

with Figure 6. After four hours of additional operation, the unit will

‘beVShutdown and the system returned to ambient conditions. The unit will

meet the requirements defined in Table III. The data will be recorded at

each change in condition,

ol G e e,
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5.5 System Pressure Rise vs Flow

Established a system gas inlet pressure of 3.7 psia and turn on

the fan at flows of 0, 5, 6 and 7 acfm record the pressure rise
across the system. Repeat the above at inlet pressures of 14.7

psia and 18.7 psia. There is no performance criteria for this .
test.

5.6 Umbilical Operation , .

Establish a system gas inlet pressure of 4.0 psia, a gas inlet : !
temperature of 110°F and a water inlet temperature of S500F. ‘
Obtain the liquid loop and gas loop outlet temperatures and the
gas loop outlet dew point at inlet dew points of 60OF, 70°F,
80°F and 90°F.

Repeat this test at inlet pressures of 14.7 psia and 18.7 psia.
There is no performance criteria for this test. 1 |

5.7 Deactivation

5.7.1 Liquid Loop and Feed Water Circuit Discharge ' ;

With the unit upright, open the LCG flow control valves, and
the expansion tank, feed water and umbilical shutoff valves

and connect the drain connector. With the dump valve closed,
pressure the 02 loop to 4-5 psig with dry nitrogen and hold

for 10 minutes.

Close the LCG flow control valves and cap the LCG bypass flt-
ting. Connect a 4-5 psig dry nitrogen supply to the water ;
fill connector and water drain connector and purge for one |

hour.

. 5'7'2

Shut off the pressure to
water circuit and open the dump
face down, connect the 4-5 psig

LCG inlet and uncap the LCG and.

the LCG flow control valves and
the gas supply. Disconnect the

and connect it to the LCG outlet fitting.

pass flow control valve. Uncap

both the gas loop and feed
valve. With the control panel
dry nitrogen supply to the -
LCG bypass fittings and open
purge for one hour. Shut off
gas supply from the LCG inlet
Close the LCG by~
the umbilical inlet and outlet

fittings and increase the gas pressure to 4-5 psig, hold for
30 minutes and then decrease the gas pressure to zero.

Gas Circuit Discharge

Connect a dry nitrogen supply to the 0; inlet fitting and prés—

fitting uncapped.
pressure to zero.

surize to 2-5 psig with the dump valve closed and the 0, outlet
‘ Purge the unit for one hour and reduce the

R P eI
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5.7.3

5.7.4
5.7.4.1

5.7.4.2

5.7.4.3

Final Drying

Remove the caps from all fittings and install the unit in a
vacuum chamber. Connect a dry Nj; source to both the LCG in-
let and the 0, inlet. Reduce the chamber pressure to 1 mm
Hg and maintain for one hour minimum. Return the chamber to
room ambient by supplying dry nitrogen through the 0, and
LCG inlet. Repeat the vacuum/pressurization cycle twice.

Dryout Verification

Gas LOOE

Close the dump valve and connect a dew pointer to the 0, out-
let. Purge through the 02 inlet fitting with dry nitrogen at
3-5 psig. Take dew point readings at five-minute intervals
until three successive readings are 0OF maximum (30 minutes
maximum) . Shut off the purge and disconnect the setup.

Feed Water Circuit

Open the feed water and expansion tank shutoff valves and
connect a dew pointer to the sublimator header. Purge
through the water £ill connector with dry nitrogen at 3-5
psig. Take dew point readings at five-minute intervals until
three successive readings are 0OF maximum (30 minutes maxi-
mum). Shut off the purge and disconnect the setup.

Ligquid Loop

Cap the LCG bypass fitting and the umbilical connectors.
Open the umbilical shutoff valve and connect a dew pointer
to the LCG outlet. Purge through the LCG inlet connector
with dry nitrogen at 3-5 psig. Take dew point readings at
five-minute intervals until three successive readings are
0°F maximum (30 minutes maximum). Shut off the purge and
disconnect the setup. '
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INITIAL CONDITIONS

[T ——

Liquid Loop:

Gas Loop:

Feed Water Circuit:

Ambient:

MISSION SIMULATION

Liquid Loop:

Gas Loop:

Feed Water Circuit:

Ambient:
SHUTDOWN

Liquid Loop:

Gas Loop:

Feed Water Circuit:

Ambient:

REQUIREMENTS

Start Up:

Mission Simulation:

Shutdown:

N

TCS-4

TABLE I
MISSION TEST (HOT START)

Flow 240 + 5 Lb/Hr, Tijn 100-1050F Min, Inlet Pressure

3.5-4.0 Psia
Tip 105-1150F, Tpp;, 840F Min, Inlet Pressure 3.85 + .15

Psia, Fan On

Tin 100-1050F, Pressure 3.7-4.0 Psia Feed Water Valve
Closed

Temperature 70 + 159F, Pressure 1,000 .« Maximum

Flow 240 + 5 Lb/Hr, Inlet Pressure 3.5-4.0 Psia, AT
Per Figure 6

Inlet Pressure 3.85 + .15 Psia, Tin and Tppi, Per
Figure 6, Fan On

Tin 70 + 159F, Inlet Pressure 3.7-4.0 Psia Feed Water
Valve Open
Temperature 70 + 159F, Pressure 1,000  Maximum

Flow 240 + 5 Lb/Hr, Inlet Pressure 3,5-4.0 Psia, AT
Per Figure 6

Inlet Pressure 3.85 + 1.5 Psia, Tip and Tppjp, Per
Figure 6, Fan On

Tin 70 + 15%F Inlet Pressure 3.7-4.0 Psia Feed Water
Valve Closed : :

Temperature 70 + 150F, Pressure 1,000 & Maximum

10 Minutes Maximum for Liquid Loop Toyt > 45°F, Gas

‘Loop Flow 6.3 ACFM Minimum

Gas Circuit T and TUPdut 32-50%F, Liquid Circuit Tout

33-450F

5 Minutes Maximum to Non Venting

C-100
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INITIAL CONDITIONS

Liquid Loop:

Gas Loop:

Feed Water Circuit:

Ambient:
MISSION SIMULATION

Liquid Loop:

Gas Loop:

Feed Water Circuit:

Ambient:
SHUTDOWN
Liquid Loop:

Gas Loop:

Feed Water Circuit:

Ambient:

REQUIREMENTS
Start Up:

Mission Simulation:

Shutdown:

TABLE II
MISSION TEST (COLD START)

Flow 240 + 5 Lb/Hr, Tin 359F Maximum, Inlet Pressure
3.5-4.0 Psia

Tin 720F Minimum, Tppip 500F Maximum, Inlet Pressure
3.85 + .15 Psia, Fan On

Tin 70 + 150F, Pressure 3.7-4.0 Psia Feed Water Valve
Closed

Temperature 70 + 150F, Pressure 1,000 ¢ Maximum

Flow 240 + 5 Lb/Hr, Inlet Pressure 3.5-4.0 Psia, AT
Per Figure 6

Inlet Pressure 3.85 + .15 Psia, Tip and Tppy, Per
Figure 6, Fan On

Tin 70 + 159F, Inlet Pressure 3.7-4.0 Psia Feed Water
Valve Open

Temperature 70 + 150F, Pressure 1,000  Maximum

“Flow 240 + 5 Lb/Hr, Inlet Pressure 3.5-4.0 Psia, AT

Per Figure 6

Inlet Pressure 3.85 + 1.5 Psia, Tip and Tppy, Per
F1gure 6, Fan On

Tin 70 + 159F Inlet Pressure 3.7-4.0 Psia, Feed Water
Valve Closed

Temperature 70 + 159F, Pressure 1,000 4 Maximum

10 Minutes Maximum for Liquid Loop Tout > 459F, Gas
Loop Flow 6.3 ACFM M1n1mum

~-Gas Circuit T and TDPout 32-500F, Liquid Circuit Tout
- 3;1-450F

5 Minutes Maximum to Non Venting

Cc-101




INITIAL CONDITIONS
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TABLE II1

Liquid Loop:

Gas Loop:

Feed Water Circuit:

Ambient:
MISSION SIMULATION

Liquid Loop:

Gas Loop:

Feed Water Circuit:

Ambient:
SHUTDOWN

Liquid Loop:

~ Gas Loop:

Feed Water Circuit:

Ambient:

REQUIREMENTS

Start Up:

Mission Simulation:

Shutdowh:

MISSION TEST (ROOM TEMPERATURE START)

