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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 quantitative weighing of weight, volume, 
cost, complexity and other factors. The selected subsystem con­
tains a sublimatorfor 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. 
loUchael Rouen, Crew Systems Division of the NASA Lyndon B. 
Johnson Space Center, for his advice and guidance. 
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1.0 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 conditions 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-venting umbilical 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 year..·s. 

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 ~28 to 248 KPa 
(33 to 36 psia). 
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1.0 (Continued) 

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 nu~erous 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: 

1) Identification of the Evaluation Criteria 
2) Identification of the Candidate Concepts 
3) Screening of the Concepts 
4) Selection of the Optimum Concept(s) 

HRS CONCEPTS HRS CONCEPTS 
PRELIMINARY r--- CONFIGURATION t--r-

TCS CONCEPTS - TCS CONCEPTS 
t---

SCREENING OPTIMIZATION 
DEFINITION EVALUATION 

WMS CONCE:PTS 
PRE:LIMINARY 
SCREENING 

HCS CONCEPTS 
PRELIMINARY 
SCREENING 

LCG pRESSURE 
CONTROL CONCEPTS 
PRELIMINARY 
SCREENING 

LeG TEMPERATURE 
CONTROL CONCEPTS 
PRELIMINARY 
SCREENING 

TCS Concept Selection Study Logic 

Figure 1-1 
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(Continued) 

The HRS was evaluated in two steps to first, i~.e~~·,tify the viable 
concepts, and then to optimize the configurati0n 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 asses~ed 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 vblume. 
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 Therm~l 
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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1.0 (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 
corning from the suit passes through the LiOH canister and is cir­
culated by the fan through the vent loop portion 9fthe 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 (liquid 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 e?Cchanger. 

Coolant thermal control is achieved using the temperature control 
valve which varies the water flow to the LCG. LCG pressurization, 
and makeup is supplied by'the feed water circuit via a check valve 
bet\~een the two circuits. 

Water separation is accomplished in t~TO 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 I\Pa (4 ps1a). 

Detail designs were prepared for each subsystem compl,eting the 
Phase I activity. 
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1.0 (Continued) 

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
tem level development tests. The TCS tested complied with all 
applicable Work Statement requirements. After completion of the 
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. 

This system complies with all requirements, uses logical exten­
sion of proven Apollo technology, and was found to be best in all 
areas after an extensive study of existing and evolving technology. 
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IlAllliLtoM STANDARD 0 [)v&llla ........... 
2.0 INTRODUCTION 

In June of 1973, Hamilton Standard was awarded a contract to 
deve10r an Extravehicular Life Support System (EVLSS) Thermal 
Control System (TCS) which is operable in a zero "gil environment 
for eixtravehicu1ar 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 (~1S), Humidity Control Subsystem 
(HCS), and Water Transport Subsystem (WTS), and Phase II consist­
ing Qf 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. 
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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. 

c. 

d. 

Prepare detail drawings suitable for fabrication of a 
feasibility TCS. 

Fabricate the TCS hardware. 

Conduct subsystem and system development tests to verify 
compliance with Work Statement l:equirements. 
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4.0 DISCUSSION 

4.1 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, 
nSPC-75.T05. The Final report briefly summarizes the Phase I 
effort and provides a comprehensive description of the Phase II 
effort. 

Subsystem System Subsystem System Phase I 
Selection Selection r- Design ~ Design Study and 

Study Study Definition Definition Design Report 

Subsystem 
Fabrication 

Phase I 

Subsystem System System 
Test - Fabrication f- Te,st -

Phase II 

Thermal Control System Program Logic 
Figure 4-1-1 

, 
.' 

Final 
Report 

This report section is divided into the following subsections 
representing the major elements of the progra~ 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 LeG and EVLSS components 
requiring active cooling. 
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The detail requirements for the TCS are defined in a mini speci­
fication which is included ~n Appendix A. Table 4-1-1 is a sy­
nopsis of the TCS requirements and operating conditions. 

Subsystem and System Concepts Study 

This section of this report is a brief summary of the concept 
sele.ction 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-7S.TOS. 

4.2.1 Study Logic 

4.2.2 

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

Heat Rejection Subsystem (HRS) 
Water Management Subsystem (WMS) 
Humidity Control Subsystem (RCS) 
LCG Pressure Control (included in WMS) 
LCG Temperature Control (included in ~'S) 

The approach used in the investigation 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 LeG 
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 functional 
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TABLE 4-1-1 
TCS REQUIREMENTS AND OPERATING CO~DITIONS 

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-venting umbilical operation for up 
to 4 i 5 hour s . ' 

It must be operable and capable of rejecting the maximum ther­
mal 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 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 t,o 36 psia). 
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4.2.2 (Continued) 

concepts were screened to ic:1entify 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 sink 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 LeG 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 LeG. This 
ccmbination, although employing two independent sinks, may be 
packaged into a single heat exchanger, but the LeG and vent loops 
are not thermally interconnected. This is the schematic arrang.e­
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 possible; thus, this concept was 
rejected. 

The two vial: ~,~ heat exchange r arrangements were combined wi th the 
three HRS candidates for final subsystem evaluation. This evalu­
ation ,"onsidered 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. 

14 

l 



r r--- -~H ____ J ... . 01-

HAMILTON STANDARD ODV","."" 
~,~ 

LeG IN­

VENT _ 

LOOP IN 
, 

LeG IN--

SINK 

LeG PASSAGE 

VENT LOOP 
PASSAGE 

I OPTIONAL , 
I 2ND SINK I L _____ J 

,', , " 

FIGURE 4-2-2 

THREE-FLUID HEAT EXCHANl~ER 

SINK 

--LCG PASSAGE 

FIOURE4-2-3 

~ 
VENT 
LOOP 

IN 
, 

HX 

I VEJ'i'T 
t LOOP 

OUT 

TWO TWO-FLUID HEAT EXCHANGERS 

FIGURE 4-2-4 

-LeG OUT 

_ VENT 

LOOP OUT 

'..-LCG OUT 

TWO INDEPENDENT TWO -FLUID HEAT EXCHANGER 

15 

I 
i 

1 

I 
, 1 
! 

I 
1 
I 

1 
I 

1 

I 
1 

I 
1 
1 
j 
j 

1 
! 
! 

ii 
" 

i~ 
ii 
'I 
q 
!1 
" ~; 
q 
~~ 
l' 

" H 
I{ 
i? 
fj 
i.! 
i, 

\1 
j1 
~:1: 

11 

H 
Ii 
;1 
~~ 
H 
J.l 
P 

j 
,j 

f"~ 
n , 
" 1 ;"; 
'," 

j it 
t; 
i! 

1 " ! ~ 
H j i;t 
l' 

~ 1 
l~ 
tl 
~ 
"' I 



r 
! 

~. 
I l 4.2.2 (Continued) 

, 
i 
l 

I 

The pneumatic nozzle flash evaporator was found to be noncompeti­
tive from a weight, volume, and cost standpoint. A cylinder was 
found to be tne most competitive shape for the flash evaporator. 
A two two-fluid neat excnanger was found to be best for the flash 
evaporator, wnile 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, witn 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 
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. 

After exiting the flash evaporator, the cooled LCG flaw 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 
finned passage. The LCG loop is in turn cooled by feed water 
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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4.2.3 Water Management Subsystem (WMS) 

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 de~cribes how the three viable WMS candidates accom­
modate the gas saturated water after the WMS has been recharged. 

Bubble Expansion Tank s¥stem (Figure 4-2-8) - Following the re­
charge sequence, the ma1n reservoir will contain water and gas 
pr€ssurized to the same level as the vehicle water supply system. 
The bubble expansion tank which is isolat~~ 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 (Fi~ure 4-2-9) - This concept avoids 
the problem of having free gas 1n 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 02 supply pressure source pressurizes 
the stored water at its saturation pressure (the vehicle supply 
pressure) • 

Bladder Storage with Pressure Regulator (Fi*ure 4-2-10) - When 
this system is activated, the free gas in t e water maintains 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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4.2.3 (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. 

4.2.4 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 pi tot is t~he 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 the 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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4.2.4 (Continued) 

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 
retu.rned 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 4-2-15) - The slurper consists of a series of 
bleed holes located \~ithin the outlet passage of the condensing 
circu:Lt of the heat exchanger. and are manifolded to a common 
header. The slurper he~dsr 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 silica 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 

4.2.5 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 
e ffort at different work rates, the amount of cooling provided 
must be controllable in order to maintain thermal comfort. The 
f~ve LCG temperature control concepts listed below were evaluated. 

LCG Inlet Temperature Control 
LCG Inlet Flow Control 
LCG Loo~ Flow Control 
HRS Outlet Temperature Control 
Feed Wate r Flow Control 

Of these, the LCG inlet flow control shown in Figure 4-2-26 was 
identif ied as the optimum means o f providing LCG thermal control . 
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4.2.7 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,OOO/lb. 

0terability - Operability consists of an assessment of the ease 
o start up, shutdown, check out, recharge, and ground mainten­
ance of the TCS. 

Complexity - The concepts were ranked by a subjective assessment 
of. component functional and physical intricacy and the number and 
interrelationship of components in the system arrangement. 

'Reliabilit~ - This consisted of an assessment of the critical 
failure mo es 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. 
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4.2.7 (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 a 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 c\~mplexi ty 
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 

Component 
Concept Components Considered Rating 

1 Motor, Electronics, Rotary Separator 4 

2 Wick, 3 Way V~lve 2 

3 Motor, Electronics , Rotary Separa t or 4 

4 Rotary Separator 1 

5 Wick, 3 Way Valve 2 

6 Rotary Separator 1 

7 Wick, 3 Way Valve 2 

8 ~ J '20 Reg, 0 2 Reg, Wick, 3 Way Valve 5 

9 H20 Reg . 02 Reg, Wick , 3 Way Valve 5 

10 H20 Reg , 02 Reg, Wick, 3 Way Valve 5 

11 H20 Reg , Wick , 3 Way Valve 3 

12 H20 Re g , Wick, 3 Way Valve 3 

13 H20 Reg, WiCK, 3 Way Valve 3 

14 02 Reg, Controller , Wick, 3 Way 7 
Valve , Nozzle/Solenoid 

15 02 Reg, Controller, Wick , 3 Way 7 
Valve, Nozzle/Solenoid 

16 02 Reg, Controller, Wick, 3 Way 7 
Valve, Nozzle/Solenoid 
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(Continued) 

Component Rating 

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

Syetem Rating 

1 
2 
3 
4 

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 02 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 02 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 sub1imator 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. 

4.2.8 Liquid 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 llsed successfully in both the Apollo and 
Sky1ab 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 ~hrough 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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TABLE 4-2-3 
TCS EVALUATION SUMMARY 

Rating 
Concept No. Weight Volume Cost Operability 

1 2 1 2 .1 
2 3 3 2 .3 
3 2 1 3 .1 
4 1 1 1 .1 
5 3 3 2 .3 
6 1 1 1 .1 

~: ~ 
7 2 3 1 .3 
8 3 2 2 .2 

\ \0' 9 3 2 2 .2 
10 3 2 2 .2 
11 3 2 1 .2 
12 3 2 1 .2 
13 ... 2 1 .2 ~ 

14 3 4 2 .2 
15 3 4 2 .2 
16 3 4 2 .2 

" 

Complexity Reliability 

2 1 
1 2 
2 1 
1 1 
1 2 
1 1 
1 2 
3 3 
3 3 
3 3 
2 2 
2 2 
2 2 
4 2 
4 2 
4 2 

Total 

8.1 
11. 3 

9.1 
5.1 

11.3 
5.1 
9.1 

13.2 
13.2 
13.2 
10.2 
10.2 

9.2 
15.2 
15.2 
15.2 
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the rotary separator (Figure 4-2-32) did not represent a safety 

hazard because water flow from the gas separator ,Ls controlled by 

several orifices. Should this device fail, there would be a 

gradual, detectable builO 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

ized at 380 C (1000F) to 40.40C (10S0F). The hot start test sim­

ulated the worst case heat soak in the vehicle and assumed nc 

umbilical cooling of the system 0:1:' 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 

sub1imator. 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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(Continued) 

Constituent 

Metabolic Load 
LiOH Load 
Heat Leak 
Equipment Load 

Total 

TABLE 4-3-1 
SUBLlMATOR HEAT LOAD 

Minimum Load 
Watts Btu/Hr 

117 
o 

·-117 
70 

70 

400 
+0 

-400 
240 

240 

Maximum Load 
Watts Btu/Hr 

587 
162 

90 
70 

909 

+2,000 
+560 
+300 

240 

3,100 

During 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, LeG loop fins, housing, vent loop fins, and the vent loop 
end sheet isa 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 '0' 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 operation, 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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I 

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 ga~ 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 conf~gur­
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 th',= two units are as follows: 

The '0' ring seal and groove were eliminated and replaced 
by a gasket (A). 

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 min1m1ze 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 RCS 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. In 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 0.25 in. intervals 
located 0.050 f~om the fin was selected on the basis of the re­
sults of these ~ests and was incorporated in the first sub-
1imator (SVSK 87320). Performance testing of this sub1imator 
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 2~ 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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Water Transport Subsystem Feasibility Test and Design Details 

The selected WTS consists of a pump, temperature control valve 
(TCV) , gas separator, and vehicle umbilical connector. The pump 
selected for use in the TCS was a GFE Apollo PLSS pump (SV7l3867), 
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. 

The pump's maintainability was improved by redesigning the pump 
diaphragm retainer to make the retainer and diaphragm field re­
placeable. The rede~igned retainer (SVSK 90341) is shown in 
Figure 4-3-~0. 

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 lb/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 flow can be 
set after the valve is assembled by simply adjusting a stop, thus 
elirninating the need for indexing and matching parts. The use of 
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 ';;~'ooves 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 show. 
the predicted LeG flow vs handle position. There are detents 
every 15 degrees so there are 11 intermediate positions between 
minimum flow and maximum flow. The minimum flow to the LeG is 
controlled by setting the handle stop during the check out test. 

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. 

4. j. 4 Wate'l':' ~1anagement Subsystem Design Details 

4.3.5 

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 WHS. 

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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4.3.5 (Continued) 

It was concluded that 02 tank pressure, suit pressure, 022 vent 
flow, C022 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. 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 schematjc 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. 
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4.3.5 (Continued) 

The sublimator fan/rotary separator pump and gas separator are 
mounted on the canister reservoir which ~s, 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. 

4.4 Subsystem Fabrication and Development Tests 

I Each subsystem of the Tes was fabricated and tested at the sub-
r system level prior to incorporation in the Tes 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. 

4.4.1 Heat Rejection 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 LeG circuit with an epoxy. The sublimator details 
were then assembled with the core, and the u~it (Figure 4-4-1) 
was subjected to the development tests listed in Table 4-4-1. 

The pE:.~rformance 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 LeG delta T was main­
tained constant, and the inlet temperature was allowed to vary. 
(See T.able D-l in Appendix D for acttlal 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) 

Performance Oata 
Test Configuration Location 

Examination of Product Unit 1, Plat 1 N/A 

Proof Pressure Unit 1, Plat 1 /A 

LeakJ.ge nit 1, Plate 1 /A 

Steady State Test Un it 1 , Plate 1 Appendi x 0 , 
Table 0-1 

Mission Test Venting Unit 1, Plate 1 Appendix 0 , 
Tables 0-2 , 3 & 

Miss ion Tes t Non Venting Unit 1 , Plate 1 Appendix 0 , 
Table 0-5 

OFF Design Tests Unit 1, Plate 1 paragraph 4.4. 1 

Service Unit 1 , Plate 1 N/A 

OFF Oesign Tests Unit 1, Plate 2 paragraph 4.4.1 

Steady State Test Unit 1, Pla t e 2 Appendix D, 
Table D-6 

Mission Test Venting Unit 1 , Plate 2 Appendix D, 
Tables D-7, 8 & 

,' -" 

Leakage Test Unit 1, Plate 2 /A 
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4.4.1 (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 = 
(Btu/Hr) 

WLCG x Cp x 
(Lb/Hr) (Btu/Lb-·OF) 

(TLCGin - TLCGout) 
(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 = 
(Btu/Hr) 

Mass Gas Out 
(Lb/Hr) 

x Cp x (TVentin 
(Btu/Lb-OF) 

(Cp for Gas = .24) 

TVentout) 
(OF) 

Vent Circuit Latent Load 

QLatent = 
(Btu/Hr) 

Mass H20in 
(Lb/Min) 

where: 

Vin 

Vout 

hfg 

= 

= 
= 

(Ma8s H20in - Mass H20out) x 60 x hfg 
(Lb/Min) (Min/Hr) (Btu/Lb) 

= Inlet Flow (CFM) 
Vin 

Specific volume @ 

Specific volume @ 

Mass H.20out = Outlet Flow CFM 
Vout 

inlet dew point, Ft3/Lbm 

outlet dew point, Ft3/Lbm 

Heat of vaporization at average dew point 
temperature, Btu/Lbm 
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HAMILTON STANDARD G.OGIES,W 

4.4.1 (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-OOl which is included in Appendix C and consisted of the 
following tests. 

HRS Examination of Pr~duct (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 
ev~dence of deformation. 
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HAMILTON STANDARD O~~ -''''''ty 

(Continued) 

HRS Leakage (Unit 1, Plate 1) 

1 

The gas circuit was pressurized to 28.8 KPa (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. -

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 surrunary 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 
of the performance requirements of the Work Statement. The length 
of this test necessitated several start up and shutdown cycles. 
Thus, the uni.t was subjected to both nominal and worst case start 
up conditions. Under nominal conditions (gas inlet temperature 
22.50C (12.50F), inlet dew point 12.78oC (550F), and liquid inlet 
temperature 12.50C (54.50F», the liquid loop outlet temperature 
dropped below 7.220C (450F) within 30 seconds. Under extreme hot 
start up conditions (gas inlet 43.86oC (1110F), dew point 31.950C 
(89.50F), and liquid inlet temperature 38.890C (1020F», the liq­
uid loop outlet temperature dropped below 7.220C (450F) 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. 

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

The liquid 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
duc'ted. A sununary of the sub1imator 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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4.4.1 (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 following Off Design Tests were conducted: 

Exposure to vacuum with pre-wetted plate 

Performance at increased gas flow 

Performance at increased liquid thermal 10~d 

Performance with "0" ring removed 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 qifference 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 = 43.3300C (ll00F) TDP in = 32.22 (900 F», and the liquid inlet 
temperature was increased until breakthrough occurred. A plot of 
heat load vs the liquid loop 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 "0" 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.lloC (970F), DP in 28.06oC (82.SoF) 
and T liquid in= 11.lloC (520F), and the feed water flow was 
initia.ted. 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 e.i ther the plate or the heeLt 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 orQe~ 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 liquid 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 \wi th all of the performance requirements of the Work 

Statement, and the performap,ce using plate 2 was comparable to 

the performance achieved using porous plate No. 1 after taking 

into consideration the slight decrease in performance due to use 

of the undersized gasket. 
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(Continued) 

HRS Mission Test - Ventin2 (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 co/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. 

Afte~completion of" the heat exchanger core, the unit was assem­
bled ad 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 complied with the Work statement requirements 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. 
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Leakage 

Steady State venting 

steady State 
Non venting 

TABLE 4-4-2 

HRS TEST .. SUMMARY 
SUBLIf.1ATOR (SVSK-90302) 

~q\lration 

. unit 2, Plate 1 

unit 2, Plate 1 

unit 2, Plate 1 

unit 2, Plate 1 
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(Continued) 

After completion of the testing, the water traps placed at the 
tnlet 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 cil·~uit 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 (EC22l6), 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. 

104 

,~-, 

1 
I 
1 

j 
~ 

! 
1 
i 
1 
! 

1 
1 
'~ 



r 
h 

4.4.1 

,. 

HAMILTON STANDARD O~d ...... ". 
(Continued) 

H:RS Steady State - Non-Venting (Unit 2, Plate l) 

The liquid loop inlet flow and temperature were set at values 
representative of umbilical operation, the gas inlet temperature 
~as maintained at the maximum level, and the dew point was sta­
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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4.4.2 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 engineering 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-22l6), 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 KPa (14.7 psia) , 
and 129 KPa (18.7 psia). The results are included in Figure 
4-4-17. 
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4.4.2 (Continued) 

RCS Separator Performance 

------~. --r 

Separator performance was evaluated at both 27.6 KPa (4 psia) and 
129 KPa (18.7 paia). In each case, the main gas flow was set at 
typical operating values, and the water flow was indreased from 
no flow to 3.6 Kg/hr (7.9 lb/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 1.3-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)1 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 Ib/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 demonstra.ting acceptability for mission 
use. There was no carryover 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.S ACFM) was established. A separator 
water inlet flow Qf .6 Kg/hr (1.3 Ib/hr) was established and the 
separator outlet was shut off. The separator outlet pressure 
increased to 176 KPa (2S.S psig) at which point carryover was 
observed ih 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 
1.04 KPa (4.2 in H20) to 1.03 KPa (4.15 in H20). There was a 
3.S-watt increase in power due to the water passing through the 
fan. The unit had stabilized at these conditions until the gas 
circuit of the rig started filling with water at which point 
the test was terminated. 
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4.4.3 Water Transport Subsystem Fabrication and Development Test 

The WTS consists of a GFE pump, a GFE water diverter valve, a gas 
se,parator, 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 th~ 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 

The unit was installed in the test rig and charged with water. 
O~e 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 firs,t 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) w.ith no evidence 
of gas carry-over. 

Vehicle Umbilical Connector 

The vehicle umbilical conne)ctor was designed, fabricated, and 
assembled by the manufacturer of the Apollo PLSS mUltiple water 
connector. The unit (Figure 4-4-19) was sllbjected to the follow­
ing test series. 
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TABLE 4-4-3 
SEPARATION PERFORMANCE TEST RESULTS 

Water Flow De1taP Remarks 
Kg/Min KPa 

, 

(lb/min) (in H2O) (See Note) 
.1 

1.S6 1.05 A 

(4.1) (4.25) 

1.lS B 
(4.75) 

1.02 A 
(4.13) 

1.01 A 
(4.06 ) 

.99 A 
(4) 

.99 A 
(4) 

.99 A 
(4) 

1.24 B 
(5) 

.99: A 
(4) 

• 96!2 A 
(3.S8) 

.99 A 
(4) 

1.24 B 
(5) 

.99 A I (4) 

1.86 1.49 B 

(4.1) (6) 
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TABLE 4-4-3 
(Continued) 

water Flow Delta P 
Kg/Min' KPa 

(lblmin) (in H,O) 

1.86 .99 
(4.1) (4) 

1.24 
(5) 

.99 
(4) 

1. 36 
(:5.5) 

1.02 
(4.13) 

1.36 
(5.5) 

1.02 
(4.13) 

1.36 
(5.5) 

1.01 
(4.Q7) 

1.12 
(4.5) 

1.01 
(4.07) 

1.86 1.12 
(4.1) (4.5) 

A == No gas in separator 
B = Separating gas 
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4.4.3 (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 Connect 

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 w'as 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 lb/hr) 

even considering the connectors high pressure drop. 
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i' 4.4.3 (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. 

4.4.4 Water Management Subsystem Fabrication and Development Tests 
I 
r The WMS consists of a reworked Apollo PLSS auxiliary water tank, 
I 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, 

l, I. -
I.:J ..... 

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 lb). 

WMS Proof Pressure 

The gas circuit was pressurized to 41.6 KPa (6.04 + .01 psig) for 
six minutes with no visible deformation. The liqurd 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 
decreased until the flow stopped. The water flowed freely at an 
upstream pressure of 186.6 Pa (.75 in H20) and stopped flowing 
1N'i th an upstream pressure of 124.4 Pa (.5 in H20). This complies 
with. the requirement that the unit must flow freely at a pressure 
of 6.89 KPa (1 psi). 
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4.4.4 (Continued) 

Main Relief Valve Performance 

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

,I 

Cycle 1 Cycle 2 C:icle 

Pressure at which 342.3 KPa 338.8 KPa 338.8 
flow started (49.65 psig) (49.15 psig) (49.15 

Pressure at which 331.9 ]~Pa 331.9 KPa 331.9 
flow stopped (48.15 psig) (48.15 psig) (48.15 

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 

3 

KPa 
psig) 

KPa 
psig) 

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

C:icle 1 C:icle 2 C:icle =! 
Pressure at which 362.9 KPa 365 KPa 364 KPa 
flow ,s'tarted (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 psig) 
to 344.7 KPa (50 psig) , however, since the valve met the Work 
Statement intent of over pressure protection, it was not 
readjusted. 

~S 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 

, mission test. The basic recharge procedure utilized was as 
follows: 

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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4.4.4 (Continued) 

r 

C) The gas loop was pressurized to 27.58 KPa (4 psig) and held 

until water stopped flowing from the drain conn~ctor. 

0) The gas loop pressurization source and the expansion tank 

shuoff valve were closed, and the drain connector was 

disconnected. 

E) The unit weight was recorded. 

F) The water fill connector was connected, and the dump valve 

was opened. 

G) After the water pressure restabilized at 248 KPa (36 psia), 

the fill connector was disconnected and the dump valve was 

closed. 