Flow 240 + 5 Lb/Hr, Tijn 500F Minimum, Inlet Pressure
3.5-4.0 Psia

Tin 729F Minimum, Tpp;,. 50°F Minimum, Inlet Pressure

P.
3.85 + .15 Psia, Fan OR

Tin 70 + 150F, Inlet Pressure 3.7-4.0 Psia, Feed Water

Valve CTosed

Temperature 70 + 150F, Pressure 1,000 <4 Maximum

Flow 240 + 5 Lb/Hr, Inlet Pressure 3.5-4.0 Psia, AT
Per Figure 6

Inlet Pressure 3.85 + .15 Psia, Tin and Tnpm Per
Figure 6, Fan On

Tipn 70 + 150F, Inlet Pressure 3.7-4.0 Psia, Feed Water
Valve Open

Temperature 70 + 150F, Pressure 1,000  Maximum

Flow 240 + 5 Lb/Hr, Inlet Pressure 3.5-4.0 Psia, AT
Per Figure 6

Inlet Pressure 3.85 + 1.5 Psia, Tin and Tpp;, Per
Figure 6, Fan On

Tin 70 + 150F Inlet Pressure 3.7-4.0 Psia Feed Water
Valve Closed

Temperature 70 + 150F, Pressure 1,000 < Maximum

10 Minutes Maximum for L1qu1d Loop Tout :> 450F, Gas
Loop Flow 6.3 ACFM Minimum

Gas Cgrcu1t T and TDPout 32-509F, Liquid Circuit Tout
33.450F

5 Minutes Maximum to Non Venting

c-102
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HSF.173.1A 1/688 * :

Hami'ton Standard IVISION OF 'UNITiiD }l-‘CRAFVY CORPORATION

TYPE OF TEST .
Examination of Product

SHEET OF | oarx

TEST PLAN NO. TCS'4

TESYT ENGINEER

i
3
O

WINDSOR LOCKS, CONNECTICUT 06096 MODEL NO.
s ' 7 NAME OF RIG PART NO.
SPACE & LIFE SYSTEMS LABORATORY Bench SERIAL NO.
LOG OF TEST PROJECT & ENG, ORDER NO. | OPERATORS
Log [Sheet|6.1 ‘ Test| Numbgr 5.1 Sequence Number §
@,f Unit] complies With print Yes Np §
- ' -
Recdrd Visual Defects L
O e |
‘ .
= ;
. |
w
i
;
i B |
Weight L[*y) , 1bs. } |
- RERARKS: ‘
Ambient temperature
Barometric Pressure. ‘




HSF.173.1A 1/68 — TYPE OF TESY SHEET or l DATE ié
HAMIION StANAArd s o wereo Snarr comomarens | 2L0OF TESL Tesr ean wo.  105-4 ]
WINDSOR LOCKS, CONNECTICUT 05096 TEST ENGINEER MODEL NO. &
' ' NAME OF RIG | _PART NO. f
SPACE & LIFE SYSTEMS LABORATORY SERIAL NO. f
” LOG OF TEST PROJECT & ENG. ORDER NO. | OPERATORS. :
Log|Sheet} 6.2 Test Number 5.2.1 and 5.2{2 Sequence Number
Clock Test Test T
Time Time Presgure
mins psigt—
5.2
I A | |
(] i ;
R (W) i i
5.242 1
: | |
|
S
—m;—j
~ Ambient Temperature
Baromet‘ric Pressure -~——-—]
' T " T1NRQ |




Ambient Temperature
Barometvric Pressure
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HSF.175.1A 1/608 M : : TYPE OF TEST i SHEEY or ] DATE i-
Hami'ton Standard DIVISION o-r UNITED AIRCRAF T CORPORATION Lea ka Geb JEST PLAN NO. TCS-4 ’E
WINDSOR LOCKS, CONNECTICUT 06096 TEST EnGINEER MODEL NoO. |
, NAME OF RIG PART NO. ‘
SPACE & LIFE SYSTEMS LABORATORY SERIAL NO.
" LOG OF TEST PROJECT & ENG. ORDER NO. | OPERATORS _,___ i
Log {Sheet] 6.3 Test Number 5.3. Sequence Nlmber‘
Clogk Test Inlet Inlet TW
Timg Time Press Flow :
M+ psig S i
L Q ;
! !
| :
- o JRONE! I i b
w ; |
- ‘
1
|
- |




Barometric Pressure

*

*

HSF-178.1A1/868 TYPE OF TEST SHEET or J DATE 5 ‘
Hamilton Standard ovso o vureo Smaart comomaran | -€2KaZE vesteanme  TCS-4
WINDSOR LOCKS, CONNECTICUT 06096 TEST ENGINEER MODEL NO. S
b iy
NAME OF RIG |_PARYT NO. E
SPACE & LIFE SYSTEMS LABORATORY SERIAL NO. :
: LOG OF TEST ‘ PROJECT & ENG. ORDER NO. rmgm;
: Log Sheet] 6.4 Testf Numbgr 5.3.2 Sequence Nymber
Clogk Test Pig Inlet -
Tﬁmﬁ Time ress ress
min sig 5ig
-0
1
L =
o
i [e))] .
B
Fre¢dom flrom vfsual Teakalge Yes No ]
4
‘ili#ﬂt ‘
Ambient Temperature |
|
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; Ham“tOn Standard OIVISION OF UNITED AIRCRAET CORPORA TION TEST PLAN NO. TCS"4 |
WINDSOR LOCKS, CONNECTICUT 06096 TEST ENGINEER MODEL NO.
‘ ' : , ' NAME OF RIG PARY NO. :
SPACE & LIFE SYSTEMS LABORATORY SERIAL NO. i
LOG OF TEST PROJECT & ENG. ORDER NO. OPERATOR }2]‘
‘ " | OPERATORS i
|Log Sheet B.5 Tesht Numtl»er Jequenge Nufiber z
“ i
[ClocKTest Gas Circuit Liguid Cincuit Rig Leakage !
rime [Time | Pin 1Pout IAP [Tin Tout |AT [DPin PPout! Flaw  |Pin [AP |Tin |Tout [AT | Flow Flow P %:
| Min |Psia|Psia | Psi OF OF |OF OF |OF % CFM |Psja| Psi | OF OF |oOF % j#/Hr § % $#/Hr |Psi
! ’ : f
| SR |
1 a |
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1 71 NRA -
i ‘; U R = TR S R T L R —A




| weea7saarsee - U TYPE OF TEST SHEET oFr l DATE
Hamilton Standard 5 UNITED_ AIRCRAET CORPORAT JEST PLAN NO. TCS-4
| WiNosOR LOCKS, CONNECTICUT 06096 N | TesT eninEen MODEL NO.
: NAME OF RIG PARY NO.
SPACE & LIFE SYSTEMS LABORATORY SERIAL NO.
LOG OF TEST PROJECT & ENG. ORDER NO. PER
Log Shee} 6.5 |(Contfinued
Feedpater [Circufit = | Rig Headgr
Pin | Tin Presdure Presdure
Psia OF ’ P24 o
- 0
1
e
o
B (oo
|- Ambient Temperature OF
Barometric Pressure in Hg
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‘ HBF175.1A 1/ 68 + —;“' U ; - TYPE OF :r:rr ] SHEET oF 4 l DATE
Hamilton Standard onvsion 00 urareo Siemar cosomarn |—oeactivation vest ran o, 1054
| WINDSOR LOCKS, CONNECTICUT 06096 | q TEST ENGINEER ~ MODEL NO. ; |
» ; ‘ : | namEe oF riG - ; PART NO ‘; 'f
SPACE & LIFE SYSTEMS LABORATORY b semuac o, I
LOG OF TEST PROJECT & ENG. ORDER NO. PERA l________,_
o ]

f:. Log|Sheel] 6.6 - ‘ Test INumber 5.5 Sequgnce Number

5.5.1 Lilquid Loop and Fepdwatdr Cincuit Discharge

Yes

A11 water dischargped frqm feadwatey circuit

'VA11'waterVdischarg d frgm liquid 1¢op

'

% 5.5.2 Gds Circuit ~ | 3

Cijrcuit|purgdd for| one Hour nfinimu i §
: i
]