H) The unit weight was recorded. 

The unit was then discharged as follows: 

A) The expansion tank shutoff valve was opened, and the water 

pressure was stabilized and recorded. 

B) The vent loop pressure was decreased to 27.58 KPa (4.0 psia), 

and the water pressure was recorded after stabilization. 

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

0) 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 reco+,ded 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) In a flight design, the number of activities required of the 

crewmen should be reduced by combining functions of valves 

and/or connectors. 

B) The gas loop must be vented during the recharge or it will 

be over pressurized. 
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WMS VENTING MISSION TEST RESULTS - FIRST RUN 

Water Pressure 

Q) "d~' 

~ Q) 0 -
Q) 1-1 "d +-I -ri tt1 
~ Q) tt1 Q) U Q) til ~ "d -ri 

+-11-1 +-I~ +-I.e: "d :> Q) ~ ~~Q) rJl 
.e:tt1 ..c::1-1 .e:u Q) 0 r-i 1-1 tt10~ 0. 
~.e: ~tt1 ~rJl 4-I"d 4-IS 4-Ir-I tt1 o.+-IQ) +-I 

-ri U ·ri ..c:: -ri ·ri 0 "d 0 Q) 0 0 ..c:: ~ ~ 0. ~. 0 
Q) Q)U Q)O ~ p::; U U ril..c::o Q).j.J • 
3:Q) 3: 3: +-I +-I +-I U) :>tt1"<l' 

Q) 1-1 1-1 1-1 .e:1-I ..c::1-1 ..c::1-1 1-1 1-1 Q) -
r-I .j.JO .j.JQ) +-IQ) ~Q) t/lQ) ~Q) Q) Q)~:> .e:o. 
U ·ri 4-1 -ri +-I -ri +-I -ri +-I ·ri +J ·ri +-I +-I +-I ~ r-I .j.J 0 ru 
~ ~ Q) ~ 4-1 ~ 4-1 Q) tt1 Q) tt1 Q) tt1 4-1 4-1 tt1 tt1 ·ri O.AI 
U ::> r£! ;:J ~ ::> ~ 3: s: 3: 3: s: 3: ~ ~ 8 :> 3: 14 .~ 

Kg Kg Kg Kg Kg Kg KPa KPa KPa 
(lb) (lb) (lb) (lb) (lb) (lb) (psia) (psia) (psia) 

1 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 i 

(45.07) (53.63) (45.16) (8.56) (8.47) (8.56) (36) (14.7) (4.1) ! 

J 

3 20.50 24.4 20.62 3.9 3.78 3.78 248 *See No·te I 
(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: Tests marked * run with water pressure gauge disconnected. 
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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 fill connector was left connected to 

verify the liquid loop pressure, the gas in the line forced 

add~tional 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 

with the expansion tank shutoff valve closed. The unit weight 

increased from 20.58 Kg (45.28 lbs) to 21.54 Kg (47.38 lbs) for 

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 

shutoff valves were opened, and the feed water and dump valves 

were closed. 

B) The feed water circuit was pressurized through the fill 

connector to 28 KPa (4 psig) with nitrogen. 

e) In turn, the LeG outlet fitting, LeG inlet fitting, umbilical 

outlet fitting, umbilical inlet fitting, LeG bypass fitting 

and LCG outlet pressure port fitting were uncapped, purged 

for five minutes and recapped. 

D) The LeG 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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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. 

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 
WMS. 

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 
every five minutes. When three successive readings were less 
than -17.8oC (OoF) , 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 11 
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 lbs) 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. 

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 

Q) ro s:: 
\J) Q) 0 -

Q) ~ ro +l ..... ItS 

\J) Q) ItS Q) U Q) (l)lI-Iro ..... 

+l~ +l0'l +l.c ro :> Qi O'l s:: 11-1 Q) til 

.!::1tS .c~ .!::u Q) 0 M ~ 113 os:: ~ 

O'l.!:: b11tS O'ltll II-Irtj II-IE: II-IM ItS '~+l Q) .-4-J 

• .... U ..... .!:: ...... r-! oro OQ) 00 .c ><::s~ s:: 0 

Q) Q)U Q)Q ,:x: p::; U U r£l.!::O Q) +l • 

S:Q) s: S:J,.:j +l +l +l til :>113~ 

Q) ~ ~ .c~ .!::~ .c~ ~ ~ Q) -
M +l0 +lQ) +lQ) tJ'IQ) 0'lQ) 0'lQ) Q) Q) ~ :> .!::~ 

u ..... 11-1 ..... +l ..... +l .,..j +l ..... +l ..... +l +l +lS::M +l01l3 

~ s:: Q) S::4-l S::4-l Q) ItS Q) 113 (i) 113 11-1 11-1113113 ..... 0 PI 

U O~ o,:x: O~ ss: s:s: s:s: ,:x: ~8:> S:H:'::: 

Kg Kg Kg Kg Kg Kg KPa KPa KPa 

(lb) (lb) (lb) (lb) (lb) (lb) (psia) (Qsia) (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) (8.581 (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 3.93 248 101.3 27.8 

(45.10) (53.62) (45.07) (8.52) (8.55) (8.64) (36) (14. 7) (4.0 ) 

5 20.48 I 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) ,--J36) (14.7) (4.0) 
- -- -

Note: Test marked * run with pressure gauge disconnected. 
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4.4.4 (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 Product (Final) 

There was no change from the initial examination of product 
except that the painted surface£ were slightly dirtier. These 
sur'faces \'1111 be cleaned when the TCS is assembled. 

4.5 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 gew 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 
load 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 , 
f 

The unit waS fr~e from visual defects and complied with the defi-
nition of the urit't. 
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TABLE 4-5-1 

.. ] 

TCS TEST SUMMARY 

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

Test 

Examination of Product 

Proof Pressure 

Gas Circuit Leakage 

Liquid Circuit Leakage 

Mission Test (Room Temp Start) 

Mission Test (Cold Start) 

Mission Test (Hot Start) 

System Pressure Rise vs Flow 

Umbilical Operation 

Deactivation 

132 

Performance Data Location 

N/A 

N/A 

N/A 

N/A 

Appendix 0 Table 0-12 

Appendix 0 Table 0-13 

Appendix 0 Table 0-14 

paragraph 4.5 

paragraph 4.5 
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4.5 (Continued) 

TCS Proof Pressure 

The gas circuit was pressurized with nitrogen to 42 KPa (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 sub1imator (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 (Scotchwe1d BC 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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(Continued) 

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

lima tor 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 requirements. 

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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4.5 (Continued) 

rate through the systems. The results of the test are sununarized 
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 40.6oC (lOSOF). 
The feed water flow was initiated, and performance was observed. 
For a few minutes after start up, there was a slight increase in 
the stearn header 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 
gas inlet pressures of 25.5 KPa (3.7 psia), 101.4 KPa 
and 129 KPa (18.7 psia) for engineering information. 
of this test are included in Figure 4-5-6. 

TCS Umbilical Operation 

flows at 
(14.7 psia) , 
The results 

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 -17.8oC (OOF). 
Dry out verification required only 15 minutes per circuit. 
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5.0 

1 

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 ~ublimator 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 performance 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 fut'ure system changes and 
component modifications. 
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6.0 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. 

~.43 

I 

,) 

j 

I 
j , 
J 

I 
l 
I 

I 
I 



1 
r I 

f ' 
HAMILTOII STANDARD 0 [M;ola 

- ....... 'w 

,1 

I ' 

APPENDIX A 

EVLSS THERMAL CONTROIi SYSTEM 

MINI SPECIFICATION 

LANK NOT ,FItJIld 
PRECEDlNG p~GE B ' 
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3.0 

3.1 

3.1.1 

3.1.1.1 

3.1.1.1.1 

3.1.1.1.2 

~I~----'r-I~' ___ "I_' _ 

~. . c' 'C", : ::Ce .. c. __ .•... ,.. J 

INTRODUCTION 

This "mini" specification defines the requirements for an 

Extravehicular Life Support System (EVLSS) Prototype Thermal 

Control System (TCS) which consists of a Heat Rejection Sub­

system (HRS), a Water Management Subsystem (WMS), a Humidity 

Control' Subsystem (HCS) , and a Water Transport Subsystem 

(WTS) • 

APPLICABLE DOCUMENTS 

MIL-STD-8l0B 

MSCM-8080 

t-iSC-SPEC-SD-W-0020 

REQUIREMENTS 

Performance 

Environmental Test Methods 

Manned Spacecraft Criteria and 
Standards 

Potable Water Specification 

Heat Rejection Subsys~ 

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. 

Oxygen Loop Parameters 

Operating Pressure 

The normal operating pressure within the oxygen loop will be 

25.5-27.6 KPa (3.85 + .15 p,sid) 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) • 

Maximum Heat Load 

The HRS shall cool the oxygen loop to 100e (500F) maximum 

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) pre$sure, 43.330C 

(llOOF) temperature and dew point of 32.78oC (9l0F). 
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3.1.1.1.3 

3.1.1.1.4 

3.1.1.2 

3.1.1.2.1 

3.1.1.2.2 

3.1.1.2.3 

3.1.1.2.4 

3.1.1.3 

3.1.1.3.1 

Minimum Heat Load 

The HRS shall cool the oxygen without freezing the condensed 
water with 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, 22.220C 
(720P) temperature, and a dew-point of 1.670C (350F). 

Pressure Drop 

The pressure drop in the oxygen loop shall not exceed 694 Pa 
(2.8 inches of water) under the conditions established in 
paragraph 3.1.1.1.2. 

Liquid Loop Parameters 

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). 

Maximum Heat Load 

The HRS shall cool the water loop to 7.220C (450 F) maximum 
with inlet conditions of .03 Kg/sec (4.0 lb/min) flow and 
l2.220C (540P) temperature. 

Minimum Heat Load 

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

Pressure Drop 

The pressure drop in the water 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 l2.780C (45-S50F). 

Start Up and Shutdown Requirements 

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 

Spillage 

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. 

3.1.1.3.5 Start Up Conditions 

3.1.1.3.5.1 Liquid Loop 

The HRS shall be capable of start up with liquid loop tem­

peratures from 10.0 to 37.78oC (50 to 1000F) and flow rate 

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

3.1.1.3.5.2 Oxygen Loop 

The HRS shall be capable of start up with oxygen loop condi­

tions of 10.0 to 37.78oC (50 to 1000F), dew point of 1.67 to 

29.44oC (35 to 850F), 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 ACFMf. 

3.1.1.3.5.3 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 1000F) 

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 H2 to a partial pressure 

of 3.33 KPa (25 rom 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. 
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3.1.1.4 

3.1.2 

3.1.2.1 

3.1.2.1.1 

3.1.2.1.2 

3.1.2.2 

3.1.2.2.1 

3.1.2.2.2 

Maintenance 

The HRS shall be capable o·f 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 
during 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 m1n1mum 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 KPa (3.85 + .15 psid) depending 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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3.1.2.3 Fluid Temperature 

3.1.2.3.1 

3.1.2.3.2 

3.1.2.4 

3.1.2.5 

3.1.3 

3.1.3.1 

3.1.3.2 

3.1.3.3 

Expendable Water 

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

Separated Water 

The separated water temperature will be .5~ to 32.220C 
( 33 to 9 OOF) . 

Fluid Processing 

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

Contamination 

The WMS shall not add contamination to the water to be 
supplied to the HRS. 

Humidity Control Subsystem 

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. 

Storage Capacity 

If the HCS stores the separated water, it shall be capable 
of holding a minimum of .77 Kg (1.7 lbs) of wat'Jr, and it 
shall have drain provisions. 

Separation Rate 

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

Slugging 

1 

I 
! 

The HCS shall either prevent condensate slugging, or it 
shall be insen$itive to slugging. 

j 

3.1.3.4 orientation 

The HCS shall separate water in any orientation with respect 
to gravity. 
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3.1.3.5 

3.1.4 

3.1.5 

3.1. 6 

3.1. 7 

3.1.7.1 

3.1.7.2 

HAMILTON STANDARD O~.,~ 

Oxygen Loop Parameters 

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 900 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 the.rmal 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 
SV7l3867 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 35cc/min. 
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3.1.7.3 Temperature Control Valve 

3.1.7.4 

3.l.7.4.l 

3.l.7.4.2 

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
ing to "full warm" and "full cold" shall be provided with at 
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 
quick disconnects, while the "full cold" position shall sup­
ply 109 kg/hr (240 lb/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. 

Umbilical Connector 

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 
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 
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. 

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 imode, the cross leakage between the backpack 
in port and backpack out port shall not exceed 2.3 kg/hr 
(5 lb/hr) with the backpack inlet port pressurized to 34.5 
KPa (5 psig). 

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 

3.1.7.4.4 

3.2 

3.2.1 

3.2.2 

Uncoupled Performance 

In the uncoupled mode at a water flow of 1.09 kg/hr (240 
lb/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 (S 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 1bs). 

Useful Life 

The useful life shall be a m~n~mum of 100 mission cycles or 
15 years, 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: pre installation 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 consumab1es, and stowage in 
vehicle. There may be as many as 600 EVA cycles during the 
useful life of the TCS. 
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3.2.3 Maintenance 

There shall be no maintenance between EVA cycles in a mis­
sion other than recharge of expendable water and discharge 
of separated water. Ground servicing between missions shall 
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. 

3.3 Natural Environments 

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 
will be designed to withstand the following environmental 
requirements: 

Temperature: 

Pressure~ 

Humidity: 

Sand and Dust: 

Salt Fog: 

Fungus: 

Acoustic Noise: 

Gas: 

Transportation -42.78 to 7l.lloC 
(-45 to +1600 F) 
Storage -37.22 to 43.330C (-35 to 1100F) 

o to 103.4 KPa (0.0 to 15.0 Psia) 

0-100% R.H. 

Per Method 510 Procedure I of boUL-STD-8l0B 

Per Method 509 Procedure I of MIL-STD-8l0B 

Per Method 508 Procedure I of MIL-STD-8l0B 

N/A 

Sea Level Ambient to 95 + 5% by Weight 
Pure Oxygen 

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 produotion 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 Induced Environments 

3.4.1 Operating Fluids 

3.4.1.1 

3.4.1.2 

3.4.1.3 

3.4.1.4 

3.4.2 

Liquid Cooling Loop 

The water in the liquid 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 liquid 
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 corne 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 rom/liter 
maximum and may be saturated with N2 and may contain H2 at 
a partial pressure of 3.33 KPa (25 rom Hg) and may include a 
bactericide. Depending on TCS configuration, the separated 
water may also be used as an expendable. 

Environments 

The TCS shall withstand the follo~ling environments induced 
by the spacecraft: 

Temperature: 

Pressure: 

Humidity: 

Gravity: 

Vibration: 

1.67 to 37.78oC (35 to 1000F) 

o to 103.4 KPa (0.0 to 15.0 Psia) 

o to 100% R.H. 

0.0 to 1.0 G's 

Lift-off, transonic and q 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 Hz. 
The vibration occurs for a duration of 70 
seconds per flight. 
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3.4.2 (Continued) 

3.5 

3.5.1 

3.5.1.1 

3.5.1.1.1 

3.5.1.1.2 

Impact Shock: 

Acceleration: 

Normal leadin¥ 3.3 g saw tooth pulse with 
a rise time 0 10 to 11 milliseconds and 
a decay time of 0 to 1 millisecond. 

Crash 20 g saw tooth pulse with a rise time 
of 10 to 11 milliseconds and a decay time 
of 0 to 1 millisecond. Unit need not oper­
ate subsequently. 

+ 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. 

Design 

Structural Requirement 

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. 

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. 

Expendable Water Circuit 

The expendable water circuit, with the water shutof.f valve 
closed, shall be cr.lpable of operating wi thin 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. 
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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 

I ··-~-l -j *-

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 psig) . 
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3.5.2 

3.5.3 

3.5.3.1 

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. 
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APPENDIX B 

THERMAL CONTROL SYSTEM 

INSTRUMENTATION STUDY REPORT 
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1.0 INTRODUCTION 

This reDort describes the reslllts of the Thermal Control System 
Instrumentation study. 

2.0 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. 

3.0 CONCLUSIONS AND RECOMMENDATIONS 

It was concluded that 02 tank pressure, suit pressure, 02 vent 
flow, C02 parti~l 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 't.emperature sensor be incorporated in the Thermal Control 
System. 

4.0 DISCUSSION 

The basic approach utilized for the EVLSS instrumentation study 
was to conduct a prelinlinary 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 sequence 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. 

1) 
2) 
3) 
4) 
5) 
6) 
7) 

Measurement 

02 Tank Pressure 
02 Total Pressure (PGA) 
02 ventilation Flow Rate 
C02 Partial Pressure, at Helmet 
Transport Water Temperature 
Battery Current 
Batte:ty Voltage 

B-1 

Warning 

Low Pressure 
Low Pressure 
Low Rate 
High Pressure 
No 
No 
Low Voltage 

Gage 
Readout 

Yes 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
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4.0 (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. 

C02 Partial Pressure 

High C02 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 C02 absorption. High C02 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 C02 sensor to dis­
playa different readout than a failed sensor. Since C02 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 
EVAW'ork 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 oxyy-en 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. 

If 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 C02 is 
measured at the point of inhalation. 

Battery Current 

Battery current level can be used to establish that all electri­
cal items are opera.ti'ng 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. 

Battery Voltage 

Batter~ voltage should be measured to 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. 
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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 C02 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) 

PCG Pressure - High 
Low 

C02 Partial Pressure - High 

02 Tank Pressure - High 

Low 

Ventilation Flow - Low 

water Temperature - High 
Low 

Battery Current - High 

Low 

Battery Voltage - High 
Low 

Water or Noxious Gas in 
Face Area 

Monitor 
Abort 

Abort 

Action 

Probable sensor failure. Continue 
EVA as suit pressure will indicate 
wh~n gas supply is depleted. 
Abort 

Abort 

Prepare to abort. 
Act to prevent freezing of 
sublimator. 

Pre egress, check that all items 
turned on. EVA, monitor or abort. 
Diagnose 

Monitor 
Abort 

Abort 
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I 

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 va,l,.ue. 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 qunatitative 
readout at the receiving station. 

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

Sensor 

Suit Pressure 

02 Tank Pressure 

C02 Partial Pressure 

Ventilation Flow 

Transport Water Temperature 

Battery Current and Voltage 

Location 

At the PGA 

At the 02 tank outlet 

Sampling just upstream of point 
of inhalation in the helmet 

In vent circuit 

At sublimator outlet 

Between battery and distribution 
box 

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

B-5 

i 

i 
J , 
I 

j 

1 
1 
1 

1 
I 
I 
I 
I 

1 
,j 

I 
J 
~ 

I 
.j .. _~.~"J: 

1 

I 
~ 

I 
! 



~'-'~.~~'......,.....~~'~'-..... "" 

f ... " ... ~ -' 
r-·"~' , 
1o. 

~ 

TABLE 1 
PRELIMINARY SYSTEM FMEA 

I tIl 
I 

m 

Failure Mode 

LiOH Dusting 

Smoke, smell, 
vomit, water 
globules in gas 
stream, etc. 

High Suit 
,Pressure 

Water in gas 
stream 

Fan/Separator 
motor fails 

Loss of both gas 
and water cooling 

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 

Feed water bladder Overpressure 
rupture through to 
pressurization line 
and gas circuit 

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 

... ----_. - .. '-~------... .-....; 

How Counteracted 

Abort on purge flow. 

Abort on purge flow~ 

Shut off 02. Abort on 
emer. Regulated flow,. 

Abort on purge flow if 
amount of moisture is 
intolerable. 

Shut 6ff separator. Abort 
on purge flow. 

Shut off fan separator. 
Abort on purge flow. 

Abort on purge flow. 

Abort on purge flow. 
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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 
wa.ter 

Lack of transport 
wa.ter 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 

How Detected 

Crew observation 

Crew observation 

Battery current 
and voltage 

02 tank pressure 
rate of decrease 

Battery current 
and voltage 

Visual 
Sui t feels hot .. ., 

Suit hot. Water 
temperature low. 

Suit hot. Water 
temperature low. 

Suit hot. Water 
temperature low. 
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How Counteracted 

Same as above or shut off 
pump intermittently. 

Cannot use EVLSS. 

Abort on purge flow. 

Abort on regulated flow. 

Monitor and shorten mission. 

Abort on purge flow. 

Abort on regulated flow. 
Shut off pump. 

Abort on regulated flow. 
Shut off pump. 

Abort on regulated flow 

I 
I 
o 
ri 
i 

":',:!"-.-r-

- ...... ~ 

l~-

.j 
~--l 

I ......... ~,~~ 

j 

~ .. _~, ...... ~ .... __ ._. __ ,..... ...... .... ... J 



t 
F 

~,. '. '.",'" .'~~---" r ': 
r-'''''''''' 
I 
f. 

tIl 
I 

00 

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. 
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How Counteracted 

Abort on purge flow. 

Do not initiate EVA. 

Abort on purge flow if too 
distressing. 
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Name and Failure Mode 

Suit Outlet 02 Connector 

Won't connect, due to dis­
tortion or contamipation. 

O:! Tank 
Press. 
III Use 
arLo 
Use Press. 

Vent 
PGA Press. Flow 

TCS -DETAILED FMEA 

Effects 

CO:! H20 
Press. Temp. 

Batt. 
Current 

Batt. 
Volts 

1!L k ..1!L. _H_I_ Hi La 1!L!.!L .1&.-
Other Symptoms 
and/or Ell "'.!!.___ TIme to EmeEg. Level 

Crew Obsen'aUon NA 
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Corrective Actions 

None, unless Crew can straighten or free the 
connector. TCS of no litrther use until 
repaired. 

Woo't disconnect Crew Observation NA Must leave TCS coupled to suit. 
Leaks When Uncoupled No Effect No Effect 
I.enks When Coupled • Xl X2 X3 Depends on n(lte Abort on rc!(Ulated O(lW 

Sult Inlet O~ Connector-

LCG Connector-

Won't connect due to dis­
tortion or- contamination 
Won't disconnect 

Same as Above Same analysIs as above 

Crew Observation NA None, unless Crew can straighten or free the 
Cannot use TCS connector. TCS of no further use until rePaired. 
Crew Observation NA Must leave TCS coupled to suit. 

Leaks when uncoupled __ ~e'\\'l!If'!_];"Jn Cabil'- _~ __ YA Cap~_o~t.aJl<!. the connector. 
Leaks when coupled X Gas and sult Ceel hot-unless Five minutes after Abort on purge Oow. Note that the tank bladders 

Vehicle UmblUcal Cmneclor 

Won't cooncct due to dls­
turtlon or contamlnatlon. 
Won't disconnect 

Leaks when uncQupled 

:Leaks when coupled, 
including adjacent 11MB 

n. External 

b. Internal 

Baiterr Connector 

Won't connect nr dl.emMct 

x 

x 

it seals with an Ice dam. feeling hot. prevent loss of Oz nt tanks after exhaustion of 
water. However. O:! would back flow through gas 
separator. Cas separator valve should be closed. 

Crew Observatloo NA Operate without vehicle umblllcai.(Less 
__ comCorlable) 

Crew Obsen'lltioo NA Further EVA depends on redundancy of vehicle 
umbilical nnd PLSS units. 

Cas nnd LCG Ceel hot, 
unless It seals with an 
Icc dam_ 

Crew observation when 
uncoupilng 

Five minutes (&!e 
remarks) 

NA 

Decreased flow rate in NA 
TCS 

Abort on purge flow. 

Recharge and slart up "ithouL vchlcle umbIlical 

Start up without vehicle umbilical. 

Crew observation NA TCS of no further use. In the case of "won't 
dlsconnect:'the TCS could b<l used l[ battery 

___ . ___ ~_~n bt3ct)arg~_~tin_plac~'_f_ 

-Subsorlpt. Indicate Ilrder of appearance d aymptoms 
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,;.~ Tank 
Press. 
HI Usc 
o~Lo 

Vent 
PGA Press. Flaw 

TCS DETAILED FMEA (Cont'd) 

Effects 

COz H20 Batt. Batt. 
Press. Temp. Current Volts 

Other Symptoms 
!!£!!l Name and Fallure Mode Use Press. .1!L .!&..k.. -!!L- !!!. Is. !!!.. ~ ~ and/or Elfect. 

'" ~ 

Battery Connector (Cont'd) 

Short Circuit 

Opel\ Circuit 

Dump Valve, 0" 

Woo't open, due to conlamina­
tion, seat s"",urlll!' or the like 

Woo'l clole 

Leaks (small leak), seat, 
stem, or "ousllll!'. 

Temperature Control 
Valve TCV 

Won't shIft due to 
cootsmlnaUm. 
lnternalleak due to seal 
deterioration. 

External.teak, stem, or 
housing. 

Feed_ter Valve 

Woo"t open, due 10 coola­
mlnatlon, seat swelling, 
or the Ilke. 
Won't close 

Xl 

~ 
~~ . 

X2 

.liq;Y~ 
~ ./j 

p~ .. ' 
~+ 
::'···.·d .. 

Xl X2 

X 

X3 

X 

Crew ob6ervaUon 

Crew observation 

?tUsslon would be 
shortened. 