5.5.3  Final Dfying ‘ V i
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Dbcument No.

P I O P

; Parameter Minimum Range Minimum Accuracy
P1 Pump Inlet Pressure 0-30 Psia + 2 Psi
P2 Feed Water Reservoir Pressure  0-100 Psia + 1 Psi
T Pa LCG Inlet Pressure 0-30 Psia + .3 Psi
Ps Chamber Pressure 500-1,000 + 3% Angular Def
Pe Steam Header Pressure 500-1,000 + 3% Angular Def
P7 Vent Outlet Pressure 0-15 Psia + .025 Psi
Pg Vent Inlet Pressure 0-15 Psia + .025 Psi
P1o Leakage Flow Rate Pressure 0-30 Psia + .3 Psi
L P11 Steam Generator Pressure 0-30 Psia + .5 Psia
- JAN LCG AP 0-10 Psi (Diff) + .1 Psi
- AP Vent AP 0-10 in Hp0 (Diff) + .1 1in H20
- AP3 Slurper AP 0-10 in H20 (Diff) + .1 in H20
L APy Fan A P 0-100 in H20 (Diff) + 1.0 in H0
F1 LCG Flow .6-5.2 PPM + 2% FS
F3 Vent Inlet Flow 2-12 PPH @ 3.8 Psia + 2% FS
v Fa Vent Outlet Flow 2-12 PPH @ 3.8 Psia + 2% FS
Fs Rig Leakage Flow .001-.016 PPH @ 3.5 Psia + 30F
T Feed Water Temperature 32-1500F + 3CF
T2 LCG Inlet Temperature 32-1500F + 30F
1K LCG Outlet Temperature 32-1500F + 30F
Tg Vent Inlet Temperature 32-15Q0F + 30F
Ts Vent Outlet Temperature 32-1500F ¥ 30F
ATy LCG AT 0-200F + .50F
» ATy Vent AT 0-100°F + 30F
| . DPy Vent Outlet Dew Point 0-1000F + 30F
DP2 Vent Inlet Dew Point 0-1000F + 30F
-
8
u
!
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APPENDIX A
PROCEDURE

FOR
SATURATING WATER
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SATURATION PROCEDURE

INTRODUCTION

This document defines the procedure to be used to saturate water with

nitrogen for use in TCS testing.

PROCEDURE

The setup shown in the attached Figure will be used to saturate the water

with nitrogen, A1l lipes and fittings must be stainless steel.

The vessel will be charged with at least 50 pounds of water which meets

»

the requirements of SVP 114,

The nitrogen inlet pressure will be set at 35-37 psia, and the flow will

be set at .2 1b/hr and will be held for a minimum of 24 hours.

Once the above step has been completed, the pressure in the vessel must

be maintained at 35-37 psia. If, at any time, the pressure goes below

33 psia, the preceding step must be repeated.

C-120
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1.0

1.1

1.2

ll3

2.0

3.0

4.0

4.1

N I R R

INTRODUCTION

Purpose

This test plan and procedure defines the Gas/Liquid Separator, a component of
the Thermal Control System, Water Transport Subsystem (WIS) development test
program. : :

Scope

This document outlines and describes the Gas/Liquid Separator, test conditions
and performance criteria. The results of this test program will be included
in the monthly progress reports. :

Descripticn of Test Item

The test item is the Gas/Liquid Separator defined by drawing SVSK90475.

APPLICABLE DOCUMENTS

Drawing
SVSK 90475 Gas/Liquid Separator

Specifications

NASA
MSC-SPEC-C21A Water, High Purity (Potable) Specification for

Hamilton Standard

HS 1550 Pre-Acceptance, Cleaning, Preservation and Handling of Products
SVP 114 Test Fluid Control (High Purity Water) :

TEST SEQUENCE

Sequence » Test "- Test Number
1 Examination of Product : 5.1
2 Proof Pressure Test 5.2
3 Leakage Test 5.3
4 Separation Verification Test 5.4

SPECIAL INSTRUCTIONS

Rigqr

. The test prograh,shall be conducted under the direction of the cognizant project
“engineer. Hamilton Standard inspection shall be on a surveillance basis only.
~Any change to the approved test plan will be coordinated with NASA. ' :

c-123
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4.2

4.3

4.4

4.5

4.6

Reéorting

The results of the test program will be included in the monthly progress
reports.

Control of the Test Plan

It shall be the responsibility of the project engineer to insure that the
historical log sheets reflect all operations performed on the test article
during the test program.

Equipment Logs (Test Logs)

The test operator shall obtain sufficient data to verify that the test condi-
tions and environmental conditions have been controlled as specified herein.
This log will be maintained by the test operator(s). In general, the log shall
include, but not be limited to, the following data:

a. Test Title and Procedure Section Number
b. Date

¢. Environmental Conditions

d. Test Operator

e. Test Equipment

f. Notes and Comments

g. Test Results

Sample log sheets are included in section 6.

Environmental Requirements

Unless otherwise specified, testing shall be conducted at local Ambient Temper-
ature and Barometric Pressure. Correction shall be made to provide agreement
with the temperature and pressure calibration of the instruments.

Cleanliness Requirements

The gas used for testing shall be room air. The water used in this test shall

be distilled and demineralized per MSC-SPE-C21 with the following exceptions:

1. The water shall contain silver bromide at a concentration of 50-100. PPb...
2. Total solids shall be 3.5 mm/liter maximum. ~
3. The particulate contamination shall be as follows:

Particle Size Range Maximum Number of Particles

(Microns). ‘ : Per 100 ML
0-25 | ~ Unlimited
25-50 , ‘ 2,100
50-100 : 100 -
-100-250 , 4
250 R 0
' .. Maximum Number of Pérticles‘
Fibers 2 v : . Per 100 ML
1100-250 | . B |
250-400 , o . s 1
400 : ~ . Q
c-123
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5.0

5.1

5.2

5.3

5.4

5.5

4. The pH range shall be 5.5 to 7.5 at 25°C.
5. The following subparagraphs of MSC-SPEC-C21 are not applicable:

a. 4.
b.

f. 0

The external surfaces of the test article shall be maintained to a cleanliness
level of HS1550Ci.

NOTE: Water cleaned per SVP1l4 meets the requirements above.

DEVELOPMENT TESTS

Examination of Product (Log Sheet 6.1)

Examine the item with respect to surface finish, coating, visual defects and
compliance with drawing SVSK 90475. Do not disassemble the unit to do a
visual examination. Record any visual degradation of unit during the test
program. Determine and record the dry weight of the unit.

Proof Pressure (Log Sheet 6.2)

Set up the unit as shown in Figure 1, and pressurize with nitrogen to a pressure
of 54-56 psig. Maintain this pressure for five minutes. There shall be no
permanent deformation as a result of this test.

Leakage Test (Log Sheet 6.3)

Set up the unit as shown in Figure 2, and pressurize with nitrogen to a pressure
of 34-36 psig. Immerse unit in water at room temperature and observe for
bubbles. There shall be no external leaks.

Separator Verification

Set up the separator as shown in Figure 3. Between one and one and one half
hours after charging the system with water turn on the pump and set a flow of
240 + 20 1b/hr. Observe and record the liquid circuit AP every hour for 7
hours minimum. After the first seven hours of observation, the unit may be
operated for up to 16 hours at a time without recording data. The unit will
be operated for a total of 100 hours. Within 30 minutes of flow initiation,
air will be injected into the water upstream of the separator at a rate of 35cc/
min for a two minute period. Air injection will be repeated at least twice
during each day of operation.' As a test goal, there shall be no air bubbles
present in the line downstream of the separator after each injection of air or
during the test run. As a test requirement, degradation of pump performance
(head and/or flow) due to the presence of air shall not last more than five

seconds.

‘Final Drying

After satisfactory completion of the above tests, remove separator from test
bench, shake off excess water then dry with gaseous nitrogen as follows:
connect a 4-5 psi dry nitrogen supply to the Separator inlet and allow to flow
through for 30 minutes or until dry. o '
c~-125
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INTRODUCTION

Purgqse

The test plan and procedure defines the Thermal Control System

Vehicle Umbilical Connector development test program.

Scope
This document outlines and describes the item to be tested, test
conditions and objectives and performance criteria. The results

of this test program will be included in the monthly progress

reports.

Description of Test Item

The test item is the Thermal Control System Vehicle Umbilical
Connector which is defined schematically in Figures 1 and 2.

The test unit is defined by drawing SVSK 90196.