Crew observation. Loss of 
abllitv to adjust coolilU(. 
Crew obset'\'3Uon that 
l'8I1gc o( adjustment of 
temperature is lost on one 
end of the band. 
Gas and LCG reel hot, 
unless leak seals with an 
Icc dam. 

Crew observnUon 

Crew obsen'3t!on.lnability 
to charge the TCS with 
water without loss o[ 
"'3ter throuRh sublimator. 

~ ..... ~ aeUISf!i~_I*ti" ia..i1iUito.. ~ __ .~~.~.; 
:,_,--,~_~ ___ , --...l __ ~~ ... -:"",,_~ __ ~ .• ___ ~...-__ -....~~. ____ •• _ 

~rime to Emerg. Level 

One Minute after Fan 
Stops 
One Minute after Fan 
Stops 

NA 

NA 

When pressure drops 
to 20.7 KPa (3. 0 psi) 

NA 

NA 

Five Minutes 

Five Minutes 

.~~ ............... ---.------~ 

"!' 
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Corrective Actions 

Scrub or abert rclsslon whenever low voliage 
is detected. 
Scrub or abort mission whenever low voltage 
is detected. An Opell circuit .... bich disables an 
instrument "ill be cmsldered under the 
Instrument entnt ill this am,lysis. 

May be able to relieve gas by depressing 
the Oz coupling poppet at a sult-to-TCS 
coupling. JC not, TCS cannot be cbarged 
rulb·. lItlsslonwould be shortened. 
May provide a cap for the valve outOow, 
useful for cleanliness purPOses as well. 
~ If there is a cap, the ,-alve failure 
would have no effect, ·'J',£less It is a stem 
or housinlr leak. 

Nme. Abort if discomfort is excessIve. 

Nooe 

Abert 00 purge Oow 

Scrub mission 

Scrub mission. TCS of no further usc until 
repaired. However. see remarks below, [or 
valve between tanks failing to close. 
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Name .nd Fatlu!'e Mode 

Feedwater Valve (Coot'd) 

Leaks internnlly due to sen! 
deterioration. 

Leaks externally (upstream 
leak). 

Downstl'Cam leak 

Valve Betwecn Water Tanks 

Won 't close (for charging 
phase). 

Won It OpeD 

Leaks Internally Ilue to 
seal deterioration. 

02 Tank 
Press. 
Hl Use 
or 1.0 

Use Press. 

TCS DETAILED FMEA (Cont'd) 

Effects 
----------------------------------

Vent C~ H2O Batt. Batt. 
PGA Press. Flow Press. Temp. Current Volts 
---------
.1!L 1.0 -1!L -1!L .ill. 1.0 HI Lo ..1!L 

x 

x 

Other Symptoms 
and/or Effects 

Crew observation of vt:t.1er 
escaping through the 
pOrous plate. 
Crew observation pre-e~ress 

Time to Emerg. Level 

During EVA thIs may go 511nnutes 
unnoticed until water is 
premalul'CIy exhausted and gas 
gas and LCG feel bot. 
Gas and LCG feel hot. 5 Minutes 

Crew observation. If 
charged without cloSing, 
subllmator may be over­
stressed on opening feed­
\vater valve. 
Crew observation. No 
cooling can be obtained 
from the TCS. 
If the leak Is signlficant, 
the porous plate would 
break through upon 
opening t.b feedwater 
valve. and be observed. 
The porous plate may be 
overstressed by t.he 
pressure or the water. 

NA 

NA 

NA 

Le::.ks externally Crew obseT\':ltlon wben NA 
(upStream leak). m __ .. _. __ '~ charglllli!i!... _______________ _ 
(D",."stream leak} Crew ubseT\"aUOIl wben NA or 5 Minutes 

x 

valve Is opened at con­
elusion of charging, If 
not noticed then. It would 
be det.ect ed when gas and 
LCG feel hot.. 

i-,";"""""'"'''''~"''"''''' .. 
~~~,....;~~ •• ~~ ............. ~ ............... ~_,.:..............~~.~_a._. ...... ~.~.. ._~ .:,.._ . 
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Corrective Actions 

Cootlnue the EVA mission, but shorten It 
to account for loss of water. 

Same as above 
Abort 011 purge flow. 

Abort on purge flow. 

Scrub mission, unless tests ha"e previously 
demonstrated the tolerance of the sublimator 
to overstresses oC the intenSity Involved. 

Scrub mission. TCS oC no farther use 
untU repaired. 

Scrub mlsslon, tmless tests have previously 
demonstrated the tolerance oC the subllmator 
to overstress of the intens:.~"" .. · involved. 

Scrub or shorten mlssloo. 

lC detected, contloue the mission, but shorten 
it to account for loss of ", ... ter. If not detected, 
abort 011 parge fiowwhen temperatures rise. 
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Harne and Failure Mode 

Gas Separator Valve 

Won't close 

Won't open 

Leaks internally 

Leaks el<ternaUy 
(upstream leak) 

(downstream leak 
before opelli!lg vahlel 
(leak after opening) 

• 

02 Tank 
Press. 

Hi Use 
or Lo 

Use Press. 

X2 

X2 

Effects 
--------------------------------------------

Vent CO2 H2O Batt. Batt. 
PGA Press. Flow Press. Temp. Current Volts 
----------
..1!L .!&.. ...l&- -ill- !!i!:Q Hi.1& ....!&...-

X3 :l4 Xl 

X3 J4 Xl 

Other Symptoms 
and/or Effects Time to Emem. Level 

Crew obseJ:"Vation when NA 
attempting to close prior to 
charging the TCS with water. 
'Effect would be to flood the 
air circuit with water 
during filling, which would 
be blown into the helmet 
area before the fan/sep. 
could pump it out. 
Crew observation when 
attempting to open during 
a startup. Effect would be 
possible pump cavitation 
and loss of liQuid flow. 
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 not pose a 
hazard of water ingestion. 
Crew observation of water 
leak. I( not noticed, it 
would be detected later 3S 

a pressure decay. after 
the valve is opened and 
the helmet is donned. 
Undl'tectablc loss of Oz 

NA 

NA 

NA or 5 minutes 

NA 

e .,. 
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Corrective Actions 

Scrub mission. TCS of no further use until 
repaired. 

Scrub mission. TCS of no further use until 
repaired. 

If the flow of water globules subsides, as it 
should "''he!> the feedwater pressure rapidly 
subsides to 02 loop pressure, the mission 
may be undertaken. 

Scrub mission. TCS of no further use until 
repaired. If not detected, abort on 
regulated flow when tempcraturesrisc. 

Mission woUld be When pressure drops Abort on regulated il'llw. 
__________________________________________________________________________________ ~sh~o~r~t~c~ne~d~.~ ______________ ~ID=2~O~.7~K~Pa~(~3~.O~p~s~i)~. ____________________________________________ __ 

Fill Connector and Cap 

Won't connect, due to 
distortion Or cont.'tmi-
nation 

Crew observation NA TCS of no further usc until repaired, since 
the fill and drain connectors are not inter­
changeable. 1£ the distortion has occurred 
on the vel:icle. further EVA depends on 
redundancy 01 vehicle fill connector. 
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Name and Failure Mode 

Fill Connector and Cap (Cont'd) 

Won't disconnect, due to 
jammillit 
Leaks when contiected 

Leaks when disconnected, 
TCS half. 

Drain Connector and Cap 

Won't connect, due to 
distortion or contamination 

Won't disconnect, due to 
jamminll' 
Leaks when connected 

Leaks when disconnected, 
TCS half 

Instrument Electrical 
Connector 

Cannot connect to RCU 

Cannot disconnect from 
RCU 

" 

~~:::::""";;,,,.~,,,=,,~, ' 

orLo 
Use Press. 

Vent 
PGA Press. Flow 

C02 
Press. 

H20 
Temp. 

Batt. 
Current 

Batt. 
Volts 

.l!L 1&... J&.. --.l!L Hi Lo Hi.J;,Q. ~ 

x 

x 

~lt._....,..~_.~Aa:_... ls' ........ ~ .............. __ ~_ .... ~._,~·_~..-..~:... .... ,,..,.... .......... ~~,.:.....:~: ..... _h~_,.::... .......... _'-' .. l_,;;;; .... 

,; .. j" •• -.......---, ~ 

Other Symptons 
and/or Effects 

Crew observation 

Crew observation 

Crew observation. If not 
noticed it would be d2tected 
when gas and LCG feel hot, 
unless leak seals with an 
ice dam. 

Crew observation 

Crew observation 

Crew observation. Loss 
o[ a certain amount of 
water into the airlock. 
Crew observation. If not 
noticed, then it would be 
detected when gas and 
LCG feel hot, unless leak 
seals with an ice dam. 

Time to Emerg.Level 

NA 

Five minutes after 
fee1i:Jg hot. 

NA 

NA 

NA 

Five minutes 
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Corrective Actions 

Further EVA depends on redundancy of vehicle 
fill connector and PLSS. 
Disconnect and reconnect to ar.temp~ to flush 
connector. If leak persists, continue charging 
unless leak cannot be mopped uP. 
The cap provides a redundant seal. Thus, 
there would be no problem unless a double 
failure occurred. 

TCS of no further use until repaired, since the 
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. 
further EVA depends on redundancy of 
vehicle drain connector and PLSS. 
If the water can successfully be mopped up, 
the EVA mission can be continued. 

The cap provides a redundant seal. Thus 
there would be no problem unless a double 
failure occurred. 

Crew observation upon NA TCS and/or RCU cannol be used until repair 
donninll' backpack. is accomplished. 
Crew observation upon NA Must leave backpack coupled I.e} RCU. 
doffing backpack. Note: The design may include suffiCient 

integration to eliminate tbis [allure mode. 
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<>2 Tank 
Press. Vent CO2 H2O 
Hi Use PGA Prens. Flow Press. Temp. 
or Lo ---_.'- ----
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Batt. Batt. 
Current Volts 

Other Symptoms 
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Item Name and Failure Mode Use Press. Hi Lo ..1!L -1!L Hi k Hi k ...b!L and/Q!" Effects Time to Emerg. Level Corrective Actions 

t tl:1 
I 
~ 
U1 

Instrument Electrical 
Ccnnector (Cont'd) 

Short circuit, pill to pin or 
open circuit 

Fan/Separator Switch 

Won't tum on 

Won't tum off 

Turns off inadvertently 

Switch at battery 
potential 

Pump Switch 

Won't turn on. 

X 

X 

o~ 
n:1~ 

'S~ 
~~ 
e~ 
\...-I~. 

~i 
~fA 

, ~'"~:e$f th'-.¢<~n~t,;:u::, ·:':;::!~:~S::-.; ::' .,:,:."; 

Xl 

X 

X 

X 

Xz 

X 

X 

X 

One or more instruments will 
saturate to high or low 
readout, depending on the 
circuits. Battery will be 
discharged prematurely. 

By observation of switch, 
or crew detects lack of 
feeling or ventilation flow 
and lack of hum of the fan, 
also. 
By observation of switch, 
or crew continues to feel 
now and hear the fan after 
switching. 
By observation of visor 
fogging. Feel lack 0-': 
ventilation. 
Shock felt, if switch touched 
with bare hands before 
donning gloves. 

By observation of switch. 
or crew doesn't feel the 
expected co01ing. 

See corrective action If a warning is caused, the indicated abort 
action must be taken if the failure occurs 
while on EVA, or scrub action if pre-egress 
on EVA. TCS and/or HCU of no further use 
until repaired. 

NA since it is 
detected prior to 
donuing helmet. 

NA 

One minute after 
fan stops 

Immediate 

NA since it is 
detected before 
being committed 
to EVA. 

If a warning is not caused, but measurements 
are abnormal, the action would be based on the 
apparent ahoormality unless a saturated 
instrument is outside of all possible failure 
()onditions. If the instrument failure is 
isolatable based on the type of readrut, a 
decision will be made on further action. 

Scrub the EVA. TCS of no further use until 
repair is accomplished. 

Shut off by disconnecting the battery connector. 
Can Qse the TCS (in degraded condition) bY 
use of battery connector as substitute or fan 
switch. 
Turn switch on if pOGsible. If not, abort on 
purge flow. 

TCS not to be used until repair accomplished. 

Scrub the EVA. TCS of no further use until 
repair is accomplished. 

. - ~:"~~--'- ~ ................. -' ~-~-. 
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Name and Failure Mode 

Pump Switch (Coot'd) 

Won't tum off 

Tums off Inadvertently 

Switch at battery potentIal 

Fan Separator 

Moonts break 

5e~s, separator to 
volute or volute to motor. 
Seals falls, separator 
water outlet 

Separator rotor loosens 
due to nut loosenIng. 

Separator rotor insert 
loosens 

02 Tank 
Press. Vent C~ H2O Batt. 

Hi Use PGA Press. Flow Press. Temp. Current 
ol:Lo --------- ---

Use Press. ...!!L ..k. J"Q... ~ HI Lo Hi ..1Q. 

x 

x x 

Xl X:! X3 

x 

-~"-

-~,,~.-.~::::.~.::.:.:::..:::.::~: -...;,....~.--~ 
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Batt. 
Volts 

Other Symptoms 
La and/or Effects Time to Emen!. Level Corrective Actions 

x By observation of switch, or NA Shut orf by disconnecting the battery connector. 
Can use the TCS (in degraded condltlon) by crew continues to hear pump. 
t:se of battery connector as substitute for 
pump switch. 

SuIt feels hot 20-30 minutes Tum s"itch on if possible. If Dot, abort if 
bodv temperature rIses. 

Shock felt, if switch touched 
with bare bands before 
dODning doves. 

Gas and LCG feel hot when 
water is exhausted pre­
maturely. 

The rotor stops turning, the 
motor may be jammed. The 
slurper water is fed back into 
the gas stream I and carries 
over into the helmet area 
QCcurS4 Fan may stop 
causIng vent flow and C~ 
sensors to Teact. 
Rotor could be jammed 
agaInst stator. S1urper 
water would then be fed 
back into the air stream 
and carry over into the 
helmet area would OCcur. 
Fan may stop causin~ CD" 
and vent flow sen~',t';r15 to 
react. 

Immediate TCS not to be used until repalr accomplished. 

Mounts are redundant. Three out of four are 
sufficient to hold the unit In ;>lace. 

When pressure drops Abort on regulated now. Flight design may 
to 20. 7_KPa(3. Opsi). have redundant sealing. 
Five ttiinutes after The. 4Kg(. 9t')of separator water adds to the 3.2Kg 
feelIng hot. (7.1Ii)mlnimum to be charged into the Shuttle back­

pack, to provide a 4- hr. mission. Note,however, 

Moisture can be felt 
as it gradually 
becomes worse. 

Same as above 

that the development TCS holds 3.8Kg(8.3#) of water. 
It is considered unlikely that the leak 
cause freezIng- of the separator outlet. 
Abort on purge now. 

Abort on Jlurge flow. Note that there normally 
is no water at the outer slinger dIsc. 

-~~ 
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Oz Tank 
Press., Vent CO2 

H! Use PGA Press. Flow Press. 
orLo ----------

Name and Failure Mode Use Press. ill .1!L l£.- -'iL 

Fan separator (Cont'd) 

Pitot clogs 

Separator central stator X X 
loosens 

Separator rotor fracture. X X 

Fan"impelle,. fracture X X 

HZO Batt. Batt. 
Temp. Current Volts 

Hi!.!! ill !&.. ~ 
Other Symptoms 

and/or Effects 

Water carryover. Slurper 
water is fed back Into the air 
stream and carry over into 
the helmet area 'occurs. 
It may rub against the rotor 
and slow lbe speed of the unit, 
causing lower gas flow and 
water carryover. 
Pieces could jam the unit I 
causing loss of gas flow. 

Time to Emerg. Level 

Moisture can be felt 
as It gradually 
becomes 'Worse. 

Depends on rate of 
increase of C02 
partial preSSUT;e. 

One minute after 
loss or gas Dow. 

Loss of gas flow. Same as above. 

cit 
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Corrective Actions 

Abort on purge Dow. Note: Redundant pitots 
will be considered for tbe flight design. 

Abort on purge Dow. 

Abort on purge Dow upon warning. Note: 
Containmenlanalysis or test'IIlust be carried 
out to prove that the case will not be punctured. 
Critical speed analysis is needed to ensure that 
the 'i:'?tating elements cannot come into vibratory 
resonance. 
Same as above. Note: Motor speed is 1790 rad,4;ec 
(17,700 RPM). Calculated borst speed is greater 
than 10,470 rad/sec(100,OOO RPM. 

-F~an--l~m-pe--ll~e-r-l~o-o-se-n-s-,-d~u-e--to--------------------------X~----X~----~------------------~De--c-re-a-s-e-o-r~lo-s-s-o-f~ga--S~D~O-w-.--~Sam~-e-a-s--a~bo-v--e-.--------Sa~m-eas~bGve. 

nut loosening 
Fan impeller rubs Impeller Is sufficlenUl rigid not to deDect. AxIal 

clearance is 2.58x10- m to 5.x10-6w,(0. 004" to 

__ -------------:--:--------------.------------------------------------------'-----------------------------__________________ -Co::.~0-0-8'...:')-.-R-a-dl-a1-Clearance is 1.9x1O- m (0.003"). 
Motor to volute bolts loo""n The connection is pinned to preserve alignment. 

Motor cover plate loosens J 

If Ilcrews loosen. 

Motor bearing wear, due to 
faulty lubrication or 
exhaustion oC nease. 
?ofator bearing selzes~ 

Lubricant vapor in air 
stream. 
Motot bcndng preload 
spring breaks or spring 
sUde Jo<ms. 

Motor shalt breaks 0 ;;;a 
8:;1~ 

. """ ___ --' C) 

o~ 
~'E; 
~~ 

X 

X X 

X X 

X X 

X 

x 

Decrease or lOBS of flow due 
to moving parts being 
jammed against 
stationary. 

Same as above. 

Speed of the unit slowed, Depends C';i rate of 
causing lower axis flow increase ~l 'C02 
and water carIYOV~r~_____ _ partiatpressure. 

The bolts are multiply redundant. 
Abort on purge flow. 

Abort on purge flow. 

Loss of gas Dow. One minute after Abort on purge Dow. 
loss of gas flow. 

No effect. Unit Is shimmed 
so that rubbing cannot occur, 
whUe still allowing for 
thermal expansion. 
Loss of gas flow. One minute after 

loss oC gas Dow. 

Rate of vaporizatioo. is minute. 

Abort on purge flow. Probabilily vel}'" small 
due to steady state strength margin. Analysis 
or test must be done for resonances . 

I _ 
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Item 

tD 
I .... 

CD 

02 Tank 
Press. Vent 

l'GA Press. Flow 
-_ .... _------- ----

CO2 H2O 
Press. Temp. 
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Batt. Batt. 
Current Volts 

other Symptoms 
Name and Failure Mode 

Hi Use 
arLo 

Use Press. Hi 1&.. ...12.... .2!L Hi Lo Hi Lo ..1:!L and/or Effects Time to Emerg. Level Corrective Actions 

Fan Separator (Cont'd) 

l'ermanent magnets come 
loose from rotor 

x x Motor probably will become 
locked. Loss of air flow. 
The cut-off will turn off 
power. 

One minute after loss 
of gas flow. 

Short or open in motor X X X One minute after loss 
windings. of gas flow. 
SI10rt or open in hall-effects X X X Motor will operate on one One minute after loss 
sensors of the two phases. Speed will of gas flow. 

decrease and current will 

&"1lsor plates loosen and move 
out-of-adjustment. 

Motor nul loosens and 
backs off. 

x X X 

increase. Decrease or loss 
of air flow. 
If the plates loosen, they One minute after loss 
probably will move enough so of gas flow. 
that speed decreases. There 
would then be loss of gas 
flow. 
No effect. The bearing 
will maintain the shaft In 
position. The direction of 
motion will tend to retighten 
the nut if it backs off enough 
to touch the housing. 

Abort on purge flow. 

Abort on purge flow. 

Abort on purge flow. 

Abort on purge flow. 

Armature [stator) members 
loosen. 

X X X Motor probably will become One minute after loss Abort on purge flow. 

Rotor jams against armature, 
due to contamination. 

Motor cooling cavtty leak 
,(external). 

Ll9H Canister 

X x 

X 

locked. Loss of gas now. orgas flow. 
x Motor will be locked. Loss One minute after loss Abort on purge flow. 

of gas flow. The cul-off will of gas flow. 
tu rn off power. 
Loss of water. Gas and LCG Five minutes after Abort on purge flow. 
become hot after fccdwater feeling hot. 
is exhausted through the leak. 

Cover won't open, or won't 
latch. 

Crew obsen'3.tion when NA 'fCS of no further use until repaIr 

Canisler jammed in canister 
due to swelling or contami­
nation. 

,:_':::.::::~:;:;:1S'·."'c~~~1;',~·, .... ·~;~ 

charging. a.<!.complished. 
Same as above. NA Same as above. 

• 

- .--""-.--~-----------.. 
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---I 
, , 

~,""'-"~~_l.~~",~ .. ",--... :,-"~",,,--'-"'-"""""""~-' .;;.._ • ..u.-. ....... ~~_,;.._~.~ .... '"~ .. "-..L-...o.o.._...:....:.....~_~,..;.... ___ ".~.L __ " .•. _~_. _.~~ __ ... _~_~ __ "-....._~. __ .-a.&.. ____ • __ • ---~.- •••• ~-~---,-~---..-~ ---........ -.---.-~-------. 

; __ J 



~;~! ..... '~~-I'~~,-·-~""'""""""".~· 

O:! Tank 
Press. Vont CO:! H2O 
HI Use PGA Pross. Flow Press. Temp. 
orLo ----------- ~---

[tern Name and Failure Mode Use Press. ill. k..!&.. .J:!L .ill Lo 

Ousts. due te faulty filter 
lind cxcesBlve po~eJ;ing of 
LiOH. 
Prematurely exhausted due X 
to previous use or exposure 
()f canister. 

In tcrnalleak 

Bcd channels X 

Wet canister due to 
respiration or perspiration. 

CQ'dtami!':,ated by vomit. X X 

i· \.0 External leal!: of canister X3 

Batt. Batt. 
Current Volts 

Hi Lo ....1&... 
Other Symptoms 

and/or Effects 

Oral nasal irritation. 

No effect unless severe. 
If severe CO:! level will 
climb. 
CO:! level will climb. 

None. Canister will absorb 
moisture eariy in mission 
and evaporate it later as heat 
is developed. 

No other symptoms. 

c 
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Time to Emerg. Level Corrective Actions 

No emerg. limit Aburl on purge flow. 

One minute after 
exhaustion of canister; 
but CO2 PP will rise 
before complete 
exhaustion. 

Aburt on purge flow. 

NA Abort on purge flow. 

Gradual rise of Abort on purge flow 
CO2 PP. 
NA None required 

One minute after flow Abort on purge flow. 
Is clogged. 
When pressure drops Abort on regniated flow. 

r 
l: 
I' 
h-.....~ 

, ! 
Xl 

or ad lacent lines. ="'_"~"'C., to 20.: 7 KPa (3.0 psi). 
~ 

Mounts break due to 
vibration. 

Sublimator and Slurper 

Poreus plate clogs with 
cont'lmlnant or corrodent. 

Porous plate fractUre due 
to overstress cycles. 

:Porous plate b'reakthrough, 
due to overpressure, 
thermalllveriolld or 
detetIOrlitedplate.~~_~ __ ~ 

't;:~:' "··:'''t':''''·~·H,*>'''-$·t<'!:''' .,,,_'f""" :.,~ 

.A X 

X 

X 

X 

~~~";~~ ............... ~~~ ... --~~~'--"'-......... ~'--• .....,..~ .... ---"-"-~.""-""---"-~ ..... ,, . .:..---.-~,<. 

Gas and LCG feel hot. 

Gas and LeG feel hot 
after feedwater is exhausted 
through the leak. 
Gas and LCG feel hot. 

Five minutes after 
feeling hot. 

Five minutes. 

Five minutes. 

Note: Design and development tesbng should 
be such that this failure mode bas insignificant 
probability. If it did occur. oxygen integrity 
might be lost. Low oxygen warnings would 
lead to abort. 

Abort on purge flow. liQ!£.: The temperatures 
at the sublimater outlet would increase 
g-raduallY over many mi ssions be fore the 
plate became fullv clogged. 
Abort on purge flow. 

May be pOssible to shut off and restart the 
sublimator. Otherwise. abort on purge flow. 

J 
- I 

-.-...... ~- ~ ___ .LL. ............. ~ ••• '-"_~_~_ ~--- j --~~ .--~ .... 
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Name and Failure Mode 

Subllma!Qr and Slur~r 
(Cont'dl 

Fcedwater leak, external 
(subllmator or adjacent 
Jines} 
Gas leak, e,nernai (subll~ 
mator or adjacent duct 
Including slurpcr water 
outletl 
Leak, transport water 
to fcedwater 
Leak, transport water 
to gas oltG'\lll 

Siurfl<)r holes plug 

Slurper bypasses 
aXcel!slVe nlr 

Slurpcr lOlls of hydrophilic 
coating 

MOllnliiiireak QU" <0 

vibration 

02 Tank 
Press. Vent CO2 H2O Batt. Batt. 

HI Use PGA Press. Flow Press. Temp. Curreot Volts 
arLo --------->-

Use Press. HI k ..b2... -BL- Hi .bQ. Hi Lo ....bL 

x 

Xl X:l Xa 

Other Symptoms 
aodlor Effects 

Gas andLCG feel hot after 
feedwater is exhausted through 
the leak. 
Effect 00 ventilation flow 
depends on size of leak and 
location of vent flow seosor. 