APPLICABLE DOCUMENTS

Drawings
SVSK 90196 Water Connector

Standards
MIL-P-27401 Propellant, Pressurizing Agent, Nitrogen

Specifications

NASA

MSC-SPEC-C21A Water, High Purity (Potable) Specification for

Hamilton Standard

HS 1550 Pre Acceptance, Cleaning, Preservation and
Handling of Products

SVP 114 Test Fluid Control (High'Purity Water)

c-134
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; 3.0 TEST SEQUENCE
é i Sequence Test | Test Number ﬁ
| i; ' 1 ) Examination of Product 5.1 f
| {; ‘ 2 Proof Pressure Test 5.2 i
? Az . 3 Cross Leakage Test 5.3 ?% |
é 4 E#ternal Leakage Test 5.4 ié 3
| ii 5 Force to Connect 5.5 ;
E Ei 6 Delta P Coupled | 5.6 ? ‘
. {
1 7 Delta P Uncoupled 5.7 Lo
f; =
| 4.0 SPECIAL INSTRUCTIONS %
4.1 Rigor
g% The test program shall be conducted under the direction of the é
- cognizant project engineer. Hamilton Standard inspection shall :
t be on a surveillance basis only. Any changes to the approved ? g
3% test plan will be coordinated with NASA. § ?
. : 4.2 Reporting -
E i The results of the test program will be included in the monthly »é
é i progress reports. : %
- | |
| : 4.3 Control of the Test Plan
g ;2 . : It shall be the ;esponsibility of the project engineer tq insu:e
i % that the‘historical log sheets reflect all'operations on the test
'% article during,the test program. |
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Equipment Logs (Test Logs)

The test operator shall obtain sufficient data to verify that the

test conditions and environmental conditions have been controlled

as specified herein. This log will be maintained by the test

operator(s).

to, the following data:

a.

b'

g.

Test Title and Procedure Section Number

Date

. Environmental Conditions

Test Operator
Test Equipment
Notes and Comments

Test Results

sample log sheets are included in Section 6.

Environmental Requirements

Unless otherwise specified, testing shall be conducted at local

Ambient Temperatures and Barometric Pressure. Correction shall

be made to provide agreement with the temperature and pressure

calibration of the instrumentsr

Cleanliness Requirements

Nitrogen conforming to MIL-P-27401 shall be used during testing

specified withinﬁthis document. This gas shall be fiitered

through a 15 micron absolute filter. The water used during these

tests shall be distilled and demineralized pet MSC-SPEC-C21 with

the following exceptions:

C-136
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4.6

(Continued)
1. The water shall contain silver bromide at a concentration
of 50-100 PPb. |
2. Total solids shall be 3.5 mm/liter maximum.
3. The particulate contamination shall be as follows:

pParticle Size Range Maximum Number of Particles
(Microns) Per 100 ML

0-25 Unlimited
25;50 2,100
50-107 ” 100

100-250 4

250 : 0

Maximum Number of Particles
Fibers Per 100 ML

100-250 | 1
250-400 1
400 0

4. The PH range shall be 5.5 to 7.5 at 250cC.
-5, The following subparagraphs of MSC~SPEC-C21 are not
applicable:
a. 4.1
b. 4.1.3
C. i4.1.6
d. 4.1.7
e. 4.1.8

£. 4.1.10
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4.6 (Continued)

1 The external surfaces of the test article shall be maintained to

a cleanliness level of HS 1550Cl.

NOTE: Water cleaned per SVP 114 meets the requiremerits above. 2

5.0 DEVELOPMENT TESTS

5.1 Examination of Product (Log Sheet 6.1)

Examine the item with respect to surface finish, coating, visual

defects and compliance with drawing SVSK 90196. Do not disassemble

the unit to do a visual examination. Record any visual degradation

R T N I ST T

of unit during the test program. Determine and record the dry

weights of the unit. , : :

5.2 Proof Pressure (Log Sheet 6.2)

Set up the unit as shown in Figure 3 and pressurize the liquid

circuit with nitrogen to a pressure of 57 i”z psig.' Maintain

T T UL T I S

this pressure for five minutes. Couple the halves and repeat .
the test. There shall be no permanent deformation as a result o

of this test. e = N

5.3 Cross Leakage Test (Log Sheet 6.3)

‘Set up the unit as shown in Figure 4 and pressurize the water
inlet side to 5 + .5 psig. The water flow from the outlet ports

S - shall not exceed 5 1b/hr.

5.4 External Leakage Test (Log Sheet 6.4)

SN T S T I T T T ok - O W L T R T T L

. ; Set up connectors as shown in Figure 5 and pressurize to 5 + .5

| psig for 30 minutes. There shall be no evidence of water leakage.

c-138
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5.6
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J

(Continued)
Uncouple the connectors and repeat the above test. There shall

be no evidence of water leakage.

Force to Connect (Log Sheet 6.5)

Set up the connector as shown in Figure 6, pressurize to 25 psig,
and couple the connector. The force to connect shall not exceed

20 lbs.

Delta P Coupled (Log Sheet 6.6)

Set up the connectors as shown in Figure 7 and recorcd the delta P
between the back pack inlet port and the umbilical inlet port at
water flows of 50, 100, 150, 200, 240 1lb/hr. The test shall be
repeated with water flowing from the umbilical outlet port to the
badk pack outlet port. The delta P in either circuit shall not

exceed .75 psi at 240 lb/hr.

Delta P Uncoupled (Log Sheet 6.6)

Set up the back pack half as shown in Figure 8 and record the

delta P between the back péck inlet port and the back pack outlet

port water flows of 50, 100, 150, 200, and 240 lb/hr. The delta P

shall not exceed .25 psi at 240 lb/hr.

. c-139
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DR, ' ‘ Pressure'Drop'Coupled
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HAMILTON STANDARD 3z o=
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1.0 This Appendix contains the performance test results for the two )
sublimators and the Thermal Control System. Tables D-1 through s

R D-5 contain the data obtained with the first sublimator using 4
S plate number 1. Tables D-6 through D-9 contain the data obtained ¥
i with the first sublimator using plate number 2. The data obtained i

/ with the second sublimator is contained in Tables D-10 through P

e D-11, and the data obtained when testing the complete TCS is g

; contained in Tables D-12 through D-14. i i
=
L

y
¢
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o2 o
= a TABLE D-1 g
o G FIRST SUBLIMATOR
8 E STEADY STATE TEST RESULTS SUMMARY ﬂ
= F POROUS PLATE NUMBER 1 ;
% o LIQUID LOOP GAS LOQP Total
T T Flow AP T 1 1 DP DP Low Ar Heat Load e
E ip gge 25/ sec KPa '%n oge ot s g/sex: Pa Watts
= (8.9) (F) {1b/hr) {psi) R CF) (603) CE) {cfm) (in_H20) (Btu/Hr) ; o
<8 1.4 .56 3.03x1072 5.4 21.4 2.78 10.56 1.11 2.6x1073 50 147
I (34.5) (33) (240) (.79 (70.5) (37.3) (51) (34) {5.51) ¢2) (500) ' t%\_
N
1.7 ‘1.1 3.02x1072 5.4 32.2 2.0 18.89 1.11 2,7x1073 100 208 g
(35): (34) (240) (.79) (90) (35.5) (66) (34) (5.86) (.4) -(710) ! 4 -
ol 2.22 1.67 3.0x0% | 51 43.33 1.11 33.6 1.67 3.3x1073 | 124 3n 1 =S '
= E 5 (238) (-74) (110) (34 (92.5) (35) (7.05) (.5) (1,270) : ~
< | 8] s.s6 2.5 3.06x1072 4.3 21.67 4.44 10.28 2.22 2.6x1073 37 434 v -
: ? nl2) (36.5) (243) (-62) €5 (40) (50.5) (36) (5.55) (.15) {1,480) i
B 4 w
i e =] 5.28 2.5 3.03x1072 | 4.9 31.95 278 | 18.1 2.5 2.8x10°3 | 100 - 434 :
g , (41.5) (36.5) (240) (.72) (89.5) (37.3) (64.5) (36.5) (5.9) 4 (15,20) e
B 6.67 3.89 3.03x102 4.6 43.89 2.22 33.1 2.78 3.3x1073 137 645 |
(44) (39) (240) (.66) (111) (36) 1 (91,5} (37.1) (7.1) (.55) (2,200) |
{ |
10.56 5.0 3.06x10"2 4.6 20.84 5.84 10.56 4.2 2.6x1073 37 748
(51) (41) (243) (.65) (69.5) (42.5) (51 (39.5) (5.52) (-15) (2,550)
10.56 5.0 3.06x1072 4.4 31.67 4ol 18.1 b.44 2.7x1073 100 798
(51) (41) (243) (.64) (89) (40) (64.5) (40) (5.84) .4) (2,720) s
12.5 6.67 3.0 x1072 | 4.2 42.717 4.72 3.33 4.72 3.1x107 | 112 i,003 |
(564.5) 44y (38) | (.61 (109) (40, 5) (92) (40,5) 6.7) (.45) (3,420) |
ol1z:22 1 7.2 3.03x10™2 5.0 43.33 10.00 32,78 10.0 2.7x1073 697 909 ;
u}(54) (45)max. | (240) (.728 pai) (110) (50)max. | (91) (50)max.| (5.7 cfm) (2.8) max|| , 3:100)
“linlet sut nominal max at Tyn inlet outlet inlet outlet nominal at 43.533 | Max
= 12,22°C ; (110°F) Load i
(54°F) and DP = |
32.8% ‘
(91°F)