No effect 

Time to Emc_rg._Level 

Five minutes 

When pressure drops 
to 20. 7KPa(3. 0 pst). 

I{ the leak is small. the Gradual 
slurper may collect the water, 
If not, there "ill he water 
carI)'over to the helmet area, 
detected by seeing droplets 
on visor4 
Water carI)'over to the Gradual 
helmet area detected by 
seeing- droplets on visor. 
Decreased" ventilation flow Not critical 
to helmet, but not critical. 

Water carryover to helmet GradUlll 
area detected by seeing 
droplets on visor. 
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Corrective Actions 

Ahart on purge flow. 

Abort on regulated flow. 

If distressing, abort on purge flow. The leak 
rate could be reduced v1" stopped by shUtting 
ofC the pump. sacriflcing the LCG. Design 
precludes this failure mode. 

Abort on purge flow, 

Note: A:normal metabolic loads, flow is 
sufficIent 1£ helmet even if slurper were dI)' 

1.8 x 10-am3/see (3.0 efmc:!}-..:, ______ _ 
Abort on purge now. 

Xl X;:: X3 '",hen pressure drops Note: Design and development testing should 
to 20. iKPa (3,0 psi) be such that tills fai1ltrc mode has insigniCic1ll1t 

probability. If it did occur, Oz and H20 
e:x:tcrnalleakage might follow requiring short 
on pu rge flow. 

Leak, tmnsport "illet. X Gas and LCG feel hot, Five minutes after 
feeling: bot. 

Abort on purge now. 
external (sublImatoror unless leak seals with an 
!ldlac:ent lines) lee dam. 

02 Lin:; from Tank to TCS 

Exteroitllel1k Xl X2 Xa WlIcn pressure drops Abort on regulated flow. ____ ~ ________________________ .~ _____________________________________________________ .~m~2~0~.7~K~3.0psi~1.~ ________ _ 
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Num!!' and Failure Mode 

~ater Reservoir and Bladder 

02 Tank 
Press. 
Hi Use 
orLo 

Use Press. 

Venl CO2 H20 Batt. Batt. 
PGA l'rcss. Flow Press. Temp. Current Volts 

ill Lo.I:&- --ill.- Hi Lo ill. Lo k-
Other Symptoms 

.~and!or:EJfgcJs_._ Time to Emem:. Level 

" 
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Corrective AcUons 

Tank 02 lrok or Une 02 leak Xl X2 Xa When pressure drops to Abort on regulated fiow 
____________________________ . ______________________ ~~----------------~--~~~~~~~----~2~O~.7~~(3.0psi). 

Tank H20 lenk Or adjacent X Gas and LCG feel hot nfter Five minutes after 
Hne 1120 leak feedwater is exhausted through feeling hot 

the leak_ 
Hladder le:ak 

a. durln(t charging 

b. during EVA 

Bladder failure to elll full, 
dUe to BUcking or kinkIng. 

Oa!; outlet plugged bY 
bladder 

x 

x 

Floods all' circuit until gas 
pressure reaches water 
charging pressure. Water 
would be blown to belmet 
area (before donning 
belmet) when fan is started. 
Bladder may not be fully 
extended, and water may 
not be available. 
Unavailability of part of the 
water. Gas and LCG feel 
hot after feedwater no 
longer feeds to subllmalor. 

Will be detected 
before egress. 

Five minutes after 
feeling hot. 

Gas and LCG feel hot wben Five minutes after 
tbe water is prematurely reeling bot. 
exhausted. 

Abort on purge fiow 

Scrub EVA mission. TCS of no further use 
untU repair is accomplished. 

Abort on purge fiow. (Not likely, as gas loop 
pressure is equal to or greater than water 
pressure) 

Abort on purge fiow 

Prevented by design. 

WaleI' freezes Prevented by design, thermal anab'sls 
QysrpreSBure Prevented by relleh'llive 

E,xpansfon Tank and :Bladder 

TankOzLeak; 

T--;;~k H~O teak or leak In 
IldjMcnt IIzO Unli' 

Xl X2 Xa 

X Air and LCG feel hol after 
feedw' .. '''l' Is exhaus~d 

Wben pressure drops Abort on regulated now 
to 20. 7K~ {a. 0 psi). 
FIve minutes allel' 
CceUngbol 

Abort on purge flow 

"-"-----.----- --...." 

it·~.$_..,..'-...... ,---..-

... -,._--

----I 
___ ~ ____________________________________________ ~th~r~ou~gh~=lli=_~ l"eak~~ ________________________________________________________________ _ 
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Name and Failure Mode 

ExpanSion Tantt and Bladder 
(Cont'd) 

Bladder leak during draining 
and after opening' tank to tank 
valve. Also durln!l' EVA. 

:BJaddQr failure to 
collapse dllring 
draining 
Dlndderfailure to flU, 
due to sllcldng or 
kInkloll 

02 Tank. 
Press. 
Hi Use 

Vent 
PGA Press. Flow 

or La ----------

CO2 H20 
Press. Temp. 

Batt. Batt. 
Current Vol ts 

Use Press. !!L La .l&- ....1!L Hi La Hi b£. -I.E!.-
Other Symptoms 
and/or Effects 

No syml'l'lms during draining. 
Could prevent complete water 
expulsion and allow water to 
migrate outside the bladder. 
Tbls could result in blowing 
water into the oxygen lines 
when tank"to-tank valve is 
opened after the reservoir 
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 
waterllnavnilablllty, and 
the other is slugs of water 
blown into the helmet area, 
The slurper may be 
effective in removl.ng 
water. 

Time to Emem. Level 

Five mInutes after 
feeling-hot 

II this WeI'£' extensIve, N'A 
suhlimator breakthrough 
would be observed upon 
turn~ng on the su1!1~ __ ~ __ ~ ___ ,,_. 

- ... ----------~ 
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Correeti"e Actions 

A transient slu!l' of water to the helmet area 
prior to donning the helmet Is nol a SUfficIent 
evidence, since there are tither reasons whr 
such could happen. 

Abort ·on purge flow 

(Not likely as 02 pressure always equal to 
or greater than H20 pressure) 

Prevented by dt'sign 

II brealdhrougb occurs. SCM the, EVA mission 

........ ~-~-... ': 

1 

Water trcezcs _. _____ .~ ______ . Prevented !!y£'e • .:;s",ign>::,--:~_.,.--::_ 
P;r(>vented by reli£'f and chl.><:k "ah"(> Ove1"Pres!1ure 

Relief Valve and Check 
(EXpansIon Tank) 

Fanil to check 
Fails to relieve 

Same analyst!' as for water \'3.1"e internal leak 
This is !l Vt'ry unlikely failure mode and would 

___ ... ____ . __ .• ~,.sQ.n~lwa~s~~~on~d!.!;!a~I~lu~re~ ___ ~ _____ _ 

• >it 
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Name and Failure Mode 

Relief Valvo and Check 
(Exll!Insion Tank) (Cont'd) 

External leak 

Relief Valve and Check 
(Main Reservoir) 

Falls t.l relieve 

Falls to. check 
["temal, loale at less than 
relief pressure of 50 psi. 

Exlernalloak 

a. upstream of BCat 

b. downstream of sent 

02 Tank 
PreSS. 

HI Use 
or Lo 

Use Press. 

o~ 
~~ 
~~ 
~~ 
$;2.0 

t\ 
'''-

Vent 
PGA P,ress. Flow 
----------
!!L k .1&-

i~ ....... > ••• : \,.::. ........... ~ ....... _ .... , .. _.,~ .... ~~_ .. _.,~'-'_.,~::...:..,;.:.-:._~:,~~-",;..~ _._....:.... .. :'-.L _.~ 

CO2 H2O 
Press. Temp. 

-1!L Hi b2 

x 

x 

x 

Batt. Batt. 
Current Volts 

Hi Lo ~ 
Other Sumptoms 

andLor ,Effects 

Allows tank and entire water 
transport loop t.l become 
overpressurlzed in event 
of temperature Increase 
after filling. and before 
startlnlt the subllmator. 
No effect 
Crew observation of water 
escaping through the porous 
plate. prior to egress. If 
not noticed then it would be 
detected wben gas and LCG 
feel hot. 

Crew observation before 
turning on sublimator. If 
not noticed. then it would be 
detected when gas and LOG 
fecI hot, ur4"CSS leak seals 
with all ice dam. 

Crcw obsen'ation when 
sublimator is turned on. 
If not noUced then. It 
would be detected when 
gas and LOG feel hot unless 
leak seals with an Ice dam. 

TIm<Lto_~nterg.Levcl 

Hours or mlnules at 
elevated temperature. 

Five minutes after 
feeling hot. 

Five mInutes after 
feeling hot, 

FIve minutes after 
feeling hot. 

'--~"-~'---~"\C"-7/'~~~- _ __ :':"!"!!II 
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Corrective Actions 

Sarno analysis as for waler valve cxtemalleak. 

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

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

Abort on purge flow 

Abort on purge flow. 

""""'-.,.y''''''''-
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Name and Failure Mode 

Check Valve (feedwater 
replenishment oC transport 
water) 

Falls to open 

02 Tank 
Press. 

Hi Use 
orLo 

Use Press. 

Vent CO2 H2 O Batt. 
PGA Press. Flow Press. Temp. Current _ ... _-------
!!L 12.. ..1iL --1iL- Hi .1&. Hi. Lo 

x 

Batt. 
Volts 

~ 

Other Symptoms 
___ anJl/or J;:ffects 

LCG feels hot due to lack of 
circulation. Gradualloss 
of transport water through 
the gas separator would 
not be replenished and the 

__ ___ pump would cavitate. 
Falls to cheek No significant effect unless 

there is a leak in the 
feedwater system, in which 
case the fluld would also be 
lost from the transport 
loop. and eventually oxygen 
would be lost through 
reverse flow in the gas 

... _____ . __ .~_. __ . __ . ______ ~_ .. __ ~_._ separator. 
External leak: X Crew observation when 

charging the TCS with water. 
If not noticed then it would 
be detected when gas and 
LCG feel hot. 

Gas separator 

Time to Emerg. Level 

20-30 MInutes 

NA 

Five minutes after 
feeling hot. 
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Corrective Actims 

Abort on regulated flow. 

No action necessaxy for single failure. For 
double !allure. which would be signalled 
by a hJgh use of~, abort on purge flow. 
Oxygen might be coo served by sbutting off 
the gas separator valve. 

Abort on purge flow • 

Gas br(laks through 
screen. or scree en 
seals leak. 

X Pump may cavltat('. Loss 20-30 minutes Abort OTl purge now (for cooling effect). Note: 
of liquid flow. LCG feels The system tolerates a moderate amount oC 
hot. gas breakthrough, which can be caught and 

separnt('d In the next time around the loop. 
Screen ciogs x X Pump dead -headed. Loss 20-30 minutes Abort on purge flow (for cooling elIect) 

of liquid flow. LCG Ceels 
hoI. 

Orlficea clog X Gas "ill not be separated. 20-30 minutes Abort on pur.~e flow (for cooling effect) Note: 
Pump may cavitate. Loss Tbere are four orifices, each S x 10-0m (0.013") 
of liquid fiow. LCG feels diameter In parallel flow. Only one Is requlred 

___ .. ________________ .c_. ~~. ___ ._~ _____ ~ __ ~ hot. in_)zero-J;(. 

Externllllcllk of X Loss of water. Gas and Five minutes after Abort on PIU1;c flow. 
separator oradJa~enl LCG become hot after feeling hot. 
lines. Ceedwater Is exhausted 

through tll(!JeaJS~_.~~ __ 

.. 
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l!!m! Nama and Failure Mode 

Wale" Pump. Item 13 

lnverter failure due to a short, 
an open, unexpected cirC',L\t 
dynamics. or failed 
ciectronlc parts or electrical 
connector 

Press. 
Hi Use 
or 1.0 

Use Press. 

Vent CO2 
PGA Press. Flow Press. 
----------
.ill. 1&... .....!&...... -1!L 

H2O Batt. 
Temp. Current 

Hi ~ Hi1&... 

x 

Batt. 
Volts 

~ 

Other Symptoms 
and/or_1"rf~_ctl;_ 

LCG feels hot 

'l'imef'<LEmerg. Level 

Five minutes after 
feeling hot 

Torque motor failure due to 
contamination, electrical 
open'or short, mechanical 

x Reduce or stopped flow. LCG Same as above 
feels bot. 

J

'" ~ 
N' 
Ul 

~' 

fallure of armature or 
torque tube, orloosenlng.______ _ ________________ _ 
j\n Inlel check valve falls X Flow rale .is cut in half. 
open or closed LCG may feel bot. 

An outlet check valve fails 
closed 

.'\.n outlet cbeck valve fails 
aPen. 

Dl:\~bragm leaks 

X 

X 

X 

Overpressure conld destroy 
the adjacent diaphragm. (or 
stop the pump). Mter 
flooding the motor interior, 
the second diaphragm could 
become damaged, causing 
loss or flow. LCG feels 
hot. 
Pump flow would 
recirculate within the 
pump, resulting ill little 
or no output flow. LCG 
feels hot. 
The pump continues to 
operate. The motor 
cavity ,fills with water 
:lOd IUeaks from the 
motor casing. losing 
water. If the leak ,Is 
large, the "~,ater could o 0 be exhausted prematurely 

t:.j ~ and the gas and LeG would 

,---M:j~4~ feel hot. 

~~ 
.~~ 

l;~ 
£ita 

r--1: 1 

L"~,_,~~_~.~~_..;.,_~-~_....~~._.c..._ .......... , ___ . ____ ,, .. __ ,_" ... _, __ 

TndeGnite 

20-'30 minutes 

20-30 minutes 

rive mhulcs after 
feeilng hot. 
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Corrective Actions 

Abort OIl purge flow (fo, ~oling effect). 

Same as above 

1I1ay be able to cmtinue mission at reduced 
activity. Otherwise, abort. II body 
temperature has risen, abort on purge flow 
Otheniac, the abort coUld be carried out 
!In the T:;S. 
AOOrt on purge flow, for additional cooling. 

Abort on purge flow, for additional cooling. 

Abort on purge flow_ 
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llim!. Name and Failure Mode 

WaLer Pump Ite~il 13 (Contld) 

External leak, pump or 
adfucent llnes 

Mounts fall 

Trapped gas 

02 Tank 
Pressure 
--... -----
.ill k 

Vent CO2 H2O 
PGA Press. Flow Press. Temp. 

----------
Hi k ...1!L ..J!L Ht!& 

x 

x 

x 

Pump turned off by mistake. X 

J III , 
"" en 

03 Preflsure Sensor! PGA 

Drifts high X 

DrUU; low x 

Zero Output x 

.... _.,.., ...... ll';I.I_t~I'iI" _~; ........ .....:...'_~~ __ • ..:...."""-___ .~ ...... '"_~ .............. .; _ _ ~_~A .... _'""_.~ ......... ~ ...... _ ...... _-'"-~ •••. __ • 

Batt. Batt. 
Current Volts 

Hi k ...l&-
Other Symptoms 
andfor Effects 

The pump continues to 
operate. The motor cavity 
fills with water and it leaks 
[rom the motor casing 
losing water. II the leak Is 
large, the water could be 
exhausted prematurely and 
the ga>; and LCG would feel 
hot. 
This could leak to cracked 
tubes and loss of water. 
Analvsis s,,-me as above. 
Decreased flow rate. LCG 
may feel hot. 
LCG feels hot. 

The only effect on the system 
would be the apparent symp­
lorn of abnormally high 
pressure suggesting nn 02 
regulator failure. If the suit 
wrist gage indicates normal 
pressure and the suit relief 
valve does nol open, the 
pressure gage would be 
suspected of failure. 

Apparenllow pr(!ssure 
suggesting either a failed 
closed regulator or a groSS 
suit leak. 
See Corrective Action 

Time to Emerg-. Level 

Five minutes after 
feeling hot. 

Same as above. 

Indefinite 

About 2 minot"s 

Note: Even if trile, the 
suit .relief valve should 
prevent cataslrophic 
overpressure. 

When pressure reaches 
20. 7 KPa (3.0 psi). 

-.------.. ---~ 
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Corrective Actions 

Abort on purge flow 

Same as above. 

Abort on purge flow, for additional cooling, 

Tum on Pl!mQ. 

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

Ab<>rt on purg~ flow when appar~nt pr~ssur(! 
reaches a s~lected low level between 2(1. 7 KPa 
(3.0 psi) and 23 KPa (3. a psi) sinC(' a true 
~ might not allow Hme for fault Isolation. 
The transducer design may be such that zero 
pressure produces a sensor output. In this. 
case a zero output would announce a sensor 
or conditioner failure. Otherwise, tlus case 

;"':",.!'!-.,,_ .. ,-

~, ... ~--

I 
~-~~ 

I 

____________ ..1"'!-'·ou"-'!!l~d!r_' the same as for "drifts lo~~..:' ' _____ _ I 

l 
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~and Failure l\fode 

02 Pressure Sensor. PGA 
(Cont'd) 

FUll scale output 

COg &.'Ilsor 

Drifts high 

Drifts lew 

Zero output 
Full scale output 

0. Tank Pressure Sensor 

Drifts high 

02 Tank 
Pressure 

Hi 1.0 

x 

~---,.,~~""'"'"-"...:....-.---........ -

Vent CO:! H2O Batt. 
PGA Press. Flow Press. Temp. Current 
----------- ~----

ill k....b!L -.!!L Hi 1.0 H! 1.0 

x 

x 

x 

Batt. 
Volts 

.J;JL 
Other Syn:ptoms 
and!orl:I!C!'.!!L 

See corrective action 

Increasing pressure when 
it should be a,;,crea!ling 
suggests Jailed sensor. 

_~ • ......,. .... _____ - __ ,. __ . ______ ~ ....... _.4.~~' __ .,~, ...... ~~. __ ._ ~ ____ ..... _~. 

Time to EmerR". Level 

See Corrective action 

See Corrective action 

Seconds, If value 
were true 

NA 

• 
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Corrective Actions 

The transducer design may be such that 
infinite pressure would create a maximum 
finite output. In this case, a full scale output 
would announce a sensor or conditioner failure. 
Othenvise, this case would be the same as for 
"drifts high". 

If th~ aPPilrent CO:! partial pressure rises to 
15 mm, abort should be initiated, eventhough 
this miltht be a false alarm. 
An abnormally ~ow CO2 reading in itseU 
suggests possibility of Instrument failure, 
depending somewhat on the location of the 
sen~or. l'be most important place to measure 
C02 partial pressure Is at the ;><lint of crew 
inhalation. The sensor offers maximum 
protection at this point, giving the overall 
effect of v'.lI>ti:AUon and COz absorption. 
The response of the Instrument may be checked 
by shutting off the fan lor 30 seconds. l! 
the apparent CO:! level rises, the ''lilue reached 
could be employed as a new limit. If the 
instrument does not respond, an abon decision 
would be made. 
An abort decision would be made. 
Abort on purge flow. 

Response if sensor j~ decreasing I>re~sure 
may be checked by opening the purge ,\ll.lve 
bIieI1y. Note: other components shield 
the 02 tank anc prevent large pressure 
Increase even though thermal shield is 

____ . .J:lamaged. 
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!!£!!!. Name and Failure Mode 

02 Tank Pressure Sensor 
(Cont'd) 

Drifts high (Cont'd) 

Drifts low 

O:! Tank 
Pres6ure 
---------
!ll. k. 

X 

Vent 
PGA Press. Flow 
----------
Hi ...!ill. ..b.L 

CO2 H2O Batt. Batt. 
Press. Temp. Current Volts 

--1!L Hi Lo Hi k --ML 
other Symptoms 

and/or Effects 

A gradual drift not quite off­
setting a true decrease of 
pressure could result iu 02 
exhaustion without detection 
until PGA pressure began to 
be involved. However, this 
would require double failure. 

Time to Emerg. Level 

When PGA pressure 
is down ro 20. 7 KPa 
(3.0 psi). 

Falsely indicates higher If a true value, when 
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Corrective Actioos 

Abort on purge flow. Mission should receive 
intensive mouitoring if extended beyond 
expected Oz supply period. 

Abort on purge flow. 

~ 

"t , . 

than normal rate of 02 PGA pressure Is down 
______________________________________________________________________________ ~u~sag~=eL.~s~ug~~e~s~t~iug~~a~l~e~a~k~. ____ t_o_2_0_._7 KPa(3_._0_P_S_i_)_. __ ~------~_=----------------~~-----------

Falsely suggests massive Same as for 02 pressure sensor, PGA. Zero output 

Full scale output 

J 
IJj 02 Ventilation Flow Sensor 
I 

'" IX) Drifts high 

Drifts low X 

Zero output X 

Full scale output 

H:l0 Teml!!lrature Sensor 

Drifts high X 

~ 

;:-:'c;;::::rt::.,.-r!:"~~r-;:::;u-.<·.--~~-~· , 

~, ..... ~ .... ~ ....... _ .. ~ ...... ~......, .. , •• ~ ........... _u:J._.~< ....... "'..1.....o_...._. __ ... :.;. ....... ~...;...-' .... "' ....... ~ ................. .I.'_~.~ __ ;~ ..... ..c •. l~~ 

loss of <h. 
Falsely indicates extreme Same as for Oz pressure sensor, PGA or 
pressure increase. same as for "drifts hmh". 

Depending on location of 
sensor, a high reading 
could falsely indicate an 
external leak. 
Falsely snggests a 
failure of air circulation. 

This falsely suggests 
failed fan or clogged loop. 

This falsely suggests a 
massive external leak. 

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

If value were true, 
time could be 
in seconds. 

If value were true, 
may be less than 
one minute. 
Same as above. 

If value were true, 
seconds. 

Indefinite 

Abort on purge flow. 

Abort on purge flow. 

Same as for O:! pressure sensor, PGA. If zero 
output can possibly mean zero flow, abort on 
purge flow. 
Abort on purge flow. 

The temperature sensor normally supplies 
advance warning of exhaustion of feedwater 
before the LCG 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 
,,_,,_~--,- __ ,_, ._' ___ .. _____ ._.~ __ --, _' -' __ ,_~~~ __ ~ ___ J 
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Name and Failure Mode 

H20 Temperature Sensor 
(Cont'd) 

Drifts low 

Zeto Output 

Full scale output 

Battery Current Sensor 

One of the two resistance 
elements fails "open". 

One of the resistance 
elements shorts to the other. 

Voltage Sensor 

Falsely indicates low 
voltage. 
Fails to indicate low 
voltage. 

02 Tank 
Pressure 

ill- k 

Vent CO2 H2O 
PGA Press. Flow Press. Temp. 
----------
Hi Lo ....!A -1!L. Hi 1.0 

x 

x 

x 

Batt. Batt. 
Current Volts 

!!L k ...b!L 

x 

x 

x 

Other Symptoms 
and/or EUects, 

This falsely suggests lack 
of transport water flow. 
In start-up it could indicate 
sublimator action when 
none had occurred. 
See corrective action 

See corrective action 

Time to EmerR:. Level 

fudefinite 

Apparent doubling of normal Indefinite 
current, while voltage 
remains normal. 

Apparent low current while 
voltage and other functions 
are normal. 

NA 

,_,_'"""' __ ..... -..._.~~ ....... ~ __ .-<-_~~ ,"0>-
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Corrective Actions 

The mission may continue under more frequent 
monitoring. 

Same as for 02 pressure sensor, PGA, 
Q!: if zero output can possibly mean extremely 
low temperature, the mission could continue 
with minute-to-minute monitoring until the 
instrument failure was evident. 
Same as for 02 pressure sensor, PGA Q!. 
same as for "drifts high". 

Monitor voltage as a function of time. If 
voltage tl'lice behaves normally, the failure 
of the current sensor would be indica'.ed. Note 
that if both resistance elements open, a 
complete loss of power would occur. Current 
would go to zero, while voltage remained high. 
Warnings would be deactivated. High voltage 
and "no-current" should thus be arranged to 
cause a warning, as well as low voltage alone. 
Increase frequency of monitOring, and Ilrepare 
for abort if. any evidence of performance loss 
appears. 

Abort on purge flow. 

If battery current sensor has indicated 
normal currents, but voltage trace does not 
decrease near end of mission, voltage sensor 
would be suspected and mission would be termi-

_ ,., nated early, to ensure that power is not lost. 
Smoke, smell, vomit,water t::ifI ~ Crew observation Abort on purge flow. Shut off fan and pump. 
globules i\lair stream, etc. , ~ 
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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 is 1I0ffll 
Check that fan is 1I0ffll 
Connect and lock battery cable 

TCS Sequence for Charging 

TCS 

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 02 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 

Sequence for Start Up 
Enter pressurized airlock 
Don suit without helmet 

Connect 02 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 
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) 

~l -~'-' ---j--- ~~--l~' 

.~_ ... - ~~-,-,.~~_-.:;: ...... .,.._".~.~,"," -':'.4~ , 

Check all instruments, warning flags, and telemetry 
Verify 02 total pressure 
Verify C02 partial pressure 
Verify H20 temperature ' 
Verify battery cu,rrent and voltage 
Verify 02 is "on" 
Adjust to achieve comfort 
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APPENDIX C 

SUBSYSTEMS AND SYSTEM 

DEVELOPMENT TEST PLANS 
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THERMAL CONTROL SYSTEM 

HEAT REJECTION SUBSYSTEM 

DEVELOPMENT TEST PLAN AND PROCEDURE 
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TCS-l 

1.0 INTRODUCTION 

1.1 Purpose 

1.2 

1.3 

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 item is the Thermal Control System Heat Rejection Subsystem 

which is defined schematically in Figure 1. The test unit is defined 

by drawing SVSK 87320. 

2.0 APPLICABLE DOCUMENTS' 

Drawings 

SVSK 87320 Sublimator - Assembly and Details 

Standards 

MIL-O-272l0 Oxygen Aviators Breathing, Liquid and Gas 

MIL-P-27401 Propellant, Pressurizing Agent, Nitrogen 

Specifications 

NASA -----..-

MSC-SPEC-C2l 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-3 

11 

1 
I 
I 

! 

I 
1 
1 

i 
l 
l 

1 
'; 

1 

I 
1 
j 
1 
1 
1 

1 
1 , 
I 
j 

J 

I 
.:.1 

-- ~ 
,._,~,",'L" ___ ,_,·_.~._. ___ .,'~ .~ ... " ... , ... ___ ~ ... _ .• _ .. ______ ~.;,."., __ ~, _____ .c~ ___ ._,_... __ ....:.."_.i.;..:' •• ~~M_'~'='."~_,~~:_ci;;.,~:..~.-'-< ........ ;.,,;......~........;~ 



~. I 

I 

, : 

f 

I 

3.0 TEST SEQUENCE 

Sequence 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

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 

TCS-l 

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 

4.0 SPECIAL INSTRUCTIONS 

4.1 Rigor 

4.2 

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. 
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TCS-l I 
4.3 Control of the Test Item 

4.4 

4.5 

4.6 

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 limited to, the following data: 

a. Test Title and Procedure Section Number 

b. Date 

c. 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 Reguirements 

Nitrogen conforming to MIL-P-2740l and oxygen conforming to MIL-O-272l0 

shall be used during testing specified within this docu~ent. This gas 

shall be filtered through a 15 micron absolute filter. The water lised 

dUring these tests shall be distilled and demineralized per MSC-SPEC-C21 

with the following exceptions: 
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(Continued) 

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

50-100 ppb. 

2. Total solids shall be 3.5 mm/1iter maximum. 

3. The particulate contamination shall be as follows: 

Particle Size Range 
(Microns) 

0-25 

25-50 

50-100 

100-250 

250 

Fibers 

100-250 

250-400 

400 

Maximum Number of Particles 
Per 100 ML 

Unlimited 

2,100 

.100 

4 

o 

Maximum Number of Particles 
Per 100 ML 

1 

1 

o 

4. The PH range shall be 5.5 to 7.5 at 250 C. 

5. The following subparagraphs of MSC-SPEC-C2l 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 1550Cl. 

NOTE: Wa ter c 1 ea ned per SVP 114 meets the requ i rements above. 
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5.0 DEVELOPMENT TESTS 

5.1 Examination of Produc! (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; wi 11 be recorded duri ng the tes t program. 

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 Liguid 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 resu'lt of this test. 

5.3 Leakage Test (Log Sheet 6.3) 

5.3.1 Gas Circuit 

The unit shall be set up as shown in Figure 3, and the gas circuit shall 

be pressurized with nitrogen to a pressure of 4.0 ps;g, and the unit will 

be submerged in water for 15 to 20 minutes. There shall be no evidence 

of gas 1 ea kage" 
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5.3.2 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 1300F and 

a pressure of 2 psia maximum. 

5.4 Performance Testing 

5.4.1 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 

PoutlPin, Delta P, Tin, Tout, Delta T, TDPin' TDPout, Flow 

b. liquid Circuit 

Pin, Delta P, Tin, Tout. Delta T, Flow 

c. Feedwater Circuit 

Pin, Tin, Flow 

d. Slurper 

Delta P, Gas Flow, Water Flow. 

5.4.2 Steady State Tests (log Sheet 6.4) 

The gas circuit and liquid circuit and 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 loop temperature starts to 
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5.4.2 (Continued) 

drop and until liquid loop and gas loop temperature stabilization shall 

be recorded. The liquid loop temperature shall be below 450 F within 10 

minutes. The condition of the porous plate during start up shall 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. 

5.4.3 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 hour and then shall be restarted. After 1.5 hours of 

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

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

change in condition. This test shall be repeated four additional times, 

except the one half hour shutdown will be deleted. The ambient pressure 

will be returned to room pressure between tests. 

c-9 
,~ 

i 
I 
J 

I 
1 

I 
1. 

I 
J 
1 
1 

.~ 
I 

I 
1 



r 

I 
! 
I 
I 
i 
I 
I 

I 
, ! 

LJ 

5.4.4 Mission Test (Non Venting) (Log Sheet 6.5) 

The gas circuit and liquid 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. 

5.4.5 OFF Design Tests (Log Sheet 6.4) 

5.5 

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 

increased 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 liquid loop inlet 

temperature will be increased in five degree increments until break­

through occurs or until the outlet temperature exceeds 1000 F. 

The unit will be returned to ambient conditions. The por.ous plate will 

be removed, the seal will be cut 50% through on ~ts 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 sub1imator, and its condition 

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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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 

Liquid Loop: 

Gas Loop: 

Flow 240 + Lb/Ht·~ Tin 50°F Min, Inlet Pressure 
3.5-4.0 Psia 

Tin 72°F Min, TOPio 50°F Min, Flow 5.5-5.8 ACFM, 
Inlet Pressure 3.85 + .15 Psia 

Tin 70° ~ 15°F, Inlet Pressure 3.7-4.0 Psia Feedwater 
Valve Closed I 

oeita P 1-1.5 In H20 

Temperature 70 !. 15°F, Pressure 1 ,000' ~ Maximum 

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

A} Flow 5.5-5.8 ACFM, Tin 72°F + 2°F, TOPin 35-37oF, 
Inlet Pressure 3.85 + .15 Ps1a 

B) Flow 5.5-5.8 ACFM, Tin 90 !.20F, TOPin 65 !. 5°F, 
Inlet Pressure 3.85 + .15 Psia 

C} Flow 5.5-5.8 ACFM, Tin 110°F + 2°F, TOPin 91 + 20F, 
Inlet Pressure 3.85 !. .15 Psia 

Tin 70° ~ 15°F, Inlet Pressure 3.7-4.0 Psia Feedwater 
Valve Open 

Delta P 1-1.5 In H20 

Temperature 70° !. 150F, Pressure 1 ,000..t( Maximum 

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

A} Flow 5.5-5.8 ACFM, Tin 72°F + 2°F, TOPin 35-370F, 
Inlet Pressure 3.85 + .15 Psia 

B} Flow 5.5-5.8 ACFM, Tin 90 + 2°F, TOPin 65 + 5°F, 
Inlet Pressure 3.85 !. .15 ~sia -

C} Flow 5.5-5.8 ACFM, Tin 1100F + 2°F, TOPin 91 + 20F, 
Inlet Pressure 3.85 + .15 Psia 
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Feedwater Circuit: 

Slurper: 

Ambient: 

Maximum Load 

Liquid Loop: 

Gas Loop: 

Feedwater Circuit: 

Slurper: 

Ambient: 

SHUTDOWN 

Liquid Loop: 

Gas Loop: 

Feedwater Circuit: 

Slurper: 

Ambient: 

REQUIREMENTS 

Start Up: 

Low Load: 

TABLE I 
(Continued) 

TeS .. l 

Tin 70 ~ 15°F, Inlet Pressure 3.7 .. 4.0 Psia Feedwater 
Valve Open 

Delta P 1-1.5 In H20 

Temperature 70 ~ 150F, Pressure 1 ,000 ~ Maximum 

Flow 240 + 5 Lb/Hr, t::. T 10°F, Inlet Pressure 
3.5-4.5 Psia 

A) Flow 5.5-5.8 ACFM, Tin 72°F t 2°F, TDPin 35-37oF, 
Inlet Pressure 3.85 + .15 Psia 

B) Flow 5.5-5.8 ACFM, Tin 90 + 20F, TDPin 65 ~ 5°F, 
Inlet Pressure 3.85 + .15 Psia - ~--

C) Flow 5.5-5.8 ACFM, Tin 110°F ! 20F, TDPin 91 ~ 2°F, 
Inlet Pressure 3.85 + .15 Psia 

Tin 70 ! 15°F, Inlet Pressure 3.7-4.0 Psia Feedwater 
Valve Open 

Delta P 1-1.5 In H20 

Temperature 70 + 15°F, Pressure 1,0004 Maximum 

Same as Maximum Load 

Same as Maximum Load 

Same as Max~mum Load Except Feedwater Valve Closed 

Delta P 1-1.5 In H20 

Temperature 70 + 15°F, Pressure 1,000 ~Max;mum 

10 Minutes Max for Liquid Loop Tout C:::450F 

Gas Loop T and TDPout >330F and 50°F Max, Delta Pgas 
loop 2.8 In H20 Max,.Uquid Loop Tout >320F, Delta 
Pliquid loop .728 PSl Max 
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Nominal Load: 

Maximum Load: 

Shutdown: 

TABLE I 
(Continued) 

TCS-l 

Gas Loop T and TDPout 500F Max, Delta Pgas loop 2.8 In 
H20 Max, Liquid Loop Tout 450 F Max, Delta Pliquid loop 
.728 Psi Max 

Gas Loop T and TDPout 500 F Max, Delta Pgas loop 2.8 In 
H20 Max, Liquid Loop Tout 450 F Max, Delta Pliquid loop 
.728 Psi Max 

Five Minutes Maximum to Non Venting 
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TABLE II 

STEADY STAlE TEST - HIGH TEMPERATURE START 

INITIAL CONDITIONS 

Liquid Loop: 

Gas Loop: 

Feedwater Circuit: 

Slurper: 

Ambient: 

STEADY STATE CONDITIONS 

Maximum Load 

Li qui d Loop: 

Gas Loop: 

Feedwater Circuit: 

Slurper: 

Ambient: 

Nominal Load 

Liquid Loop: 

Gas Loop: 

Feedwater Circuit: 

Slurper: 

Ambient: 

Flow 240 + 5 Lb/Hr, Tin S40F Min, Inlet Pressure 
3.5-4.0 Psia 

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

Tin 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~Maximum 

Flow 240 + 5 Lb/Hr, A T 10°F, Inlet Pressure 
3.5-4.0 PS1a 

Flow 5.5-5.8 ACFM, Tin 110 + 2°F, TDPin 91 + 2°F 
Inlet Pressure 3.85 ~ ,15 Psia -

Tin 70 .±. 15°F, Inlet Pressure 3.7-4.0 Psia Feedwater 
Valve Closed 

Delta P 1-1.5 In H20 

Temperature 70 .±. lSoF, Pressure 1,000.,c( Maximum 

Flow 240 + 5 Lb/Hr, 6. T 5°F, Inlet Pressure 
3.5-4.0 pSla 

Flow 5.5-5.8 ACFM, Tin 90 .±. 2°F, TDPin 65 + 5°F 
Inlet Pressure 3.85 + .15 Psia 

Tin 70 .±. 15°F, Inlet Pressure 3.7-4.0 Psi.a Feedwater 
Va1ve:Open 

Delta P 1-1.5 In H20 

Temperature 70 .±. 15°F, Pressure 1,000,c.(Maximum 
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low load 

li qui d loop: 

Gas loop: 

Feedwater Circuit: 

Slurper: 

Ambient: 

SHUTDOWN 

li qui d loop: 

Gas loop: 

Feedwater Circuit: 

Slurper: 

Ambient: 

REQUIREMENTS 

Start Up: 

Maximum load: 

Nominal load: 

low load: 

Shutdown: 

TABLE II 
(Continued) 

Flow 240 ±. 5 lb/Hr, 6. T 10F, Inlet Pressure 
3.5-4.0 Psia 

Flow 5.5-5.8 ACFM, Tin 720F ~ 20F, TDPin 35-370F, 
5 Inlet Pressure 3.85 ±. .15 Psia 

TCS-l 

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

Delta P 1-1.5 In H20 

Temperature 70 t 150F, Pressure 1,000.A(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 .:t. 150F, Pressure 1,000,A( Maximum 

10 Minutes Max for liquid loop Tout ~450F 

Gas loop T and TDPout 500F Max, Delta Pgas loop 2.8 In 
H20 Max, liquid Loop Tout 450F Max, Delta Pliquid loop' 
.728 Psi Max 

Gas loop T and TDPout 500F Max, Delta Pgas loop 2.8 In 
H20 Max, liquid Loop Tout 45°F Max, Delta Pliquid loop, 
.728 Psi Max 

Gas loop T and TDPout :::r330F and 50°F Max, Delta Pgas 
loop 2.8 In H20 Max,Liquid loop Tout >320F, De.lta 
Pliauid 1000 .728 Psi Max 

5 Minutes Maximum to Non Venting 
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INITIAL CONDITIONS 

Li qui d Loop: 

Gas Loop: 

Feedwater Circuit: 

Slurper: 

Ambient: 

MISSION SIMULATION 

Liquid Loop: 

Gas Loop: 

Feedwater Circuit: 

Slurper: 

Ambient: 

SHUTDOWN 

Liquid Loop: 

Gas Loop: 

Feedwater Circuit: 

Slurper: 

Ambient: 

TABLE III 

MISSION TEST - VENTING 

Flow 240 + 5 Lb/Hr, Tin 500F Min, Inlet Pressure 
3.5-4.0 Psia 

TCS-1 

tin 720 F Min, TDPin 500 F Min. Flow 5.5-5.8 ACFM, Inlet 
Pressure 3.85 + .15 Psia 

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

Delta P 1-1.5 In H20 

Temperature 70 ~ 150 F, Pressure 1,000~ Maximum 

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

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

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

Delta P 1-1.5 In H20 

Temperature 70 '~ l50 F, Pressure 1,000 -"'< Maximum 

Flow 240 + 5 Lb/Hr, Inlet Pressure 3.5-4.0 Psia, 
6. T 11 Per-Figure 5 

Flow 5.5-5.8 ACFM, Inlet Pressure 3.85 + 1.5 Ps;a 
Tin and TDPin Per Figure 5 -

Tin 70 + 15°F Inlet Pressure 3.7-4.0 Psia Feedwater 
Valve Closed 

Delta P 1-1.5 In H20 

Tempera ture 70 ~ 15°F, Pressure 1,000 -'< Maximum 
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REQUIREMENTS 

Start Up: 

Mission Simulation: 

Shutdown: 

TABLE III 
(Continued) 

10 Minutes Max for Liquid Loop Tout>4SoF 

Gas Ci rcui t T and TDPout 32 -500F 
Delta P 2.8 In H20 Max 
Liquid Circuit Tout 33-4SoF 
Delta P .728 Psi Max 

5 Minutes Maximum to Non Venting 
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INITIAL CONDITION 

Liquid Loop: 

Gas Loop: 

Feedwater Circuit~ 

51urper: 

Ambient: 

MISSION SIMULATION 

Liquid Loop: 

Gas Loop: 

Feedwater Circuit: 

Slurper: 

Ambient: 

REQUIREMENTS 

TABLE IV 

MISSION TEST - NON VENTING 

Flow 240 + 5 Lb/Hr, Tin 42-450 F, In1 et Pressure 
3.5-4.0 Psia 

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

Shut Off 

Delta P 1-1.5 In H20 

Temperature 70 ~ 150 Ft Pressure 1,000~Maximum 

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

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

Shut Off 

Delta P 1-1.5 In H20 

Temperature 70 :':. 150 F, Pressure 1,000 4. Maximum 

Gas Loop T and TDPout 500 F Maximum 
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Instrument No. Parameter 

P1 Pump Inlet Pressure 
P2 Feed Water Reservoir Pressure 
P3 Feed Water Inlet Pressure 
P4 LCG Inlet Pressure 
Ps Chamber Pressure 

, . P6 Steam Header Pressure 
P7 Vent Outlet Pressure 
PB Vent Inlet Pressure 
Pg Slurper Vacuum Pressure 
PlO Leakage Flow Rate Pressure 
Pll Steam Generator Pressure 

APl . LCG AP 
6P2 Vent AP 
6P3 Slurper AP 
AP4 Fan ·6 P 

F1 LCG Flow 
F2 Slurper Flow 
F3 Vent Inlet Flow 
F4 Vent Outlet Flow 
FS Rig Leakage Flow 
Tl Feed Water Temperature 
T2 LCG Inlet Temperature 
T3 LCG Outlet Temperature 
T4 Vent Inlet Temperature 
TS Vent Outlet Temperature 

ATl LCG AT 
6T2 Vent AT 

DPl Vent Outlet Dew Point 
DP2 Vent Inlet Dew Point 
B1 Feed Water Burette (Small) 
B2 Feed 'Water Burette (Large) 

~---.-!.-- ... 
. . 

Minimum Range 

0-30 Psia 
0-100 Psia 
0-lS Psia 
0-30 Psia 
SOo-1 ,000 J,A-
SOO-l,OOO,,(.l. 
O-lS Psia 
O-lS Psia 
0-30 Psia 
0-30 Psia 
0-30 Psia 
0-10 Psi (DHf) 
0-10 in H20 (Diff) 
0-10 in H20 (Diff) 
0-100 in H20 (Diff) 
.6-S.2 PPM 
O-S PPH @ 3.8 Psia 
2-12 PPH @ 3.B Psia 
2-12 PPH @ 3.8 Psia 
.001-.016 PPH @ 3.S Psia 
32-1S00F 
32-1S0oF 
32-1S0oF 
32-1S0oF 
32-1S0oF 
0-20oF 
O-lOOOF 
O-lOOoF 
O-lOOoF 
100 CC 
1 ,000 CC 
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~inimum Accuracy 

+ 2 Psi 
+ 1 Psi 
+ .025 Psi 
+ .3 Psi 
+ 3% Angular Oef 
~ 3% Angular Oef 
+ .025 Psi 
+ .025 Psi 
+ .3 Psi 
+ .3 Psi 
+ .S Ps;a 
+" .1 Psi 
+' .1 in H2O 
+ .1 in H2O 
+ ~l ,0 in H2O 
+ 2% FS 
+2% FS 
+' 2% FS 
+ 2% FS 
+' 2% FS 
+' 30F 
+ 3°F 
+ 3°F 
+' 3°F 
+' 3°F 
"+ .SoF 
+'30 F 
"+ 3°F 
+ 3°F 
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1.0 INTRODUCTION 

1.1 

1.2 

1.3 

Purpose 

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

ment Subsystem (WMS) 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 inc 1 udedi n the monthly progress reports. 

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 

SVSK 87320 

SVSK 87343 

Standards 

MIL-O-27210 

MIL.-P-27401 

Specifications 

NASA 

MSC-SPEC-C21A 

Hamilton Standard 

HS 1550 

Thermal Control System 

Sub1imator - Assembly and Details 

TCS Motor/Rotary Fan Separator 

Oxygen Aviators Breathing, Liquid and Gas 

Propellant, Pressurizing Agent, Nitrogen 

Water, High Purity (Potable) Specification for 

Pre Acceptance, Cleaning, Preservation and Handling of 

Products 
C-37 
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2.0 (Continued) 

SVP 114 

TCS-2 

Test Fluid Contro'l (High Purity Water) 

3.0 TEST SEQUENCE 

Sequence 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Test 

Examination of Product 

Proof Pressure Test 

Leakage Test 

Check & Re1 ief Valve Performance 

Mission Test. (Venting) 

Mission Test (Non Venting) 

Service 

Mission Test (Venting) 

Mission Test (Non Venting) 

Leakage Test 

Service 

Examination of Product 

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 

4.0 SPECIAL INSTRUCTIONS 

4.1 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. 

4.2 Reporting 

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

reports. 
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Control of the Test Plan 

It shall be the responsibility of the project engineer to insure that the 

historical log sheets reflect al'i 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 limited to, the following data: 

a. Test Title and Procedure Section Number 

b. Date 

c. Environmental Conditions 

d. Test Operator 

e. Test Equipment 

f. Notes and Comments 

g. Test Results 

Sample log sheets are included 'in Section 6. 

4.5 Environmental Requirements 

4.6 

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-O-27210 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-C2l with the following 

exceptions: 
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4.6 (Continued) 

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

50-100 PPb. 

2. Trta1 solids shall be 3.5 mm/1iter maximum. 

3. The particulate contamination shai1 be as follows: 

Particle Size Range 
(Microns) 

0-25 

25-50 

50-100 

100-250 

250 

Fibers 

100-250 

250-400 

400 

Maximum Number of Particles 
Per 100 ML 

Unlimited 

2,100 

100 

4 

o 

Maximum Number of Particles 
Per 100 ML 

1 

1 

o 
4. The PH range shall be 5.5 to 7.5 at 250 C. 

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 c1eanJiness 

level of HS 1550Cl. 

NOTE: Water cleaned per SVP 114 meets the requirements above 
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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 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. 

5.2 Proof Pressure (Log Sheet 6.2) 

5.2.1 Gas Circuit 

5 .. 2.2 

Setup the unit as shown in Figure 2, and pressurize, the gas circuit with 

nitrogen to a pressure of 6.0-6.2 psig. Maintain this pressure for five 

minutes. There shall be no permanent deformation as a result of this test. 

Li qui d Ci rcui t 

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. 

5.3 Leakage Test (Log Sheet 6.3) 

5.3.1 Gas Circuit 

Setup the unit as shown in Figure 3, and pressurize the gas circuit with nitrogen 

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 maintain this condition for 15 to 20 

minutes. The inlet flow shall not exceed 18 sec/min. 
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~ 5.3.2 Liquid Circuit (Log Sheet 6.4) 
1 

5.4 

5.4.1 

5.4.2 

Setup the unit as shown in Figure 4, and pressurize the liquid circuit with 

wate.r 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 wa~er pressure to 1.0 

+ .1 psig. Water 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 r~seat at 

40-50 psig. 

5.4.3 Expansion Tank Relief Valve (Log Sheet 6.6) 

5.5 

Setup the 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 shall be repeated twice. The valve shall crack and reseat 

at 40-50 psig. 

Mission Testing Venting (Log Sheet 6.7) 

Note: The water used for this test must be saturated with N2 per Appendix A. 

Setup the unit as shown in Figure 8 with the dump valve and the 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 

drain connector. Disconnect the drain connector, shutoff the 02 supply, and 

the expansion tank shutoff valve. Open the water fill valve and the dump valve. 
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5.5 (Continued) 

5.6 

5.7 

5.7.1 

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 

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 loop 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 yntil 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. 

Mission Test - Non-Venting (Log Sheet 6.8) 

Setup the unit as shown in Figure 9 with the expansion tank valve, feedwater 

shutoff valve, and dump valve closed and the drain connector valve open. 

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 the 

weight of the unit stabilizes. The weight increase shall equal at least 1.7 lbs. 

Service (Log Sheet 6.9) 

Liquid Loop and Feedwater Circuit Discharge 

With the unit upright, open the LCG flow control valves, and the expansion 

tank, feedwater and umbilical shutoff valves and connect the drain connector. 

With the dump valve closed, pressurize 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 fitting. Connect 

a 4-5 psig dry nitrogen supply to the water fill connector and water drain 

connector and purge for one hour. Shutoff the pressure to both the gas loop 

·' .... 1 feedwater circuit and open the dump valve. With the control panel face 
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5.7.1 

5.7.2 

TCS-2 

(Continued) 

down, connect the 4-5 psig dry nitrogen supply to the LCG inlet and uncap the 

LCG and LCG bypass fi,ttings 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 outlet 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. 

5.7.3 Final Drying 

5.7.4 

5.7.4.1 

Remove the caps from all fittings and install the unit in a vacuum chamber. 

Connect a dry N2 source to both the LCG inlet and the O2 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 02 and LeG 

inlet. Repeat the vacuum/pressurization cycle twice. 

Dryout Verification 

Gas Loop 

Close the dump valve and connect a dew pointer to the 02 outlet. Purge through 

the 02 inlet fitting with dry nitrogen at 3-5 psig. Take dew pOint readings 

at 5 minute intervals until three successive readings are OOF maximum (30 

minutes maximum). Shutoff the purge and disconnect the setup. 
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5.7.4.2 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 OOF maximum (30 minutes maximum). Shut off 

the purge and disconnect the setup. 

5.7.4.3 Liquid 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 LeG inlet connector with dry nitrogen at 3-5 psig. Take dew point 

readings at 5 minute intervals until three successive readings are OOF maximum 

(30 minutes maximum). Shut off the purge and disconnect the setup. 
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H lit Stand rd Examination of Produc.t . n:.-rPLANNG. '1(;5-Z .~;-am on a __ 01' ,-".0 A'''C.'''Y ~,_ ; 
WINDSOII LOCKS, CONNECTICUT 060f' n T~"W ENGINEER • MOOD. NO. . :! 