L
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TABLE D-2
FIRST SUBLIMATOR
MISSION TEST {VENTING) KESULTS SUMMARY

POROUS PLATE NUMBER 1

rpEgpTVOD H00Z ¥
| govd TV

LIQUID LOOP GAS LOOP
Tin Tout Flow AP Tin Tout DPin DPout Flow AP
‘¢ °c  Kg/sec KPa °c °c °c °C m3/sec Pa
(°F) (°F) (Lb/nr) (psi) (°F) (°F) (°F) (°F) (cfm) (in ED)
TS ERN . 2.96x10"2 5.1 38.9 3.3 28.9 | 32 33.8a0% | w1
(33.5) | (33.5) (235) (.74) (102 (38) (83.5) (37.5) (7.16) (.15)
.28* V .56 2.9‘5x10:é ‘ 5.1 &2.2 3_9 30.00 3.3 30.6)(10_;} 99
(32.5) | (33) (234) (.74) (108) (39) (86) (38) (6.19) (.4)
6.1 3.3 3.03x1072 9.9 %0.5 5.6 23.1 k.7 32.9x0°% 111
(+3.5) | (38) (eko) (.7) (205) (12) (73.5) (L0.5) (6.98) (.b5)
ul 5.8 3.1 3.06x10-2 5.9 b7 5.0 23.h4 k.2 32.9x107% 124
& | (42.5) (37.5) (2u3) (.7m) (207) (1) (73.5) (39.5) (6.99) (+5)
é n.7 6.11 3.09x1072 Iy b 42.8 6.7 32.22 6.7 36.2xa0" | 136
(53) (43) (2b5) (.64) (109) (M) (90) ) (7.68) (.55)
g 8,9 L.y 3.09x10-2 L7 43.3 5.6 25 L.7 31.6x1074 12k
> (48) (ko) (215) (.68) (110) (52) (1) (b0.5) (6.7 (.5)
5 9.2 L7 3.06x1072 L.b 43.3 5.0 26.11 k.7 33.9x1074 12k
2 (48.5) | (k0.5) (243) (%) (110) (b1) (79) (%0.5) (7.2) (.5)
3. 1.9 2.99x10°2 5.9 43.9 3.9 28,6 3.3 PBhaot |
(37.5) | (35.5) (237) (.7) (111) (39) {83.5) (38) (7.29) (.45)
2.2 1.67 2.99x1072 5.0 43.9 3.9 28.3 3.3 35.2x107% | 136
(36) (35) ’(232) (:73) (111) (39) (83) (38) {7.45) (.55) .

Time to start up
Time to Shutdown

Y

20 Seconds
4 Minutes

0 st e

i ®
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TABLE D-3 ; ’
FIRST SUBLIMATOR §
MISSION : UMMARY
POROUS PLATE NUMBER 1 ﬂ
LIQUID LOOP GAS_LOOP E
Tin Tout Flow ar Tin Tout DPyp DPout; Flow ALp . =
c c X&/sec Kpa ’c °C °c °c m3/sec Pa
(°F) ) (3b/br) (psi) ) (°F) ¢r | (P (cfm) (in 10) 8
| 1.9 1.k 3.000-2 5.0 43.3 3.3 29.2 1.9 33.7x10°% 124
(35.5) (34.5) (238) (.73) (110) (38) (84.5) | (35.5) | (7.18) (.5) t\%
2.2 1.7 3.0x10°2 5.0 43.3 3.3 29.4 2.2 32 kx107Y 136 ! g
(36.4) (35) (238) (.13) (120) (38) (85) (36) | (6.9 (.55) 2
5.3 2.8 2.99x10-2 4.6 42.8 2.78 23 2.8 33.xa074 136
(41.5) (37) (237) (.66) (109) (37) (73.5) | (37) (7.1) (.55)
(o} i
i 5.3 2.8 2.98x1072 k.6 42.8 3.1 23.6 2.8 34.8x10°% k9
- @l (41.5) (31 (236) . (.65) (209) (37.5) (74.5) | (37) (7.4) (.6)
g 10.8 5.6 3.0x1072 3.2 43.9 5.0 32.5 3.9 34.3a0"b 1h9 |
| (52.5) (b2) (238) (.57) (111) () (90.5) | (39) | (7-3) (-6)
gl sa 4.2 2.98x1072 3.k 43.3 b.b 25 3.6 35.3a07 149 : |
g (46.5) (39.5) | (236) (.k9) (110) (ko) (77) (38.5) | (7.5) (-6) i
| 8.6 bk 2.95x10-2 5.0 13.3 3.9 25.6 3.6 3b.8x0-4 149 —_—
(47.5) (k0) (234) (.58) (110) (39) (76) (38.5) | (7.4) (.6)
5.6 2.8 2.95x10-2 4.3 43,3 2.8 2.1 2.6 34.3x1074 1L9 i
(k) (37) (234) (.63) (110) (37) (75.5) | (36.5) | (7.3) (-6) ; ;
2.2 1.7 3.05x10-2 5.2 43.3 2.8 29.} 2.6 35.3x10-1 149 ; i
(36) (35) (2h2) (.75) (120} (37) (85) (36.5) | (7.5) (.6) —
z;
Time to Start up =25 Seconds ;
Time to Shutdown w 'k Minutes
* * ¥
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TABLE D-4 X g S—
FIRST SUBLIHATOR
MISSION TEST (VENTING)RESULTS SUMMARY
PO ER 1 ﬂ
T, IQUID LOOP GAS ‘LOOP
T T F1 P Ts T DR, DP, Fl P [N
33 o xg/ S:Z ‘%5 ic i ec out m37:ec APn : E
(°F) Cr) @bdnr) (psi) (CF) (CF) (°F) ¢ F) (cfm) (in 520)} | i
2.2 2.96x10-2 u.b Y b 2.2 29.4 2.6 30.9x10°% 124 “Q ;
(39) (36) (235) (.64) (112) (36) (8h.5) | (36.5) | (6.58) (.5) N ;
5.3 | 2.8 2.96x1072 4.3 43.6 3.3 23.6 3.9 | 3L.3a0b | m x g :
(b1.5) (37) (235) (.63) (110.5) (38) (74.5) | (39) (6.66) (.15) ‘ 2 T
o 6.1 3.1 2,96x10-2 k.2 43.3 2,2 25 3.9 30.5x10-Y 1 , |
> (43) (37.5) (234) (.62) (110) (36) {17) (39) (6.18) (.45) - o
g 10.6 5.6 ‘ 2.96x1072 3.8 Ly L 3.9 32.8 5 30.9x107% 12k , :
f ooy | ) (234) (.55) (12) (39) (s1) () | (6.57) (.5) j |
gl A3 4.1 2.93x10°2 3.9 Wl by 3.3 5.3 | ba  |31.3a0 124 ; 1
A (39.5) | (232) (.57 (112) (38) (77.5) | (39.5) | (6.67) (-5) 2 1
E - 8.9 I 2.93x1072 3.9 43.9 3.3 25 4.7 31.1x10-k4 136 , |
gl 18 (ko). (232) (.57) (111) (38) (m (s0.5) | (6.61) (.55) ; |
6.4 3.3 2.93x10-2 L2 43.9 2.8 2h,1 .1 31,1x10°% 124 i —
(43.5) (38) (232) (.62) (111) (37) (75.5) | (39.5) | (6.61) (.5) : |
2.8 1.9 2.96.10-2 4.2 43.9 1.1 29.2 1.4 30.6x107% 136 :
(37 (35.5) (234) (.65) (111) (3¥) (84.5) | (3t.5) | (6.9) (.55)

Time +to Start up ' 20 Seconds
‘Time to Shut down = I Minutes

B I T O I TP
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TABLE D=5
FIRST SUBLIMATOR
MISSION TEST{NON VENTING) RESULTS SUMMARY