1""'1 II 
NAME OF RIG ' •• IIT NO. 1:1 ; 
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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. All 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 lb/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 ps;a. the preceding step must be repeated. 
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1.0 INTRODUCTION 

1.1 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. 

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 Humidity Control Subsystem 

which is defined schematically in Figure 1. The test unit is defined by 

drawing SVSK 87343. 

2.0 APPLICABLE DOCUMENTS 

Drawings 

SVSK 87343 

Standards 

MIL-O-27210 

MIL-P-27401 

Specifications 

NASA 

MSC-SPEC-C21 

TCS, Motor/Rotary Fan-Separator 

Oxygen liviators Breathing, Liqu.id and Gas 

Propellant, Pressurizing Agent, Nitrogen 

Water, High Purity (Potable) Specification for 

Hamilton Standard 

HS 1550 

SVP 114 

Pre Acceptance, Cleaning, Preservation and Handling of 

Products 

Test Fluid Control (High Purity Water) 
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3.0 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 

4.0 SPECIAL INSTRUCTIONS 

4.1 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. 

4.2 Reporting 

4.3 

4.4 

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

reports. 

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 
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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 

c) Environmental Conditions 

d) Test Operator 

e) Test Equipment 

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 

Nitrogen conforming to MIL-P-27401 and oxygen conforming to MIL-O-27210 

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-C2l 

with the following exceptions: 

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: 
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4.6 (Continued) 

5.0 

5.1 

Particle Size Range 
(Microns) 

0~25 

25-50 

50-100 

100-250 

250 

Fibers 

100-250 

250-400 

400 

Maximum Number of Particles 
Per 100 ML 

Un1 imited 

2,100 

100 

4 

o 
Maximum Number of Particles 

Per 100 ML 

1 

1 

o 

4) The PH range shall be 5.5 to 7.5 at 250 C. 

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 l550Cl. 

NOTE: Water cleaned per SVP 114 meets the requirements above. 

DEVELOPMENT TESTS 

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 87343. The unit will not be 
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5.1 (Continued) 

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

will be recorded during the test program. 

5.2 Proof Pressure (Log Sheet 6.2) 

5.2.1 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 thi s test. 

5.2.2 Liquid Circuit 

Set up the unit as shown in Figure 3 and pressurt~e the 1iqui,d circuit 

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. 

5.3 Leakage Test (Log Sheet 6.3) 

5.3.1 Gas and Separator Circuits -~ , 

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. 

5.3.2 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 1
1
5 to 20 minutes. There shall be 

no evidence of water leakage. 
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5.4 Fan Performance Test (Log Sheet 6.5) 

5.5 

Set up the unit as shown in Figure 6. Establish a water flow of 20 lb/hr 

at a pressure of 5 to 20 pSig. Maintain the water inlet temperature at 

45-550 F. 

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 H2o and record the abo¥e data at each 

step. Close the flow valve and record the dead headed pressure rise. 

Set the delta P at 9 inch H20 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 pIS 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 lb/hr 

at a pressure of 5 to 20 psig. Maintain the water inlet temperature at 

45-550 F. 

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 

stabil i ze and record voltage, current, flows, temperature and pressures. 

C-73 

1 
I 
1 
1 
I 

I 
I 
~ 
1 
I 
i 

I 
! 
1 
i 
j 

1 
1 

i 
j 
1 

1 
1 

,1 
1 
I 
I 
1 
J 
1 
l 
i 

j 
1 
J 
J 
1 
1 

"J.1 

1 •..•..... 



r r ~---.-.-~ 
I 

TCS-3 

5.5 (Continued) 

The separator outlet flow must equal the inlet flow. Increase the water 

flow in 3 cc/min increments to 9 cclmin and record the above data at each 

step. Repeat the above at s.eparator 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. 

5.6 Mission Test (Log Sheet 6.6) 

Set up the unit as shown in Figure 7. Establish a water flow of 20 lblhr 

at a pressure of 5 to 20 psig. Maintain the water inlet temperature at 

45-550 F. 

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 
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5.6 (Continued) 

5.7 

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 

spec~fied 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. 

Rep~at the above test at flows of 2.5 and 4 cc/min. 
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1.0 INTRODUCTION 

1.1 Purpose 

1.2 

1.3 

This test plan and procedure defines the Thennal Control Syst.em (TeS) 

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 item is the Thermal Control System which is defined schematic­

ally in Figure 1. The test unit is defined by drawing SVSK 87319. 

2.0 APPLICABLE DOCUMENTS 

Drawings 

SVSK 87319 

Standards 

MIL-O-272l0 

MIL-P-2740l 

Specifications 

NASA 

MSC-SPEC-C2l 

Hamilton Standard 

HS 1550 

SVP 114 

Thermal Control System (EVLSS) 

Oxygen Aviators Breathing, Liquid and Gas 

Propellant, Pressurizing Agent, Nitrogen 

Water, High Purity (Potable) Specification for 

Preacceptance, Cleaning, Preservation and Handling of 

Products 

Test Fluid Control (High Purity Water) 
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Test Number 

5.1 
5.2 
5.3 
5.4.2 
5.4.3 
5.4.4 
5.5 
5.6 
5.7 

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 coordinate,d with NASA. 

4.2 Reporting 

4.3 

4.4 

Tte r~sults of the test program will be included in the monthly 
progress reports. 

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 con­
trolled 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 
c. Environmental Conditions 
d. Test Operator 
e. Test Equipment 
f. Notes and Comments 
g. ~est Results 
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4.5 

1 

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. 

4.6 ~leanliness Requirements 

Nitrogen conforming to MIL-P-2740l and oxygen conforming to 
MIL-O-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 MrC-SPEC-C2l 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 rom/liter maximum. 

3. The particulate contamination shall be as follows: 
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4.6 

5.0 

(Conti'nued) 

I 
1 
_i 

Particle Size Range 
(Microns) 

0-25 

25-50 

50-100 

100-250 

250 

Fibers 

100-250 

250-400 

400 

r-. -- ----------""""""" 

Maximum Number of Particles 
Per 100 ML 

Unlimited 

2,100 

100 

4 

o 

Maximum Number of Particles 
Per 100 ML 

1 

1 

o 
4. The PH range shall be 5.5 to 7.5 at 250 C. 

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 l550Cl. 

NOTE:_ Water cleaned per SVP 114 meets the requirements iibove. 

DEVELOPMENT TESTS 
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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 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. 

5.2 Proof Pressure (Log Sheet 6.2) 

5.2.1 Gas Circuit 

Set up the unit as shown in Figure 2 and pressurize the gas circuit with 

nitrogen to a pressure of 6.0-6.2 psig. Maintain this pressure for five 

minutes. There shall be no permanent deformation as a result of this 

test. 

5.2.2 Liquid Circuit 

5.3 

5.3.1 

c-'-I 

Set up 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 

Set up the unit as sho~n in Figure 3 and pressurize the gas circuit with 

nitrogen to a pressurenf 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 

sec/min. 
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5.3.2 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 leakage. 

5.4 Performance Testing (Log Sheet 6.5) 

5.4.1 General 

5.4.2 

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 the individ­

ual tests. 

a. Gas Circuit 

Pout, Pin, Delta P, Tin, Tout, Delta T, TDPin' TDPout' Flow 

b. Liquid Circuit 

Pin, Delta P, Tin, Tout, Delta T, Flow 

c. Feed Water Circuit 

NOTE: The feed water must be saturated with N2 per Appendix A. 

Mission Testing (Hot Start) 

Set up the unit with the dump valve and the feed water 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 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. Weigh the unit. The weight increase shall be at least 8.2 pounds. 

Open the expansion tank shutoff valve and record the water pressure after 
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5.4.2 (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 450 F 

within 10 minutes. 

The gas circuit and liquid circuit conditions 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.S 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. 

5.4.3 Mission Testing (Cold Start) 

Connect the drain connector and with the dump v~lve and the feed water 

shutoff valve closed and the expansion tank shutoff valve open, pres­

surize the 02 inlet to four pSig and hold until 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 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 circuit, system and ambient conditions as 

specified in Table II. Once conditions have stabilized, open the feed 

water va1ve. The liquid loop outlet temperature shall be below 450F 

within 10 minutes. 
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(Continued) 

The gas circuit and liquid 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 to 4 psig and hold until 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 liquid circuit, system and ambient conditions as 

specified in Table III. Once conditions have stabilized, open the feed 

water valve. The liquid loop outlet temperature shall be below 450 F 

within 10 minutes. 

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

with Figure 6. After four 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 III. The data will be recorded at 

each change in condition. 
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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 lB.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 1100F and a water inlet temperature of 500F. 
Obtain the liquid loop and gas loop outlet temperatures and the 
gas loop outlet dew point at inlet dew points of 600F, 700F, 
BOoF and 900F. 

Repeat this test at inlet pressures of 14.7 psia and lB.7 psia. 
There is no performance criteria for this test. 

5.7 Deactivation 

5.7.1 Liquid Loop and Feed Water Circuit Discharge 

With the unit upright, open the LeG 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 fit­
ting. Connect a 4-5 psig dry nitrogen supply to the water 
fill connector and water drain connector and purge for one 
hour. Shut off the pressure to both the gas loop and feed 
water circuit and open the dump valve. With the control pa;nel 
face 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. Shut off 
the gas supply. Disconnect the gas supply from the LCG inlet 
and connect it to the LCG outlet fitting. Close the LCG by­
pass 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. 

5.7.2 Gas Circuit Discharge 

Connect a dry nitrogen supply to the 02 inlet fitting and pres­
surize to 2-5 psig with the dump valve closed and the O2 outlet 
fitting uncapped. Purge the unit for one hour and reduce the 
pressure to zero. 
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5.7.3 

5.7.4 

5.7.4.1 

--'~--l 

Pinal Dr)"ing 

Remove the caps from all fittings and install the unit in a 
vacuum chamber. connect a dry N2 source to both the LCG in­
let and the O~ inlet. Reduce the chamber pressure to 1 rom 
Hg and mainta1n for one hour minimum. Return the chamber to 
room ambient by supplying dry nitrogen through the 02 and 
LCG inlet. Repeat the vacuum/pressurization cycle twice. 

Dr)"out Verification 

Gas Loop 

Close the dump valve and connect a dew pointer to the O2 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 oop maximum (30 minutes 
maximum). Shut off the purge and disconnect the setup. 

5.7.4.2 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 fill connector with dry nitrogen at 3-5 
psig. Take dew point readings at five-minute intervals until 
three successive readings are OOF maximum (30 minutes maxi­
mum). Shut off the purge and disconnect the setup. 

5.7.4.3 Liquid 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 
OOp maximum (30 minutes maximum). Shut off the purge and 
disconnect the setup. 
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INITIAL CONDITIONS 

Liquid Loop: 

Gas Loop: 

Feed Water Circuit: 

Ambient: 

MISSION SIMULATION 

Li qui d Loop: 

Gas Loop: 

Feed Water Circuit: 

Ambient: 

SHUTDOWN 

Li qui d Loop: 

Gas Loop: 

Feed Water Circuit: 

Ambient: 

REQUIREMENTS 

Start Up: 

Mission Simulation: 

Shutdown: 

TCS-4 

TABLE I 
MISSION TEST (HOT START) 

Flow 240 + S Lb/Hr, Tin lOO-lOsoF Min, Inlet Pressure 
3.5-4.0 Psia 

Tin 10S-11soF, TDPin 840F Min, Inlet Pressure 3.8S + .1S 
Ps;a, Fan On 

Tin lOO-lOSoF, Pressure 3.7-4.0 Ps;a Feed Water Valve 
Closed 

Temperature 70 ~ 15°F, Pressure 1 ,000 -« Maximum 

Flow 240 + 5 Lb/Hr, Inlet Pressure 3.S-4.0 Psia, ~T 
Per Figure 6 

Iry1et Pressure 3.85 ~ .1S Psia; Tin and TDPin Per 
Flgure 6, Fan On 

Tin 70 + lSoF, Inlet Pressure 3.7-4.0 Psia Feed Water 
Valve Open 

Temperature 70 ~ lSoF, Pressure 1,000 Maximum 

Flow 240 + 5 Lb/Hr, Inlet Pressure 3.S-4.0 Psia, 6. T 
Per Figure 6 

I~let Pressure 3.85! 1.5 Psia, Tin and TDPin Per 
Flgure 6, Fan On 

Tin 70 ! lSoF Inlet Pressure 3.7-4.0 Psia Feed Water 
Valve Closed 

Temperature 70 ! lSoF, Pressure 1,000 .4( Maximum 

10 Mi nutes Maximum for Liqui d Loop Tout > 4SoF, Gas 
Loop Flow 6.3 ACFM Minimum 

Gas Circuit T and TDPout 32-50oF, Liquid Circuit Tout 
33-450 F 

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: 

---~-l 

TCS-4 

TABLE II 
MISSION TEST (COLD START) 

Flow 240 + 5 Lb/Hr, Tin 350F Maximum, Inlet Pressure 
3.5-4.0 Psia 

Tin 72°F Minimum, TOPin 50°F Maximum, Inlet Pressure 
3.85 ~ .15 Ps;a, Fan Un 

Tin 70 + 150F, Pressure 3.7-4.0 Ps;a Feed Water Valve 
Closed -

Temperature 70 ~ 15°F, Pressure 1 ,000 ,~ Maximum 

Flow 240 + 5 Lb/Hr, Inlet Pressure 3.5-4.0 Ps;a, ~T 
Per Figure 6 

Inlet Pressure 3.85 ~ .15 Psia, Tin and TDPin Per 
Figure 6, Fan On 

Tin 70 + 15°F, Inlet Pressure 3.7-4.0 Ps;a Feed Water 
Valve Open 

Temperature 70 ~ 15°F, Pressure 1,000 Maximum 

Flow 240 + 5 Lb/Hr, Inlet Pressure 3.5-4.0 Psia, LlT 
Per Figure 6 

Inlet Pressure 3.85 ~ 1.5 Psia, Tin and TOPin Per 
Figure 6, Fan On 

Tin 70 + 15°F Inlet Pressure 3.7-4.0 Psia, Feed Water 
Valve Closed 

Temperature 70 ~ 15°F, PresSure 1,000 ..-I( Maximum 

10 Minutes Maximum for Liquid Loop Tout ~450F, Gas 
Loop Flow 6.3 ACFM Minimum 

Gas Circuit T and TOPout 32-S0oF, Liquid Circuit Tout 
33-450 F 

5 Minutes Maximum to Non Venting 
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INITIAL CONDITIONS 

Li qui d Loop: 

Gas Loop: 

Feed Water Circuit: 

Ambient: 

MISSION SIMULATION 

Liquid Loop: 

Gas Loop: 

Feed Water Circuit: 

Ambient: 

SHUTDOWN 

Li qui d Loop: 

Gas Loop: 

Feed Water Circuit: 

I Ambient: 

I 
! 

REQUIREMENTS 

Start Up: 

I 

Mission Simulation: 

I 

r 
Shutdown: 

f 
r 

, i 
( ~ 

lJ 

TCS-4 

TABLE III 
MISSION TEST (ROOM TEMPERATURE START) 

Flow 240 + 5 Lb/Hr, Tin 500F Minimum, Inlet Pressure 
3.5-4.0 Psia 

Tin 720 F Minimum, TDPin 500 F Minimum, Inlet Pressure 
3.85 ~ .15 Psia, Fan un 

Tin 70 + 150F, Inlet Pressure 3.7-4.0 Psia, Feed Water 
Valve Closed 

Temperature 70 ~ l50 F, Pressure 1 ,000 ~ Maximum 

Flow 240 + 5 Lb/Hr, Inlet Pressure 3.5-4.0 Psia, ~T 
Per Figure 6 

Inlet Pressure 3.85 + .15 Psia, Tin and TOPin Per 
Figure 6, Fan On -

Tin 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, ~ T 
Per Figure 6 

Inlet Pressure 3.85 + 1.5 Psia, Tin and TDPin Per 
Figure 6, Fan On -

Tin 70 + 150F Inlet Pressure 3.7-4.0 Psia Feed Water 
Valve Closed 

Temperature 70! 150 F, Pressure 1,000 ~ Maximum 

10 Mi nutes Maximum for Li qui d Loop Tout :> 450 F, Gas 
Loop Flow 6.3 ACFM Minimum 

Gas Circuit T and TDPout 32-50oF, Liquid Circuit Tout 
33,4SQF 

5 Minutes Maximum to Non Venting 
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TY~E OF TEST 

Hamilton Standard OI ... tSoONOFUNIT£D~.'C""FYCOM'OAATION Examination of Product 

WINDSotl LOCKS, CONNECTICUT 06096 R TEST ENGINEER 

SHEET OF I DATa 

TEST ~LAN NO. TCS-4 
MO~ELNO. 

NAME OF RIG I ~ART NO. 

SPACE & LIFE SYSTEMS LA,BORATORY 

LOG OF TEST 

Bench r~~SE~R~IA~L~N~O~.~ ____________________________ _ 

PROJECT eo ENG. ORDER NO. l_QPE.""TORS_ 

Log ISheetl 6.1 Testl Number 5.1 Sequ~nce N~mber 

-'Unitcomp~ ;~s ~ith p~;nt I I I I I I I I I t I I I I I I I Yes No 

-R~cdrd Vi~ual defect~ j 
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Proof Test Hamilton Standard OOVl$lON 016' .... ,T .. O .. 'ooc .... n c~ .. TICIN 

WINDSOII LOcKs. CONNECTICUT 06096- R TEST i:NGINEER 

NAME OF RIG 

SPACE & LIFE SYSTEMS LABORATORY 

LOG OF TEST PROJECT. ENG. ORDER NO. 

Loa Sheet 6.2 Test Numb r 5 2 1 an tl 5.2 2 

Clod Test Test 
Time Time Pres ure . . 

III In. P;)I~ 

5.2 1 

, n 
I ..... 

'-" .e. 

I--

5.2 2 

, 

I 
...... awl 

Ambient Temperatur.e 
Barometric Pressure 
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eHlEET 

TE~~LAN NO. 

MODEL NO. 

~&IIT NO. 

"'IALNO. 

OPERATO ... 

Seoul: nce N limber 
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Hamilton' Standard OJvl$JOH CJ' v"',Tf:D ... ooc .... n CQRPOAATJOIN 

WINDSOI LOCKS, CONNECTICUT 06096 R TEST ENGINEER 

SPACE & LIFE SYSTEMS LABORATORY 

LOG OF TEST 

LoqlSheetJ 6.3 Test ~umbe 

NAME OF RIG 

PROJECT. ENG. ORDER NO. 

5.3. 

.HEET 0 .. D',TE 

TEST ~LAN NO. TCS-4 
MODEL NO. 

I"ARTNO. 

.ltIALNO. 

O~ERATORS 

Sequence Number 
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Time 
-- I I I I !~~~1""""" l' I :~~~, I I ~l OW~ cc/mi ~. I I I I I I I I I I 

I~ () 
I .... 
o -+-----i---.j....---~ --- -+. --l----+---i---1---t---i------if---+---t---i----t--+---t---+---t--+---; 
IJI 

r----"'--··---+I--+-·--+~_lr---t--_I_--_t_--+--t--_t_-_I_--t--+---+--+---t---+--+--_+--t---+----I 

ItDlARK8:. 

......... 

, .. 

I'{ 
[=--
\;1 , , , , 
! i 
t! 
I

, 
,,\ 

,. 
L 
tl 
" Ii 
t! 
r-~--
Ii 

f' 
! 
t 

" 

.. 

! 

Ambient Temperature 
Barometric Pressure 

1:J:~.~:"t~ -.,.-,",~.-~,::.:~:,::~:::::~,~......:.... J_.~ .. ~ .}~ __ .~ ...... L_ .,....:..-.. ........ .:..... _'~',._h,. __ ~_'_.'.""""H~ .. _'., ...... "'~ ..... __ ,. __ ~ __ ._ ~~ __ ,_ .. ~._. __ ~.~ __ " 

i 

-.--=~=--.~.--~---~.-.--,,---.-. ~ 



r=~._, __ , __ , 
~-H ..... 71.'" • , •• , U 

Hamilton Standard Oov'SIQN 00' ON'T~D "'AC."H C.-ATCIN 

WINDSOI LOCKS, CONNECTICUT 06096 R 
SPACE & LIFE SYSTEMS LABORATORY 

LOG OF TEST 

LOQ Sheet 6.4 Test Numbl r 5.3 

elm k ~est Pig 
TimE :rime Press . . 
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I 
" 

0 
I ..... 

0 
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Fre 'dom 1 rom v sual leaka ge Yes 
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Ambient Temperature 
Barometric Pressure 
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No 
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_.1711.1" 1/.. U TYPE OF TEST SHEET OF 

Hamilton Standard DIvISION OF UNiTED AIACRAFT COAPOAATION TEST PUN NO. TCS-4 
WINDSOtt LOCKS. CONNECTICUT 06096 R TEST ENGINEER 

SPACE & LIFE SYSTEMS LABORATORY 

LOG OF TEST 

Log ~heet ~.5 Teslt NumlDer 

Clocl<lTest Gas i rcui!t 

NAME OF RIG 

PROJECT II< ENG. ORDER NO. 

Qequen~e NUlilber 

MODEL NO. 

PART NO. 

SERIAL NO. 
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TY~E OF TEST SHEET OF ._.178.1:1'.. . U 
Hamilton Standard __ 00; UNlTEO_ .. ,RCA .... TC~ATION I I TEST ~LAN NO. TCS-4 

WINDSOI LOCKS. CONNECTICUT 06096 R TEST ENGINEER 

t 

SPACE & LIFE SYSTEMS LABORA tORY 

LOG OF TEST 
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Document No. Parameter Minimum Range Minimum Accuracy 

Pl Pump Inlet Pressure 0-30 Psia + 2 Psi 
P2 Feed Water Reservoir Pressure 0-100 Psia "+ 1 Psi 
P4 LCG Inlet Pressure 0-30 Psia "+ .3 Psi 
Ps Chamber Pressure SOO-l,OOO I 3% Angular Def 

~ ; P6 St~am Header Pressure SOO-l,OOO + 3% Angular Def 
P7 Vent Outlet Pressure 0-15 Psia "+ .02S Psi 
PB Vent Inlet Pressure 0-lS Psia +" .025 Psi 
PlO Leakage Flow Rate Pressure 0-30 Psia '+ .3 Psi 

, Pll Steam Generator Pressure 0-30 Psia + .S Psia 
~Pl LCG ~P 0-10 Psi (Diff) "+ .1 Psi 
~P2 Vent ~ P 0-10 in H20 (Diff) + .1 in H2O 
~P3 Slurper ~ P 0-10 in H20 (Diff) +.1 in H20 
~P4 Fan ~ P 0-100 in H20 (Diff) ±. 1. 0 in H2O 

Fl LCG Flow .6-S.2 PPM + 2% FS 
l F3 Vent Inlet Flow 2-12 PPH @ 3.B Psia "+ 2% FS 
i, 

F4 Vent Outlet Flow 2-12 PPH @ 3.B Psia "+ 2% FS 
FS Rig Leakage Flow .001-.016 PPH @ 3.S Psia "+ 30F 
Tl Feed Water Temperature 32-1S00F '+ 30 F 
T2 LCG Inlet Temperature 32-150oF "+ 30F 
T3 LCG Outlet Temperature 32-150oF "+ 30F 
T4 Vent Inlet Temperature 32-150oF + 30F 
TS Vent Outlet Temperature 32-1S0oF '+ 30F 

~T1 LCG ~ T 0-20oF + .SoF 
~T2 Vent ~ T 0-100oF "+ 3°F 

. DPl Vent Outlet Dew Point O-lOooF '+ 30F 
DP2 Vent Inlet Dew Point O-lOOOF '+ 30F 
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FOR 
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1.0 

2.0 

SATURATION PROCEDURE 

INTRODUCTION 

This document defines the procedure to be used to saturate water with 

nitrogen for use in TeS testing. 

PROCEDURE 

The setup shown in the attached Figure will be used to saturate the water 

with nitrogen. All 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 lb/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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3.0 

4.0 

4.1 

INTRODUCTION 

Purpose 

This test plan and procedure defines the Gas/Liquid Separator, a component of 
the Thermal Control System, Water Transport Subsystem (WTS) 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. 

Description 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-C2lA Water, High Purity (Potable) Specification for 

Hamilton Standard 

HS 1550 
SVP 114 

Pre-Acceptance, Cleaning, Preservation and Handling of Products 
Test Fluid Control (High Purity Water) 

TEST SEQUENCE 

Sequence 

1 
2 
3 
4 

Test 

Examination of Product 
Proof Pressure Test 
Leakage Test 
Separation Verification Test 

SPECIAL INSTRUCTIONS 

Rigor 

Test Number 

5.1 
5.2 
5.3 
5.4 

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 change to the approved test plan will be coordinated with NASA. 
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4.2 Reporting 

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

4.3 Control of the Test Flan 

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. 

4.4 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 
c. Environmental Conditions 
d. Test Operator 
e. Test Equipment 
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 Temper­
atur-a and Barometric Pressure. Correction shall be made to provide agreement 
with the temperature and pressure calibration of the instruments. 

4.6 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-C2l with the following exceptions: 

1. The water shall contain Silver bromide at a concentration of 50-l00PPb. 
2. Total solids shall be 3.5 mm/liter maximum. 
3. The particulate contamination shall be as follows: 

Particle Size Range 
(Microns). 

0-25 
25-50 
50-100 

100-250 
250 

Fibers 

100-250 
250-400 

400 

C-123 

Maximum Number of Particles 
Per 100 ML 

Unlimited 
2,100 

100 
4 
o 

Maximum Number of Particles 
Per 100 ML 

1 
1 
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4. 
5. 

o 
The pH range shall be 5.S to 7.5 at 25 C. 
The following subparagraphs of MSC-SPEC-C2l 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 HS1550Cl. 

NOTE: Water cleaned per SVPl14 meets the requirements above. 

5.0 DEVELOPMENT TESTS 

5.1 Examination of Product (Log Sheet 6.1) 

Examine the item ~~ith 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. 

5.2 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. ~laintain this pressure for five minutes. There shall be no 

permanent deformation as a result of this test. 

5.3 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. 

5.4 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 lb/hr. Observe and record the liquid circuit.4 P 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. 

5.5 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. 
C-125 
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1.0 INTRODUCTION 

1.1 Purpose 

The test plan and procedure defines the Thermal Control System 

Vehicle Umbilical Connector development test program. 

1.2 Scoee 

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. 

1.3 Descrietion 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. 

2.0 APPLICABLE DOCUMENTS 

Drawings 

SVSK 90196 Water Connector 

Standards 

MIL-P-2740l 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) 
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3.0 TEST SEQUENCE 

Seguence 

1 

2 

3 

4 

5 

6 

7 

4.0 SPECIAL INSTRUCTIONS 

Test 

Examination of Product 

Proof Pressure Test 

Cross Leakage Test 

External Leakage Test 

Force to Connect 

Delta P Coupled 

Delta P Uncoupled 

--~-l 

T 

Test Number 

5.1 

5.2 

5.3 

5.4 

5.5 

5.6 

5.7 

4.1 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. 

4.2 Reporting 

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

progress reports. 

4.3 Control of the Test Plan 

It shall be the responsibility of the project engineer to insure 

that the historical log sheets reflect all operations on the test 

article during the test program. 
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4.4 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 limited 

to, the following data: 

a. Test Title and Procedure Section Number 

b. Date 

c. Environmental Conditions 

d. Test Operator 

e. TEH;lt Equipment 

f. Notes and Comments 

g. Tes't 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 provide agreement with the temper~ture and pressure 

calibration of the instruments. 

4.6 Cleanliness Requirements 

Nitrogen conforming to MIL-P-27401 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: 
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4.6 (Continued) 

i. The water shall contain silver bromide at a concentration 

2. 

3. 

of 50-100 PPb. 

Total solids shall be 3.5 mm/liter maximum. 

The particulate contamination shall be as follows: 

Particle Size Range 
(Microns) 

0-25 

25-50 

50-lor 

100-250 

250 

Fibers 

100-250 

250-400 

400 

Maximum Number of Particles 
Per 100 ML 

Unlimited 

2,100 

100 

4 

o 

Maximum Number of Particles 
Per 100 ML 

1 

1 

O. 

4. The PH range shall be 5.5 to 7.5 at 250 C. 

5. The following subparagraphs of MSC-SPEC-C2l 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 
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The external surfaces of the test article shall be maintained to 

a cleanliness level of HS l550Cl. 

NOTE: Water cleaned per SVP 114 meets the requirements above. 

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 deg~adation 

of unit during the test program. Determine and record the dry 

weights of the uni~~ 

5.2 Proof Pressure (Log Sheet 6.2) 

5.3 

5.4 

Se~ up the unit as shown in Figure 3 and pressurize,the liquid 

circuit with nitrogen to a pressure of 57 ~ 2 psig. Maintain 

this pressure for five minutes. Couple the halves and repeat 

the test. There shall be no permanent deformation as a result 

of this test. 

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 

shall not exceed 5 lb/hr. 

External Leakage Test (Log Sheet 6.4) 

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. 
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5.4 (Continued) 

Uncouple the connectors and repeat the above test. There shall 

be no evidence of water leakage • 

~,S 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. 

5.6 Delta P Coupled (Log Sheet 6.6) 

Set up the connectors as shown in Figure 7 and record the delta P 

between the back pack inlet port and the umbilical inlet port at 

water flows of 50, 100, 150, 200, 240 lb/hr. The test shall be 

repeated with water flowing from the umbilical outlet port to the 

back pack outlet port. The delta P in either circuit shall not 

exceed .75 psi at 240 lb/hr. 

5.7 Delta P Uncoupled (Log sheet 6.6) 

Set up the back pack half as shown inFig~re 8 and record the 

delta P between the back pack inlet port and the back pack outlet 

port water flows of 50, 100, 150, 200, and 240 lb/hr. 

shall not exceed .25 psi at 240 lb/hr. 
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Umbilical 
Water .-. 
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Water 
Flow 

Back Pac k ~vater In 

Water Flow 

In 

i 
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Figure 1 
Coupled 

Back Pack Half 
(Panel Mounted) 

Figure 2 
Uncoupled 
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0-100 psig 

Umbilical Half 

cap 
Back Pack Half 

Proof Pressure Test 

Figure 3 
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cap cap 

· " 

0-15 psig 

Back Pack Water In \ 1 

Figure 4 

Cross Leakage Test 
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0-15 psig 

Figure 5 

External Leakage Test 
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0-30 psig 

'. 

r---r --- --1 1 

Umbilical Half 

cap 
Back Pack Hall: 

Figure 6 

Force to CQnnect 
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Umbilical Umb:i.J.ic;:~J 
Water In ~la tel. Out 

~ 

0-5 psi t 
0-300 lb/hr _ .. 

-

l-
. 

Back Pack ~'la ter In Back Pa ck Water Out 

Figure 7 

'. Pressure Drop Coupled 
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0-300 lb/hr 

Water Flow 

Figure 8 

0-5 psi 

Back Pack Half 

Pressure Drop Uncoupled 
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1.0 This Appendix contains the performance test results for the two 
sublimators and the Thermal Control System. Tables 0-1 through 
0-5 contain the data obtained with the first sublimator using 
plate number 1. Tables 0-6 through 0--9 contain the data obtained 
with the first sublimator using plate number 2. The data obtained 
with the second sublimator is contained in Tables 0-10 through 
0-11, a~d the data obtained when testing the complete TCS is 
contained in Tables 0-12 through 0-14. 
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TABLE ])-1 
FIRST SUBLlMATOR 

STEADY STATE TEST RESULTS SUMMARY 

POROUS PLATE NUMBER 1 

LIQUID LOOP GAS LOOP Total 
Till Tgut Flow .iP Tin Tgut OPin OP gut ~1ow .iP Heat Load 

C C 18/sec KPa °c C °c C m Isec Pa Watts 
(OF) (OF) (lb/hr) (Dd) (OF) (OF) (OF) (OF) (cfm) (in H20) (Btu/Hr) 

1.4 .56 3.03x10-2 5.4 21.4 1.78 10.56 1.11 2.6x10-3 50 147 
(34.5) (33) (240) (.79) (70.5) (37.3) (51) (34) (5.51) (.2) (500) 

1.7 1.1 3.02x10-2 5.4 32.2 2.0 18.89 1.11 2.7x10-3 100 208 
(35) (34) (240) (.79) (90) (35.5) (66) (34) (5.86) (.4) (710) 

~ 2.22 1.67 3.0 xlO-2 5.1 43.33 1.11 33.6 1.67 3.3x10-3 124 372 
~ (36) (35) (238) (.74) (110) (34) I (92.5) (35) (7.05) (.5) (1,270) 

~ 5.56 2.5 3.06x10-2 4.3 21.67 4.44 < 10.28 2.22 2.6x10-3 37 434 
f-< (42) (36.5) (243) (.62) (71) (40) (50.5) (36) (5.55) (.15) (1,480) 

'" ~ 5.28 2.5 3.03xlO-2 4.9 31.95 2.78 18.1 2.5 2.8x10-3 100 434 
(41.5) (36.5) (240) (.72) (89.5) (37.3) (64.5) (36.5) (5.9) (.4) (15,20) 

6.67 3.89 3.03x10-2 4.6 43.89 2.22 33.1 2.78 3.3xl0-3 137 645 
(44) (39) (240) (.66) (111) (36) '. (91.5) I (37.1) (7.1) (.55) (2,200) 

10.56 5.0 3.06x10-2 4.6 20.84 5.84 10.56 1 4.2 2.6xl0-3 37 748 
(51) (41) (243) (.65) (69.5~ (42.:5) (51) . (39.5) (5.52) (.15) (2,550) 

10.56 5.0 3.06x10-2 4.4 31.67 4.44 18.1 4.44 2.7x10-3 100 798 
(51) (41) (243) (.64) (89) (40) (64.5) (40) (5.84) (.4) (2,720) 

12.5 6.67 3.0 I10-2 4.2 42.77 4.72 3.33 4.72 3.1x10-3 112 1,003 
(54.5) (44) (2311) (.61) (109) (40.5) (92) (40.5) (6.7) (.45) (3,420) 

o 12.22 7.22 3.03x10-2 5.0 43.33 10.0~ 32.78 10.0 2.7x10-J 697 909 
:! (54) (45)l!l&x. (240) (.728 psi) (110) (50)UI. (91) (SO)max. (5.7 cta) (2.8) aax . (3.100) 
'" inlet cut no.inal max at Tin inlet outlet inlet outlet nocina1 at 43.33 Max 

• 12.22°C (110°F) > Load 
(54 "F) and OP· 

32.8°C 
(91°F) 
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LIQUID LOOP 

Tin Tout Flow 
·c ·c Kg/sec 

(OF) (OF) (J.b/hr) 

.84 .84 2.96xlO-2 

(33.5) (33.5) (235) 

.28 .56 2. 95xlQ'-2 
(32.5) (33) (234) 

6.4 3.3 3.03;x:1.0-2 
(43.5) (38) (240) 

5.8 3.1 3.06xlO-2 
(42.5) (37.5) (243) 

11.7 6.11 3.09xl0-2 
(53) (43) (245) 

8.9 4.4 3.09xl0-2 
(48) (40) (245) 

9.2 4.7 3.o6xlo-2 
(48.5) (40.5) (243) 

3.1 1.9 2. 99xl0-2 
(37.5) (35.5) (237) 

2.2 1.67 2. 99xl0-2 
(36) (35) (232) 

Time to start up ~ 20 Seconds 
Time to Shutdown ~ 4\{inutes 

TABLE D-2 
FIRST SUBLIMATOR 

MISSION TEST (VENTING) RESULTS St»IARy 

POROUS PLATE NUMBER 1 --
GAS LOOP 

AP Tin Tout 'OPin TIPout 

KFa °c °c °c ·C 

(psi) (OF) (OF) (OF) COF) 

5.1 38.9 3.3 28.9 3.1 
(.74) (102) (38) (83.5) (37.5) 

5.1 42.2 3.9 30.00 3.3 
(.74) (108) (39) (86) (38) 

9·9 40.5 5.6 23.4 4.7 
(.71) (105) (42) (73.5) (40.5) 

4.9 41.7 5.0 23.4 4.2 
(.71) (107) (41) (73.5) (39.5) 

4.4 42.8 6.7 32.22 6.7 
( .64) (109) (44) (90) (44) 

4.7 43.3 5.6 25 4.7 
(.68) (110) (42) (77) (40.5) 

4.4 43.3 26.11 4.7 5.0 
(64) (110) (41) (79) (40.5) 

4.9 43.9 3.9 28.6 3.3 
(.71) (ill) (39) {83.5) (38) 

5.0 43.9 3.9 28.3 3.3 
(.73) (111) (39) (83) (38) 

-----

Flow 
rrP/sec 
(cfm) 

33.8xlO-4 
(7.16) 

30.6x10-4 
(6.49) 

32.9xl0-4 
(6.98) 

32.9xl0-4 
(6.99) 

36.2xlO-4 
(7.68) 

31.6xl0-4 
(6.7) 

33.9xl0-4 
(7.2) 

34.4xlO-4 
(7.29) 

35.2xl0-4 
(7.45) 

~ 

/' 

'. 

AP 
Fa 

(in H2O) 

ill 
(.45) 

99 
( .4) 

111 
(.45) 

124 
( .5) 

136 
(.55) 

124 
(.5) 

1.24 
(..5) 

ill 
(.45) 

136 
(.55) . 
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LIQUID LOOP 

T~n Tgut FlbW 
C C Kf!,/ sec 

(OF) (OF) (lb/h;) 

1.9 1.4 3.Otl0-2 
(35.5) (34.5) (238) 

2.2 1.7 3.0xl0-2 
(36.4) (35) (238) 

5.3 2.8 2. 99xl0-2 
(41. 5) (37) (237) 

5.3 2.8 2. 98xlO-2 
(41.5) (37) (236) 

10.8 5.6 3.OxlO-2 
(51.5) (42) (238) 

8.1 4.2 2.98xlO-2 
(46.5) (39.5) (236) 

8.6 4.4 2. 95xlO-2 
(47.5) (40) (234) 

5.6 2.8 2. 95xlO-2 
(42) (37) (234) 

2.2 1.7 3.05xlO-2 
(36) (35) (242) 

--

Time to Start up "!! 25 Seconds 
Time to Shutdown - 4 Minutes 

l 
t:~-~~~:~~~:~~~~:::::=::_,; _____ .c_~'-~_.- __ _ 

TABLE n-3 
FIRST SUBLIHAIOR 

MISSION Tmi (YENTIIIj)RE§ULTS SlJMM.II..RY 
POROUS PLATE NUMBER 1 

,6p Tin 
I 

Tout 
Kpa DC DC 
(psi} (OF) (OF) 

5.0 43.3 3.3 
(.73) (110) (38) 

5·0 43.3 3.3 
(.73) (llO) (38) 

4.6 42.8 2.78 
( .66) (109) (37) 

4.6 42.8 3.1 
( .65) (109) (37.5) 

3.2 43.9 5.0 
(.47) (ill) (41) 

3.4 43.3 4.4 
(.49) (llO) (40) 

4.0 43.3 3.9 
(.58) (110) (39) 

4.3 43.3 2.8 
( .63) (llO) (37) 

5.2 43.3 2.8 
(.75) (llO) (37) 

GAS LOOP 

DPin DPout 
·C DC 

(op) (OF) 

29.2 1.9 
(84.5) (35.5) 

29.4 2.2 
(85) (36) 

23 2.8 
(73.5) (37) 

23.6 2.8 
(74.5) (37) 

32.5 3.9 
(90.5) (39) 

25 3.6 
(77) (38.5) 

25.6 3.6 
(76) (38.5) 

24.1 2.6 
(75.5) (36.5) 

29.4 2.6 
(85) (36.5) 

Flow 

i~)c 

33.7xlO-4 
(7.18) 

32.4xlO-4 
(6.9) 

33.4xlO-4 
(7.1) 

34.8xlO-4 
(7.4) 

34.3xl0-4 
(7.3) 

35.3xl0-4 
(7.5) 

34.8xlO-4 
(7.4) 

34.3xlO-4 
(7.3) 

35.3xl0-4 
(7.5) 

.-.-~ .. ,'''< .. --

Ap 
I 

Fa 
{in lhOJ 

124 
(.5) 

136 
(.55) 

136 
(.55) 

149 
(.6) 

149 
(.6) 

149 
(.6) 

149 
(.6) 

149 
( .6) 

149 
( .6) 
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LIQUID LOOP 

Tin Tgut Flow 
0 0 Kg/sec 

(OF) (OF) (-lbfhr) 

3.9 2.2 2. 96xl0-2 
(39) (36) (235) 

5·3 2.8 2.96xlO-2 
(41.5) (37) (235) 

6.1. 3.1. 2.g6xlO-2 
(43) (37.5) (234) 

10.6 5.6 2.g6x1.0-2 
(51) (42) (234) 

fI.3 4.1. 2. 93x10-2 
\,-7) (39.5) (232) 

2.93xlO-~ 8.9 4.4 
(48) (40) (232) 

6.4 3.3 2. 93x10-2 
(43.5) (38) (232) 

2.8 1..9 2.96.10-2 
(37) (35·5) (234) 

TilIle to Start up '<!' 20 Seconds 
Time to Shut down "'" 4 Minutes 

r······ , . 

, II 
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TABLE D-4 • 
FIRST SUBLIKATOR 

MISSION TEST (VENl'IN:> )RESULTS StHlARy 
POROns PT.A.Tf': NUMBER 

GAS LOOP 

I 
b'P Tin Tgut TIPin DPout flOII' AP 1 

Kpa 0 0 °0 °0 i~)c (~ IL.,o)i (psiJ (OF) (OF) (OF) (OF) 

4.4 '44.4 2.2 29.4 2.6 30.9xl'0-4 124 
( .64) (ll2) (36) (84.5) (36.5) (6.58) (.5) 

4.3 43.6 3.3 23.6 3.9 3l.3JU0 .. 4 III 
( .63) (llO.5) (38) (74.5) (39) (6.66) (.45) 

4.2 43.3 2.2 25 3.9 30.5xl.0-4 :Lll 
(.62) (llO) (36) (77) (39) (6.48) (.45) 

3.8 44.4 3.9 32.8 5 30.9xJ.0-4 1.24 
(.55) (ll2) (39) (91.) (41.) (6.57) (.5) 

3·9 44.4 3.3 25.3 4.1. 3:L.3d0-4 1.24 
( .57) (ll2) (38) (77.5) (39.5) (6.67) (.5) 

3l.l.xl.0-4 3.9 43.9 3.3 25 4.7 136 
(.57) (:Lll) (38) (77) (40.5) (6.61.) (.55) 

4.2 43.9 2.8 24.1. 4.1. 3l.l.xl.0-4 124 1 

(.62) (lll) (37) (75.5) (39.5) (6.63.) (.5) 

4.2 43.9 1.1. 29.2 1.4 30.6xl.0-4 136 

I (.65) (:Lll) (34) (84.5) (34.5) (6.5) (.55) 
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TABLE D-5 
FIRST SUBLIMATOR 

MISSION TE3T(NON VENTING) RESULTS SlMMARY 

~ 

, 

o 
I 

0'1 

., 

Tin 

(:;, 
6.9 

(44.5) 

5.3 
(41.5) 

5.0 
(41) 

5.8 
(42.5) 

6.4 
(43.5) 

6.7 
(44) 

5.3 
(41.5) 

6.1 
(43) 

6.1 
(43) 

LIOtJIl) LOOP 

Tout 1 Flow 

(:;, 1 ~~i~C 1b hr) 

8.6 2.9fjx10-2 

(47.5) (235) 

7.5 2. 95x10-2 
(45.5) (234) 

6.4 2.94x10-2 
(43.5) (233) 

6.9 2.96x10-2 
(44.5) (235) 

8.3 3. 0lx10-2 
(47) (239) 

8.6 2.99xl0-2 
(47.5) (237) 

6.4 3. 0lxl0-2 
(43.5) (239) 

1.2 3.0lxlO-2 
(45) (239) 