1,IQUID LOOP GAS_LOGP
Tin Tout Flow AP Tin Tout DPy, ' DPgy | Flow AP
°c °c Kg/sec Kpa °c ° °c °c w3/sec Pa
cr 1 CR) (1b/nr) (psi) ) (°F) (°F) (Cr) {cfm) (in Hp0)
6.9 8.6 2.96x10-2 3.7 43.9 8.9 28.9 8.9 33.8x10°% 149
(bk.5) (47.5) | (23%) (.54) (Q11) (48) (84) (18) | (7.2) (.6)
5.3 7.5 2.95x10-2 3.7 b4 8.3 29.7 8.3 33.6x0°4 1hg
(b1.5) (45.5) (234) (.54) (122) (&7) (85.5) | (b7) (7.2) (-6)
5.0 6.4 2.94x10-2 .37 43.3 6.7 23.9 7.2 32.hx107 136
= (k1) (43.5) (233) (.54) (110) () (75) (45) (6.9) (.55)
E o 5.8 6.9 2,96x10-2 4,8 43.3 7.2 24,4 7.8 33.8x10-4 124
(42.5) (4k.5) (235) (.69) (120) (15) (76) (%6) | (7.2) (-5)
6.4 8.3 3,00x10-2 3.9 43.3 8.9 3.8 9.L 32, 6x10°h 124
(43.5) (7) (239) (.57) (120) (48) (91 (49) (6.95) (.5)
- 6.7 8.6 2.99x10-2 3.9 43.9 8.9 32.8 8.3 31.7x10-4 111
(L) (47.5) (237) (.56) (111) (u8) {9 (b7} (6.75) (.45)
| 5.3 6.4 3.01x10-2 b1 43.3 7.2 25.8 7.2 33.8x10-4 149
(1.5) (13.5) (239) (.6) (110) (45) (78.5) | (45) (7.2) (.6)
6.1 7.2 3.01x10-2 3.8 k2.8 7.2 26.5 7.2 3k.3aok 161
(13 (45) - (239) (.59) (109) (us) {79.5) | (k45) (7.3) (.65)
6.1 7.2 3,01x1072 ka 42.8 7.2 23.6 7.2 33.4x107t 19
u3) (4% (239) (.6) (209) (45) (7.5) | (u5) {7.1) (.6)

t

pwena 7/ QUHVANVLS NOLUWVH

"

t




'l

TABLE D-5 (Continued)
FIRST SUBLIMATOR
MISSTION TEST (NON VENTING) RESULTS SUMMARY
LIQUID LOOP GAS LOOP !

Tin Tout  Flew Ap Tin Tout DPin DPout Flow Ar
°c °g Kg/sec Kpa o ce °¢ °c °c m3/sec Pa
(°F) (F) (1b/br) (psi) (°F)_ (°F) (°F) (°F) (cfm) {in H,0)
6.1 7.2 3.01x1072 k.1 42.8 7.2 24 L 7.2 3h.3x10% | 161
(43) (45) (239) (6) (109) (45) (76) (45) (7.3) (.65)
6.1 7.5 7 3,00x10°% b 42.8 7.8 29,2 7.8 32.9q0-% | 161
(43) (u5) (239) (.59) (109) (u6) (8s.5) | (46) (7.0) (.55)
6.4 | 8a 2.96x10"2 %.0 2.8 8.9 29.2 8.6 e.7x10-4 | 136
(43.5) (46.5) (235) (.58) (109) (48) (84.5) | (17.5) (6.95) (.55)

T T T I T I T P

[N S

v 1 s Sk

FSTISROS——




TABLE D-6
STEADY STATE TEST RESULTS SUMMARY
FIRST SUBLIMA
POROUS PLATE NUMBER 2

it
pweng 71 (THNPANVLS NOLIINVH

L]

LIQUID LOOP GAS LOOP Total
Flow Delta P DPin Flow Delta P Heat Load
Tin ©9C| Tout ©C Kg/sec KPa Tin ©C Tout °C ocC DPout ©C m3/sec Pa Watts
(°F) (°F) - (1b/hr) (psi) (OF) (°F) (F) (°F) (cfm) (in H20) {Btu/Hr)
1.4 .8 3.04x10-2 5.4 21.1 2.5 10 3.3 2.8x10"3 87 114
(34.5) (33.5) (242) (.79) (70) (36.5) {50) (38) (5.87) {.35) (3%0)
‘1.7 1.1 3.00xi0-2 5.3 32.2 2.22 18.6 3.6 2.8x10-3 75 170
(35) (34) (238) | .(.78) (90) (36) (65.5) (38.5) (6.05) .3) (580)
2.8 2.2 3.02x10-2 5.1 42.8 2.8 33.1 3.6 3.1x10-3 100 134
(379 (36) (240) (.74) (109) (37) (91.5) (38.5) (6.5) (.4) (1,140)
5.8 3.1 3.10x10-2 4.8 22.2 4.44 9.2 4.7 2.8x10-3 75 393
(42.5) (37.5) (246) .7 (72) (40) (48.5) (40.5) (5.89) (.3) (1,340)
@ 6.1 3.3 3.00x10"2 4.6 - 33.6 4.2 18.6 L] 2.8x10-3 75 446
o g8l (43) (38) (238) (.68) (92.5)| (39.5) (65.5) (41) (6.05) (.3) (1,520)
i i 2
§ , ("] ' a 7.2 4.4 3.03x10~2 4.6 42.8 2.8 33.1 5.3 3.1x10-3 100 616
P gl 45 (40) (240) (.66) (109) | (40) (91.5) | (41.5) (6.6) () (2,100)
2 &
~ @1 10.3 5.6 3.07x10-2 4.6 22.8 6.7 9.4 5.6 2.8x10-3 70 783
&l (52.5) (42) (244) (.66) (73) (44) (49) (42) (5.93) (.28) (2,670)
11.4 5.8 3.02x10-2 4.4 33.3 6 19.2 6.7 2.8x10-3 75 798
(52.5) (42.5) (240) (.62) (92) (43) {66.5) (44) (6.05) (.3) (2,720)
12.2 6.7 3.02x10-2 4.2 43.9 6.7 31.% 7.5 3.1x10-3 112 938
(54) (44) (240) (.61) (111) (44) (89.5) {45.5) (6.5) (.45) {3,200)
12.22] 7.22 3.03x10-2| 5.0 43.33 | 10,00 32.78 | 10.0 2.7x10-3] 637 509
(54) (45) max{ {240) (.728 psi)|| (110) (50) max| (91) (50) max | (5.7 cfm} (2.8) maxd}- {3,100)
1%} inlet | out nominal max at Tin|| inlet outlet inlet outlet nominal at 43.33 M;x
@ = 12.220C (110°F) |} Load
0 (54°F) and DP =
32.80C
(91°F)
3 * *
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TABLE D-7
MISSION TEST (VENTING) RESULTS SUMMARY
FIRST SUBLIMATOR

POROUS PLATE NUMBER 2

LIQUID LOOP GAS LOOP
Tgn Tout Flow Delta P Tin Tgut DPin DPout glow Delta P
c ocC Kg/sec KPa oC C oc oc m>/sec Pa
(°F) (OF) (1b/hr) (psi) (CF) . (CF) (°F) (°F) (cfm) (in H20)
—~ 7.2 3.9 3.02x10-2 4.5 , 45 6.7 21.7 4.4 2.7x10-3 111
o (45) (39) (240) (.65) {113) { (44) (71) (40) (5.65) (.45)
= ,
% 7.2 4.2 3.0x10-2 4.7 46 5.6 24.2 3.3 3.0x1¢-3 123
2 (45) (39.5) (238) (.68) (115) (42) (75:5) (38) (6.35) (.%)
3l 6.9 4.2 3.1x10-2 4.3 |h4.4a | 5.8 23.9 5.6 3.0x10-3 148
g (44.5) (39.5) {246) (.63) (112) (42.5) (75) (42) (6.44) (.6)
o
2 12.2 6.7 3.12x10~2 4.3 | K5.6 7.2 28.6 7.2 3.1x10-3 136
S (54) (4.4) . (248) (.63) (114) (45) (83.5) (45) (6.49) (.55)
m .
ﬂ 10.6 6.1 3.12x10-2 4.5 ka.4 6.7 26.1 6.7 3.0x10-3 136
= (51) (43) (248) (.66) [[112) (44) (79) (44) (6.40) (.55)
7.5 4.4 3.1x10-2 4.8 Ba.4 5.6 24.4 5.3 2.9x10-3 136
(45.4) (40) ‘ (246) (.70) (112) (42) (76) (41.5) (62.7) (.55)

Time to start up - 20 Seconds
Time to shutdown - 2 Minutes
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TABLE D-8
MISSION TEST (VENTING) RESULTS SUMMARY
FIRST SUBLIMATORX
POROUS PLATE NUMBER 2

gzkgIlHNﬂﬂlllﬂ!ilﬂDlﬂlUl‘ﬂl

LIQUID LOOP GAS LOOP
Tin Tout Flow Delta P Tin Tout DPin DPout Flow Delta P
oc oc¢ Kg/sec Kpa ocC oC oc oC m3,sec Pa R
(oF) (°F) (1b/hr) (psi) (°F) (OF) (F) (OF) (cfm) (in H20) :
2.5 1.9 -3.0x10-2 5.0 40.3 3.1 29.4 3.9 2.7x10-3 87
(36.5) | (35.5) (238) (.73) (104.5) (37.5) (85) (39) (5.63) (.35)
2.5 1.9 3.02x10-2 5.0 41.1 3.1 29.4 © 3.9 2.8x10-3 87 g
(36.5) (35.5) (240) (.73) (106) (37.5) (85) €39) (5.69) (.35) £
6.4 3.6 3.05x10-2 | 4.66 41.1 4.2 23.6 5.3 2.7x10-3 87 -
(43.5) (38.5) (242) {.68) (106) (39.5) (74.5) (41.5) (5.74) (.35) .
o ]
;, N 6.4 3.6 3.05x10~2 | 4.66 41.9 ‘4.4 23.6 5 3,0x10-3 87 ‘ ,
o, Wl (43.5) (38.5) (242) (.68) (107.5) {40) (74.5) (41) (6.41) (.35) ] . |
13 ( e —
51 12.8 7.2 3.07x10-2 4.2 44.2 6.7 33.1 6.9 3.0x10-3 99 : ;
, (55) (45) (244) (.61) (111.5) (44) (91.5) (44.5) (6.44) (.4) ; ‘ i
o . ) |
b 9.4 5 3.05x10-2 4.2 42.5 5.6 24.4 5.8 3.1x10-3 99 X |
a (49) (41) (242) (.62) (108.5) (42) (76) (42.5) (6.54) (.4) i |
z : .
9.4 5 3.0x10-2 4.2 41.9 5.6 24.7 6.1 3.1x10-3 99 | —_
(49). (41) (238) (.62) (107.5) (42) (76.5) (43) (6.52) (.4) ; |
6.4 3.6 3.02x10-2 4.5 42.2 4.4 23.9 4.7 2.9x10-3 99 i 1
{43.5) (38.5) (240) (.65) (108) (4.0) (75) (40.5) (6.08) (.4) ' |
2.5 " 1.9 3.02x10-2 | 4.8 43.3 3.6 28.9 3.9 3.1x1073 99 i
(36.5) (35.5) (240) (.70) {110) (38.5) (84) (39) (6.55) (.4) e
— — |
Time to start up - 15 Seconds ‘
Time to shutdown - 4.8 Minutes
£ 3 y . . .

e it E it g di i e e

R T



TABLE D-9

MISSION TEST (VENTING) RESULTS SUMMARY

FIRST SUBLIMATOR
POROUS PLATE NUMBER 2

7
jovosng 4/\% GUVANVLS NOLTINVH

LIQUID LOOP GAS LOOP
“Tin Tout Flow bDelta P || Tin Tout DPin DPout Flow Delta P
oC oc Kg/sec KPa oc oC oC oc m3/sec Pa
(oF) (°F) (1b/hr) (psi) (OF) (OF) (°F) (OF) (cfm) (in H20)
3.1 2.2 3.02x10-2 4.8 43.3 3.9 © | 28.6 4.2 2.9x10-3 136
(37.5) (36) (240) (.70) || (110) | (39) [(83.5) | (39.5) (6.18) (.55)
6.1 3.3 3.0x10-2 4.7 42.2 4.4 23.1 5.3 3.0x10-3 136
o ™ (43) (38) (238) (.68) (108) | (40) [(73.5) | (41.5) (6.35) (.55) :
! «
. g 6.4 3.6 |3.02x10-2 | 4.7 42.2 | 4.4 24.4 5.6 | 3.0x10-3 136
2 (43.5) | (38.5) (240) (.68) (108) | (40) (76) (42) (6.39) {.55)
3 12.5 | 6.9 3.0x10-2 4.1 42.8 | 6.4 32.2 7.2 3.2x10-3 149 ;
Hl (54.5) | (44.5) (238) (.60) (109) | (43.5) | (90) (45) (6.76) (.6) .
[5)] ' ’ H
g 8.9 47 3.02x10-2 4.2 42.8 5.3 23.9 6.1 3.0x10-3 136 i
(48) | (49.5) (240) (.62) (109) | (41.5) | (75) (43) (6.4) (.55)
8.9 4.7 3.0x1072 4.2 42.8 5.3 23.9 6.1 3.0x10-3 136
(48) |(40.5) (238) (.62) (109) | (41.5) | (75) (43) (6.74) (.55)

Time. to start up - 20 Seconds
Time to shutdown - 4 Minutes

I R I T S S T T T AV P T A




W - R L T R LT I T T I e Ry e

POROUS PLATE NUMBER 1

TABLE D-10
STEADY STATE TEST RESULTS SUMMARY
——— SECOND SUBLIMATOR

¢1-a

IR Y T

TEST RESULTS

\ 551? GUVANVLS NOLTINVH

Rt 1]
- o UoRIAg

SPEC

LIQQ;D LOOP o GAS' LOOP 'otal
Flow Deita P Dpin Flow Delta P }lHead Load|

Tin ©C | Tout °C Kg/sec KPa Tin ©C Tout °C oc DPout ©C m3/sec Pa Watts
(OF) (OF) {1lb/hr) {psi) (OF) {OF) (OF) (OF) (c£fm) (in H20) |} (Btu/Hr)
1.1 .6 |3.02x10-2] 3.4 22.5 | 2.5 10.0: 3.1 | 2.7x10-3 38 117
(34) (33) (240) (.54) (72.5)| (36.5) (50) (37.5) (5.7) (.15) (400)
1.4 .9 3.02x10-2 3.8 33.1 2.2 17.8 3.6 2.8x10-3 38 167
(34.5) (33.5) - (240) (.56) (91.5) (36) (64) (38.5) (5.95) (.15) (570)
2.5 2.b 13.02x10-2 3.3 43.3 3.3 32.2 3.6 3.4x10-3 63 337
(36.5) 1 (35.5) (240) (.48) (110) (38) (50) (38.5) 7.27 (.25) (1,150)
4.7 2.2 3.02x10-2 2.9 22.8 4.4 11.1 5.3 2.7x10-3 38 370
(40.5) (36) (240) (.42) (73) (40) (52) (41.5) (5.7) (.15) (1,260)
5.0 2.2 3.02x10-2 3.4 32.5 4.4 18.9 6.1 2.9%x10-3 38 452
(41) (36) (240) (.5) (90.5) (40) (66) (43) {(6.3) (.15) (1,540)
7.8 5.0 3.02x10-2 é.? 44.1 6.7 32 6.4 ‘3.3x10‘3 75 636
(46) (41) (240) (.4) (111.5) (44) (89.5) (43.5) (7.08) (.3) (2,170)
9.2 4.4 3.02x10-2 2.9 23.1 7.5 12 11.7 2.8x10-3 38 674
1(48.5) (40) (240) (.42) (73.5) (45.5) (53.5) (53) {(5.8) (.15) (2,300)
10.3 4.7 3.02x10-2 2.7 32.1 7.5 18.9 8.1 2.9x10-3 50 815
(50.5) | (40.5) (240) S (.4) (91.5) ] (45.5) (66) (46.5) (6.3) {(.2) (2,780)
13.3 k 7.8 3.02x1.0-2 2.1 45.5 9.7 33.3 10 3.5x10-3 75 988
(56) (46) (240) (.3) (114) (49.5) (92) (50) (7.4) (.3) (3,370)
12.22 ( 7.22 3.03x10-2|5.0 (.728 43.33 10.00 | 32.78 | 10.0 2.7x10-3 | 697 909
(54) (45) max (240) psi) max (110) | (50) max (91) (50) max | (5.7 cfm)] (2.8) max}]! (3,100)

inlet | out nominal |at T, = inlet | outlet inlet | outlet nominal at 43.33 Max

" {12.238¢ (1100F) Load

(540F) and DP ="
32.80C.
- - {91°F)

R R S
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TABLE D-11
STEADY STATE TEST (NON VENTING) RESULTS SUMMARY
SECOND SUBLIMATOR
POROUS PLATE NUMBER 1

LIQUID: LOOP GAS LOOP _
Flow Delta P DPin Flow Delta P
Tin ©C Tout °C Kg/sec KPa Tin ©C Tout ©C oC DPout ©C m3/sec Pa
{OF) (QF)' (1b/hr) (psi) (OF) (OF) (OF) (OF) (cfm) (in H20)
7.2 8.9 3.02x10-2 | 2.3 43.3 8.3 3.2 8.6 3.3x10-3 50
(45) (48) (240) (.33) (110) (47) (90) {(47.5) (6.93) (:2)
6.7 7.5 3.02*10’2 2.3 43 8.0 26.7 8.0 3.0x10-3 50
(44 (45.5) (240) (.33) (109.5) (46.5) (80) (46.5) (6.45) (.2)
7.0 7.8 3,02x10-2 2.3 43 8.0 21.1 8.0 2.8x10-3 25
(44.5) (46) (240) (.33) (109.5) (46.5) (70) {46.5) (6.0) (.1)
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TABLE D-12

THERMAL CONTROL SYSTEM

MISSION TEST (ROOM START)

DATA SUMMARY

Ligquid Loop _ Gas Loo
Subl Subl Total
Flow Tin Tout Tout Flow Tin Tout Tout | TpPin | TDPout | Heat Load
Kg/Hr ocC oC oC M3/sec ocC oC ocC ocC oC Watts
(Lb/Hr) | (OF) (OF) (OF) (ACFM) (OF) (OF) (OF) (OF) (OF) (Btu/Hr)
‘110 24.7 24.7 24.7 |{2.9x10-3 34.7 24.1 25 18.6 18.0 |Pre sStart Up
(241) | (76.5) | (76.5) |(76.5) (6.25) (94.5) | (75.5) (77) (65.5) | (64.5)
110 3.0 2.8 2.8 |{2.9x10-3 43.3 9.4 4.7 28.9 4.1 270
(241) (37.5) (37) (37) (6.25) (110) (49) (40.5) (84) (39.5) (920)
110 7.2 4.7 4.4 |[2.9x10-3 43.3 9.1 5.6 23.3 5.6 510
(243) (45) - | (40.5) (40) (6.3) (110) (48.5) (42) (74) (42) (1740)
110 6.4 4.1 3.9 |l2.9x10-3 42.2 8.3 5.0 12.2 5.0 432
(241) (43.5) | (39.5) (39) (6.2) (108) (47) (41) (54) (41) (1475)
110 | 12.2 6.7 6.7 ||2.9%x10-3 42.2 9.7 6.9 7.8 6.7 789
(241) (54) (44 (44) {6.25) (108) (49.5) | (44.5) (46) (44) {2690)
110 9.7 | 5.6 5.6 ||2.9x10-3 42.2 9.1 6.4 9.7 5.6 623
(241) (49.5) (42) (42) (6.25) (108) (48.5) | (43.5) | (49.5) (42) (2125)
110 6.9 4.1 4.4 |[3.1x10-3 43 8.0 5.3 10.8 5.3 453
(241) (44.5) | (39.5) (40) (6.65) (109.5) | (46.5) | (41.5) | (51.5) | (41.5) (1545)
110 6.9 4.1 4.4 ||2.9x10-3] 43 8.0 5.3 | 10.8 5.3 462
(241) {44.5) | ¢39.5) (40) (6.25) (109.5) | (46.5) | (41.5) | (51.5) | (41.5) (1540)
& .
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TABLE D-13 ;
THERMAL CONTROL SYSTEM &
MISSION TEST (COLD START) [ ,
DATA SUMMARY 1 §
, ; :
! Liquid Loop Gas Loop ﬂ
: ‘ Subl ) Subl Total E
| Flow Tin Tout Tout Flow Tin Tout Tout |Tppin | TDPout | Heat Load
| kg/Br ~oC oc oC M3/sec oc oc oc oC oc Watts ——
(Lb/Hr) (OF) (OF) (OF) {ACFM) (°F) {OF) (OF) (OF) (OF) {Btu/Hr)
! 110 1.7 2.2 2.2 |]3.2x10-3 27.8 12.8 7.2 9.4 5.6 |Pre Start Up { - ;
(242) (35) (36) (36) (6.9) (82) (55) (45) (49) (42) i t’é :
110 3.9 3.3 3.6 |} 3.3x10-3 42 10.3 6.7 28.6 5 396 \‘\; ‘
(241) (39) (38) (38.5) (6.98) (107.5) | (50.5) (44) (83.5) (41) (1350) §
110 7.8 5.3 5.3 }]2.9x10-3 43.3 10.8 7.5 23.9 5.8 569 2
(242) (46) (41.5) | (41.5) (6.3) (100) (51.5) | (45.5) (75) (42.5) (1940)
o 109 7.8 5.3 5.3 | |2.9x10-3 44.5 10.3 7.5 23.9 5.8 587 i
L (240) (46) (41.5) | (41.5) (6.3) (112.5) | (50.5) | (45.5) (75) (42.5) (2000) |
o 108 7.8 5.3 5.3 | | 3.0x10-3 45 10.3 7.5 24.7 6.9 616
(238) | (46) (41.5) | (41.5) (6.4) (113.5) | (50.5) | (45.5) | (76.6) | (44.5) (2100)
110 14.1 8.6 8.3 ||3.3x10-3 45.6 11.4 9.4 32,2 8.3 1085
(241) (57.5) | (47.5) (47) (7.05) (114) (52.5) (49) (90) (47) (3700) |
109 10.6 6.7 6.4 ||3.0x10-3 44.4 11.1 8.9 23.2 6.9 798 _____
- (240) | (51) (44) | (42.5) (6.35) (112) - (52) (48) (75.5) | (44.5) (2720) |
109 10.6 6.7 6.7 | |3.0x10-3 44.4 11.1 8.6 24.7 7.5 795
(240) (51) (44) (44) (6.44) (112) (52) (47.5) | (76.5) | (45.5) (2710)
109 4.1 3.6 3.6 || 3.2x10-3 44.4 9.4 6.7 29.4 6.1 431 J
(240) (39.5) | (38.5) | (38.5) (6.72) (112) (49) (44) | (85) (43) (1470) \1 ‘ e
k3 N ) - !
110 4.1 | 3.6 3.6 {|3.1x10-3 44.4 9.1 6.4 28.3 5.6 402 i |
(241) (39.5) | (38.5) | (38.5) (6.52) (112), | (48.5) | (43.5) (83) (42) (1370)
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TABLE D-14

THERMAL CONTROL SYSTEM

MISSION TEST (HOT START)

DATA SUMMARY

SRR SCAR TR A AT TS

N R T T T R T T

Liquild Loop ) Gas Loop
i S Subl Subl ) Total
Flow Tin Tout Tout Flow Tin Tout Tout TpPin TpPout Heat Load
Kg/Hr oC ocC ocC M3/sec ocC oc oC ocC ocC Watts
(Lb/Hr) (OF) (CF) (OF) {ACFM) (CF) {CF) (OF) (OF) (OF) (Btu/Hr)
109 41.6 41.6 41.9 |{3.2x10-3 45 38 42.2 28.9 27.5 |Pre Start ug
{240) (107) [(107) (107.5) {(6.75) (113) |(101) (108) (84) (81.5)
109 4.4 | 3.9. 3.9 {l3.2x10-3 ¢ , 487
(240) (40) | (39) (39) (6.78) {120) (70) (50.5) | (82.5) | (44.4) (1,660}
112 8.9 6.4 5.9 ||3.0x10-3 | 40.6 1} 15.6 9.4 23.6 6.9 765
(246) (48) (43.5) (42.5) (6.38) (115) (60) (49) {74.5) | (44.5) {2,610)
109 13 8.3 8.3 |{3.4x10-3 46 15.6 9.7 32.8 8.6 1,093
(240) | (55.5) | (47) (47) (7.23) {115) (60) (49.5) {91) {47.5) (3,660)
108 35 9.7 6.1 6.1 |{3.0x10-3 45 13.6 | 8.9 24.1 8.3 792
(237) (49.5) (43) (43) (6.46) {(113) {(56.5) (48) (75.5) (47) {2,700)
108 7.5 5.3 5.3 {]3.0x10-3 45 13.0 8.0 24.1 7.2 651
(237) (45.5) {(41.5) (41.5) (6.46) (113)  |(55.5) | (46.5) | (75.5) (45) (2,220)
106 - 3.9 3.6 3.6 {13.1x10-3 | 44.4 | 11.7 6.4 28.9 5.6 457
(234) (39) (38.5) (38.5) (6.7) (112) (53) (43.5) (84) (42) (1,560)
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