7.2 3.0lxlO-2 
(45) (239) 

~~~":~:"~:.;~:~~:;\~u~:~:~~~:~~~.:~:~~.~~._:, ._ , __ , .= ..•• " __ ~ .. _.~_._ .••. ~~ __ ._.~~ ~ ,. ___ . __ ~ __ .• "._ 

~p 

Kpa 
(psi) 

3.7 
( .54) 

3.7 
(.54 ) 

.37 
(.54 ) 

4.8 
( .69) 

3.9 
(.57) 

3.9 
(.56) 

4.1 
( .6) 

3.8 
(.59) 

4.l 
( .6) 

GAS LOOP 

Tin Tout 'OPin 'OPout Flow 

°c °c °c °c nJ3/sec 
(OF) (OF) (OF) (<IF) (cfm) 

43.9 8.9 28.9 8.9 33.8x10-4 
(111) (48) (84) (48). (7.2) 

44.4 8.3 29.7 8.3 33.8x10-4 
(112) (47) (85.5) (47) (7 ~2) 

43.3 6.7 23.9 7.2 32.4x10-4 
(110) (44) (75) (45) (6.9) 

43.3 7.2 24.4 7.8 33.8x10-4 
(110) (45) (76) (46) (7.2) 

43.3 8.9 32.8 9.4 32.6x10-4 
(110) (48) (91) (49) (6.95) 

43.9 8.9 32.8 8.3 31.7x10-4 
(111) (48) (91) (47) (6.75) 

43.3 7.2 25.8 7.2 33.8x10-4 
(no) (45) (78.5) (45) (7.2) 

42.8 7.2 26.5 7.2 34.3x10-4 
(109) (45) (79.5) (45) (7.3) 

42.8 7.2 23.6 7.2 33.4x10-4 
(109) (45) (74 .• 5) (45) (7.1) 

llo.p 
Fa 

(in H-:>O' 

149 
( .6) 

149 
( .6) 

136 
( .55) 

1.24 
(.5) 

124 
( .5) 

111 
(.45) 

149 
(.6) 

161 
(.65) 

149 
(.6) 
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Tin 
°c 

(OF) 

6.1 
(43) 

6.1 
(43) 

6.4 
(43.5) 

C~~ _'J_'_~ __ " .-- __ 

LIQUID LOOP 

Tout FlOW 
°c I'g~~) (OF) hb 

----_. 

I 7.2 3. OlxlO-2 
(45) (239) 

7.5 j.oixlo-2" 
(45) (239) 

8.l. 2. 96x:w-2 
(46.5) (235) 

_ __ .... ___ ."~ ___ .L._ .. _"..: • 

TABLE »-5 (Continued) 
FIRST SUBLlKATOR 

MISSION TEST (NON VENTING) RESULTS SUMMARY 

GAS LOOP 

Llp Tin Tout TIPin TIPout 
Kpa °c °c °c °c 
(1)si) (OF) (OF) (OF) (OF) 

4,.1 42.8 7.2 24.4 7.2 
(6) (109) (45) (76) (45) 

4.1 42.8 • 7.8 29.2 7.8 
(.59) (109) (46) (84.5) (46) 

4.0 42.8 8.9 29.2 8.6 
(.58) (l.09) (48) (84.5) (47.5) 

------------- ~ 

.. 
",-.~-....'----...--

I 
o 

Flow A,.p 

f/sec PI!. 
cfm) (in It-,O) 

rl 
i 

34.3xlO-4 161 
(7.3) (.65) 

32.9xl0-4 161 
(7.0) (.55) 

32.7xlO-4 136 
(6.95) (.55) 

-~ i 
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CO 

Ul 
E< 
..:l 
;:l 
Ul 

f:l 
E< 
Ul 
w 
E< 

0 
w 
Do 
Ul 

Tin °c 
(OF) 

1.4 
(34.5) 

1.7 
(35) 

2.8 
(37) 

5.8 
(42.5) 

6.1 
(43) 

7.2 
(45) 

10.3 
(52.5) 

11.4 
(52.5) 

12.2 
(54) 

12.22 
(54) -
inlet 

~~:::-:~~::~~J~~ff~i-g~r.\:--;;:;:.l~:~"'::;;':'''-:;;'~-:'';~ ;::~";.'~ 

~~ ••.. _.c_."~ .......... ~::..."":;_. __ ... c,, . .,_~ __ 

LIQUID LOOP 
Flow 

Tout °c Kg/sec 
(OF) (lb/hr) 

.8 3.04xlO-2 
(33.5) (242) 

1.1 3.00xlO-2 
(34) (238) 

2.2 3.02xlO-2 
(36) (240) 

3.1 3.10xlO-2 
(37.5) (246) 

3.3 3.00xlO-2 
(38) (238) 

4.4 3.03xlO-2 
(40) (240) 

5.6 3.07xlO-2 
(42) (244) 

5.8 3.02xlO-2 
(42.5) (240) 

6.7 3.02xlO-2 
(44) (240) 

7.22 3.03x10-2 
(45) max (240) 
out nominal 

TABLE 0-6 
STEADY STATE TEST RESULTS SUMMARY 

FIRST SUBLIMATOR 
POROUS PLATE NUMBER 2 

GAS LOOP 

Delta P DPin 
KPa Tin °c Tout °c °c DPout Oc 

(psi) (OF) (OF) (oF) (OF) 

5.4 21.1 2.5 10 3.3 
(.79) (70) (36.5) (50) (38) 

5.3 32.2 2.22 18.6 3.6 
(.78) (90) (36) (65.5) (38.5) 

5.1 42.8 2.8 33.1 3.6 
(.74) (109) (37) (91.5) (38.5)' 

4.8 22.2 4.44 9.2 4.7 
( .7) (72) (40) (48.5) (40.5) 

4.6 33.6 4.2 18.6 5 
( .68) (92.5) (39.5) (65.5) (41) 

4.6 42.8 2.8 33.1 5.3 
( .66) (109) (40) (91.5) (41.5) 

4.6 :12.8 6.7 9.4 5.6 
( .66) (73) (44) (49) (42) 

4.4 33.3 6 19.2 6.7 
(.62) (92) (43) (66.5) (44) 

4.2 43.9 6.7 31.9 7.5 
(.61) (Ill) (44) (89.5) (45.5) 

5.0 43.33 10.00 32.78 10.0 
(.728 pd) (HO) (50) max (91) (50) max 
max at Tin inlet outlet inlet outlet 
.. 12.22oC 
(54°F) 

. 

F.low Delta P 
m3/sec Pa 

(cfm) (in H2O) 

2.8x10-3 87 
(5.87) (.35) 

2.8x10-3 75 
(6.05) (.3) 

3.1xlO-3 100 
(6.5) (.4) 

2.8xlO-3 75 
(5.89) ( .3) 

2.8xlO-3 75 
(6.05) ( .3) 

3.1xlO-3 100 
(6.6) (.4) 

2.8xlO-3 70 
(5.93) (.28) 

2.8xlO-3 75 
(6.05) (.3) 

3.1xlO-3 112 
(6.5) ( .45) 

2.7xlO-.l 6!17 
(5.7 cfm (2.8) rna' 
nominal at 43.33 

(HOOF) 
and DP .,., 
32.8oC 
(9l0 F) 

Total 
Heat Load 

Watts 
(Btu/Hr) 

114 
(390) 

170 
(580) 

334 
(1,140) 

393 
(1,340) 

446 
(1,520) 

616 
(2,100) 

783 
(2,670) 

798 
(2,720) 

938 
0,200) 

909 
(3,100) 
Max 
Load 
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TABLE D-7 
MISSION TEST (VENTING) RESULTS SUMMARY 

FiRST SOBtIMATOR 
POROUS PLATE NUMBER 2 

~ 

.., .. :~_. "_.~_' .. _"._~._'" ... _ ... ,,~ _ .. ;_~ .. _ . ,._~~~~~.....:v>__ '~;~. (>-,:e::!* e=-,,!!,,·j-.~t' ,. 
l' 
I· 
~~-~........-.--

i - --'. ; 
= 

LIQUID LOOP GAS LOOP 

I .-~ 

, 

, 

~ 

o 
I 
\0 

r-i 

P: 
;a 

~ 
::> 
:z: 
~ 
H 
u 
>t 
U 

:z: 
0 
H 
Ul 
Ul 
H 
:£ 

T~n Tout Flow 
C oc Kg/sec 

(OF) (OF) (lb/hr) 

7.2 3.9 .3.02xlO-2 
(45) (39) (240) 

7.2 4.2 3.0x10-2 
(45) (39.5) (238) 

6.9 4.2 3.1x10-2 
(44.5) (39.5) (246) 

12.2 6.7 3.l2x10-2 
(54 ) (4.4) (248) 

10.6 6.1 3.12x10-2 
(51) ( 43) (248) 

7.5 4.4 3.lxlO-2 
(45.4) (40) (246) 

Time to start up - 20 Seconds 
Time to shutdown - 2 Minutes 

f .~".,. ...... .. .. ..... . ..... 
~..-.:::.._ .... :O'_ ........ .>Jo.~~_._ ......... ....,.iL: ......... ...::.!..I..~ ........ :.._,----.:...~'"-"--.~_, .• _ .. ..,.,;-i:k ...... _~_... ._,_~_ ......... _,_~~., __ 

Delta P Tin 
KPa oc 

(psi) (OF) . 

4.5 45 
(.65) (113) 

4.7 46 
(.68) (115) 

4.3 ~4.4 
(.63) (112) 

4.3 ~5.6 
(.63) (114) 

4.5 44.4 
(.66) (112) 

4.8 44.4 
(.70) (112) 

.. 

Tggt DPin DPout Flow Delta P 
°c Oc m3/sec Pa 

(OF) (OF) (OF) (cfm~ (in H2O) 

6.7 21.7 4.4 2.7xlO-3 III 
(44) (71) (40) (5.65) (.45) 

5.6 24.2 3.3 3.0x1C-3 123 

0 

rI 
(42) (75;5) (38) (6.35) ( .5) 

5.8 23.9 5.6 3.0x10-3 148 
(42.5) (75) ( 42) (6.44) (.6) 

7.2. 28.6 7.2 3.1x10-3 136 
(45) (83.5) (45) (6.49) ( • .55 ) 

6.7 26.1 6.7 3.0x10-3 136 
,( 44) (79) (44) (6.40) (.55) 

5.6 24.4 5.3 2.9x10-3 136 
(42) (76) (41.5) (62~ 7) (.55) 

...----
,j 

~__ ~_______J 
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TABLE D-8 
MISSION TEST (VENTING) RESUL'irS SUMMARY 

FIRST SUBLIMATO~ 
POROUS PLATE NUMBER 2 

LIQUID LOOP GAS LOOP 

Tin Tout Flow Delta P 

,l 
o 
I 
~ 
o 

N 

ro:I 
..:I 
u 
>t 
u 
z 
0 
H 
fIl 
fIl 
H 
:£ 

oc Oc Kg/sec 
(OF) (OF) (lb/hr) 

2.5 1.9 3.0xlO-2 
(36.5) (35.5) (238) 

2.5 1.9 3.02x10-2 
(36.5) (35.5) (240) 

6.4 3.6 3.05x10-2 
(43.5) (38.5) (242) 

6.4 3.6 3.05x10-2 
(43.5) (38.5) (242) 

12.8 7.2 3.07x10-2 
(55) (45) (244) 

9.4 5 3.05x10-2 
(49) (41) (242) 

9.4 5 3.0x10-2 
(49) (41) (238) 

6.4 3.6 3.02x10-2 
(43.5) (38.5) (240) 

2.5 1.9 3.02x10-2 
(36.5) (35.5) (240) 

Time to s~art up - 15 Seconds 
Time to shutdown - 4.8 Minutes 

t::.'~~=~::~;='~~~~~',-~':.~_ ... ~~_._. __ ~ ___ .. _.'. ______ ._ . __ ~ 

Kpa 
(psi) 

5.0 
(.73) 

5.0 
( .73) 

4.66 
(.68) 

4.66 
(.68) 

4 • .2 
(.61) 

4.2 
(.62) 

4.2 
(.62) 

4.5 
(.65) 

4.8 
(.70) 

-_. 
Tin Tout DPin DPout 
Oc Oc °c oc 

(OF) (OF) (OF) (OF) 

40.3 3.1 29.4 3.9 
(104.5) (37.5) (85) (39) 

41.1 3.1 29.4 3.9 
(106) (37.5) (85) 09) 

41.1 4.2 23.6 5.3 
(106) (39.5) (74.5) (41.5) 

41.9 4.4 23.6 5 
(107.5) ( 40) (74.5) (41) 

44.2 6.7 33.1 6.9 
(111.5) (44 ) (91.5) (44.5) 

42.5 5.6 24.4 5.8 
(108.5) (42) (76) (42.5) 

41.9 5.6 24.7 6.1 
(107.5) (42) (76.5) (43) 

42.2 4.4 23.9 4.7 
(108) (4.0) (75) (40.5) 

43.3 3.6 28.9 3.9 
(110) (38.5) (84) (39) 

ii,~\...-..~~_. 

Flow 
m3;sec 
(cfm) 

2.7x10-3 
(5.63) 

2.8x10-3 
(5.69) 

2.7x10-3 
(5.74) 

3.0x10-3 
(6.41) 

3.0x10-3 
(6.44) 

3.1x10-3 
(6.54 ) 

3.1x10-3 
(6.52) 

2.9x10-3 
(6 .. '08) 

3.1x10-3 
(6.55) 

- -~"~-"~------"--, ., :-----, 

Delta P 
Pa 

(in H2O) 

87 
(.35) 

87 
(.35) 

87 
(.35) 

87 
(.35) 

99 
(.4) 

99 
(.4) 

99 
(.4) 

99 
(.4) 

99 
(.4) 

.~ .... ~",-~-.~~.-. 

I 
I 
i 
I 
o 

i ri' 

i 

:; " .. ~ .~. . 

~ 

~ 

. . J 
--~---"--,~-~--,.&..:.-.. --~.--~---~--".-~-. 
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! 

~,,~, 

1:1 
I 

...... 

...... 

("l 

ra:a 
..::I 
0 
)4 
0 

z 
0 
H 
til 
til 
H 
~ 

, , 

Tin 
Oc 

(OF) 

3.1 
(37.5) 

6.1 
(43) 

6.4 
(43.5) 

12.5 
(54.5) 

8.9 
(48) 

8.9 
(48) 

TABLE D-9 
MISSION TEST (VENTING)' RESULTS SUMMARY 

FIRST SUBLIMATOR 
POROUS PLATE NUMBER 2 

J:.IQUID LOOP GAS LOOP 

Tout Flow Delta P Tin Tout DPin DPout 
Oc Kg/sec KPa Oc Oc oc oc 

(OF) Clb/hr) (psi) (OF) (OF) (OF) (OF) 

2.2 3.02x10-2 4.8 43.3 3.9 . 28.6 4.2 
(36) (240) (.70) (110) (39) (83.5) (39.5) 

3~3 3.0x10-2 4.7 42.2 4.4 23.1 5.3 
(38) (238) (.68) (108) (40) (73.5) (41.5) 

3.6 3.02x10-2 4.7 42.2 4.4 24.4 5.6 
(38.5) (240) (.68) (l08) ( 40) (76) (42) 

6.9 3.0xlO-2 4.1 42.8 6.4 32.2 7.2 
(44.5) (238) ( .60) (109) (43.5) (90) (45) 

47 3.02x10-2 4.2 42.8 5.3 23.9 6.1 
(40.5) (240) (.62) (109) (41. 5) (75) ( 43) 

4.7 3.0x10-2 4.2 42.8 5.3 23.9 6.1 
(40.5) (238) (.62) (109) (41. 5) (75) (43) 

'~~L~~ ,"", ,,-.. , "';::"-""""":",',0, :"'C,;::"",~",::::;::~:::::;:::::,::,-:::,=';,="::::::':;'':;::::~ 

., 

Flow 
m3/sec 
(cfm) 

2.9x10-3 
(6.18) 

3.0x10-3 
(6.35) 

3.0x10-3 
(6.39) 

3.2x10-3 
(6.76) 

3.0x10-3 
(6.4) 

3.0x10-3 
(6.74) 

Delta P " 
Pa 

(in H2O) 

136 
(.55) 

136 
(.55) 

136 
! . .55 ) 

149 
(.6) 

136 
(.55) 

136 

i ; 
i 
I 
o 
rf 

- --- ----- .. - , ,- ,- -- -- --- --- --- ----- -- --- ---- --- ._- -- --
J.5~) ~ 

Time, to start up - 20 Seconds 
Time to shutdown - 4 Minutes I 

J 
J 
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, o 
I 
~ 
I'.J 

{J) 

Eo< 
..:I 
P 
{J) 

~ 
Eo< 
{J) 

~ 

U 
r&I 
Ilo 
{J) 

Tin OC 
(OF) 

1.1 
(34) 

1.4 
(34.5) 

2.5 
(36.5) 

4.7 
(40.5) 

5.0 
(41) 

7.B 
(46) 

9.2 
(48.5) 

10.3 
(50.5) 

13.3 
(56) 

12.22 
(54) 
inlet 

LIQUID LOOP 
Flow 

Tout oC Kg/sec 
(OF) (lb/hr) 

.6 3.02x10-2 
(33) (240) 

.9 3.02x10-2 
(33.5) (240) 

2.,0 3.02,>10-2 
(35.5) (240) 

" 

2.2 3.02xl0-2 
(36) (240) 

2.2 3.02x10-2 
(36) (240) 

5.0 3.02x10-2 
(41) (240) 

4.4 3.02x10-2 
(40) (240) 

4.7 3.02x10-2 
(40.5) (240) 

7.8 3.02xlO-2 
(46) (240) 

7.22 3.03x10-2 
(45) max (240) 
out nomirla1 

Delta P 
KPa 

(psi) 

3.4 
( .54) 

3.8 
( .56) 

3.3 
(.48) 

2.9 
(.42) 

3.4 
( .5) 

2.7 
( .4) 

2.9 
(.42) 

2.7 
(.4) 

2.1 
(.3) 

TABLE D-10 
STEADY STATE TEST RESULTS SUMMARY 

SECOND SUBLIMATOR 
POROUS PLATE NU~mER 1 

GAS LOOP 
DPin 

Tin oC Tout oc oC DPout oC 
(OF) (OF) (OF) (OF) 

22.5 2.5 10.0' 3.1 
(72.5) . (36.5) (50) (37.5) 

33.1 2.2 17.8 3.6 
(91.5) (36) (64) (38.5) 

43.3 3.3 32.2· 3.6 
(110) (38) (90) (38.5) 

22.8 4.4 11.1 5.3 
(73) (40) (52) (41.5) 

32.5 4.4 18.9 6.1 
(90.5) (40) (66) (43) 

44.1 6.7 32 6.4 
(111. 5) (44) (89.5) (43.5) 

23.1 7.5 12 11.7 
(73.5) (45.5) (53.5) (53) 

32.1 7.5 18.9 8.1 
(91.5) (45.5) (66) (46.5) 

45.5 9.7 33.3 10 
(114) (49.5) (92) (50) 

, 

5.0 (.728 43.33 10.00 32.78 10.0 
psi) max (110) (50) max (91) (50) max 
at T' = 
12.2~Bc 

inlet outlet inlet outlet 

(540F) 

~lOW Delta P 
m3/sec Pa 

(cfm) (in H2O) 

2.7x10-3 38 
(5.7) ( .15) 

2.8x10-3 38 
(5.95) ( .15) 

3.4x10-3 63 
(7.27) (.25) 

2.7xl0-3 38 
(5.7) ( .15) 

2.9xl0-3 38 
(6.3) ( .15) 

3.3xl0-3 75 
(7.0B) ( .3) 

2.8xl0-3 38 
(5.8) ( .15) 

2.9x10-3 50 
(6.3) (.2) 

3.5xl0-3 75 
(7.4) (.3) 

2.7x10-3 697 
(5.7 cfm) (2.8) max 
nominal at 43.33 

(1100F) 
and DP =' 
32.8oC. 
C910Fl 

Total. 
Head Load 

Watts 
(Btu/Hr) 

117 
(400) 

167 
(570) 

337 
(1,150) 

370 
(1,260) 

452 
(1,540) 

636 
, 

(2,170) I 

I 

674 I 

(2,300) 

815 
(2,780) 

988 
(3,370) 

909 
(3,100) 
Max 
Load 

, ~-~'--:"-==--::::'-'--:'=--=-~=~':~ 

! 

\ 

I 
I 
i 
I 
o r! 
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~~ 

I 
.' 
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~'-',-' 

o 
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Tin °c 
(OF) 

7.2 
( 45) 

6.7 
(44) 

7.0 
(44.5) 

TABLE D-11 
STEADY STATE TEST (NON VENTING) RESULTS SUMMARY 

SECOND SUBLIMATOR 
POROUS PLATE NUMBER 1 

LIQUID LOOP GAS LOOP 

Flow DeltaP DPin 

Tout oc Kg/sec KPa Tin oc Tout oc oc DPout oc 

(OF) (lb/hr) (psi) (OF) (OF) (OF) (OF) 

8.9 3.02xlO-2 2.3 43.3 B.3 ' 3.2 8.6 

(48) (240) (.33) (110) (47) (90) (47.5) 

7.5 3.02xlO-2 2.3 43 B.O 26.7 8.0 

(45.5) (240) (.33 ) (109.5) (46.5) (BO) (46.5) 

7.8 3.02x10-2 2.3 43 8.0 21.1 8.0 

(46 ) (240) (.33) (109.5) (46.5) (70) (46.5) 

j.l: 

Flow Delta P 
m3/sec Pa 

(cfm) (in H2O) 

3.3x10-3 50 
(6.93) ( • 2) 

3.0x10-3 50 
(6.45 ) (.2) 

2.Bx10-3 25 
(6.0) ( .1) 

I 

------- ~ 

; 
i 
i 
I 
o 

~ r
~ 

i' 

-~~ 

J 

1 
--- .. 1 

i 
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Flow 
Kg/Hr 

(Lb/Hr) 

110 
(241) 

110 
(241) 

110 
(243) 

110 
(241) 

110 
(241) 

110 
(241) 

110 
(241) 

110 
(241) 

Liqu~d Loop 

Tin Tout 
OC OC 

(OF) (OF) 

24.7 24.7 
(76.5) (76.5) 

3.0 2.8 
(37.5) (37) 

7.2 4.7 
(45) - (40.5) 

6.4 4.1 
(43.5) (39.5) 

12.2 6.7 
(54) (4<,: I 

9.7 5.6 
(49.5) ( 42) 

6.9 4.1 
(44.5) (39.5) 

6.9 4.1 
(44.5) (39.5) 

Subl 
Tout 

oC 
(OF) 

24.7 
(76.5) 

2.8 
(37) 

4.4 
(40) 

3.9 
( 39) 

6.7 
(44 ) 

5.6 
(42) 

4.4 
( 40) 

4.4 
(40) 

TABLE D-12 
THERMAL CONTROL SYSTEM 

MISSION TEST (ROOM START) 
DATA SUMMARY 

Flow Tin Tout 
M3/Sec OC oc 
(ACFM) (OF) (OF) 

2.9xlO~3 34.7 24.1 
(6.25.) (94.5) (75.5) 

2.9x10-3 43.3 9 •. 4 
(6.25) (110) ( 49) 

2.9xl0-3 43.3 9.1 
(6.3) (110) (48.5) 

2.9x10-3 42.2 8.3 
(6.2) (108) (47) 

2 ... -9xlO-3 42.2 9.7 
(6.25) (108) (49.5) 

2.9x10-3 42.2 9.1 
(6.25 ) (108) (48.5) 

3.1xl0-3 43 8.0 
(6.65) (109.5) (46.5) 

2.9x10-3 43 8.0 
(6.25) (109.5) (46.5) 

Gas Loop 
Subl 
Tout TDPin 

OC oC 
(OF) (OF) 

25 18.Ei 
(77) (65.5) 

4.7 28.9 
(40.5) (84) 

5.6 23.3 
( 42) (74) 

5.0 12.2 
( 41) (54) 

6.9 7.8 
(44.5) (46) 

6.4 9.7 
(43.5) (49.5) 

5.3 10.8 
(41.5) (51.5) 

5.3 10.8 
(41. 5) (51.5) 

.. 

TDPout 
oC 

(OF) 

18.0 
(64.5) 

4.1 
(39.5) 

5.6 
(42) 

5.0 
(41) 

6.7 
(44 ) 

5.6 
( 42) 

5.3 
(41. 5) 

5 .• 3 
(41.5) 

Total 
Heat Load 

Watts 
(Btu/Hr) 

Pre Start Ut 

270 
(920) 

510 
(1740) 

432 
(1475) 

789 
(2690) 

623 
(2125) 

453 
(1545) 

462 
(1540) 

.. 

---------.----.:~ 
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a 
I .... 

U1 

.. 

Flow 
Kg/Hr 

(Lb/Hr) 

110 
(242) 

110 
(241) 

110 
(242) 

109 
(240) 

108 
(238) 

110 
(241) 

10.9 
(240) 

109 
(240) 

109 
(240) 

110 
(241) 

Liquid Loop 
Subl 

Tin Tout Tout 
OC OC OC 

(OF) (OF) (OF) 

1.7 2.2 2.2 
(35) (36) (36) 

3.9 3.3 3.6 
(39) (38) (38.5) 

7.8 5.3 5.3 
(46) (41. 5) (41. 5) 

7.8 5.3 5.3 
(46) (41. 5) (41. 5) 

7.8 5.3 5.3 
(46) (41.5) (41. 5) 

14.1 8.6 8.3 
(57.5) (47.5) (47) 

10.6 6.7 6.4 
(51) ( 44) (43.5) 

10.6 6.7 6.7 
(51) (44) (44 ) 

4.1 3.6 3.6 
(39.5) (38.5) (38.5) 

, 
4.1 3.6 3.6 

(39.5) (38.5) (38.5) 

L , ... _ _ ..... "".,. _ 
~-~.~'~,.... .. ~--....... ~ ................. ~a;"""""' __ :"-~~_~""'-.!-'""tl=~_"""':=--J...."'''''''''':''~'_~ __ '''': 

TABLE D-13 
THERMAL CONTROL SYSTEM 

MISSION TEST (COLD START) 
DATA SUMMARY 

Flow Tin Tout 
M3/Sec OC OC 
(ACFM) (OF) (OF) 

3.2xl0-3 27.8 12.8 
(6.9) (82) (55) 

3.3x10-3 42 10.3 
(6.98) (107.5) (50.5) 

2.9xl0-3 43.3 10.8 
(6.3) (100) (51. 5) 

2.9xl0-3 44.5 10.3 
(6.3) (112.5) (50.5) 

3.0xl0-3 45 10.3 
(6.4) (113.5) (50.5 ) 

3.3xl0-3 45.6 11.4 
(7.05) (114) (52.5) 

3.0xl0-3 44.4 11.1 
(6.35) (112) (52) 

3.0xl0-3 44.4 11.1 
(6.44) (112) (52) 

3.2x10-3 44.4 9.4 
(6.72) (112) ( 49) 

Gas Loop 
Subl 
Tout 

oC 
(OF) 

7.2 
(45) 

6.7 
(44) 

7.5 
(45.S) 

7.5 
(45.5) 

7.5 
(45.5) 

9.4 
(49) 

8. ,9 
(48) 

8.6 
(47.5) 

6.7 
(44) 

, 
3.1x10-3 I 44.4 9.1 6.4 I 

(6.52 ) (112)" i~~s.L~_~~~_ 

"-'-'~-',," .~---~ 

~ 

-....-.-t-~ 

E -; 
--

Total 
TDPin TDPout Heat Load i 

OC OC Watts 
(OF) (OF) (Btu/Hr) 

9.4 5.6 Pre Start Up I ---

(49 ) (42) 

28.6 5 396 
(83.5) (41) (1350) 

23.9 5.8 569 
(75) (42.5) (1940) 

a 
rl 

23.9 5.8 587 ;: 

OS} (42.5) (2000) 

24.7 6.9 616 
(76.6) (44.5) (2100) 

32.2 8.3 1085 
(90) (47) (3700) 

23.2 6.9 798 , 
(75.5) {44.5} (2720) 

24.7 7.5 795 
(76.5) (45.5) (27l0) 

29.4 6.1 431 
(85) (43 ) (14 70) '---3i 
28.3 5.6 402 
(83) (42) (1370) 

1 . -. , - " -- I '.. " ~ '" .. 

-.--.. -,-.,'--~-.- .. ---, .,-.-~-,--,~~.~.---.---_~_~.J 
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Flow 
Kg/Hr 

(Lb/Hr) 

109 
(240) 

109 
(240) 

112 
(246) 

109 
(240) 

108 
(237) 

108 
(237) 

106 
(234) 

Ll.qul.d LooP 

Tin Tout 
oc OC 

(OF) (OF) 

41..6 , 41. 6 
(107) (107) 

4.4 3.9 
(40) (39) 

B.9 6.4 
(4B) (43.5) 

13 B.3 
(55.5) (47) 

9.7 6.1 
(49.5) (43) 

7.5 5.3 
(45.5) (41.5) 

3.9 3.6 
(39) (38.5) 

Subl 
Tout 

oC 
(OF) 

41. 9 
(107.5) 

3.9 
(39) 

5.9 
(42.5) 

8.3 
(47) 

6.1 
(43) 

5.3 
(41. 5) 

3.6 
(38.5) 

TABLE D-l4 
THERMAL CONTROL SYSTEM 

MISSION TEST (HOT START) 
DATA SUMMARY 

Flow Tin Tout 
M3/Sec OC OC 
(ACFM) (OF) (OF) 

3.2x10-3 45 38 
(6.75) (113) (101) 

3.2x10-3 
(6.78) (120) (70) 

3.0x10-3 40.6 15.6 
(6.38) (115) (60 ) 

3.4x10-3 46 15.6 
(7.23 ) (115) (60) 

3.0x10-3 45 13.6 
(6.46) (113) (56.5) 

3.0x10-3 45 13.0 
(6.46) (113) (55.5) 

3.1x10-3 44.4 11.7 
(6.7) (112) (53) 
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l 

ili.-~~ ......... 

I ' -
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I 
Gas Loop 
Subl Total 

I ---
Tout TDPin TDPout Heat Load 

OC OC oc Watts 
(OF) (OF) (OF) (Btu/Hr) 

.42.2 28.9 27.5 Pre Start Up 
(lOB) (B4) (B1.5) 

I (50.5) 
487 

(82.5) (44.4) (1,660) 

0 :" #' 

rl 
I i! 
I 

9.4 23.6 6.9 765 
(49) (74.5) (44.5) (2,610) 

9.7 32.8 8.6 1,093 
(49.5) (91l (47.5) (3,660) 

8.9 24.1 8.3 792 

I 

\ 

\ 
( 48) (75.5) (47) (2,700) 

i 

B.O 24.1 7.2 651 
(46.5) (75.5) (45) (2,220) 

6.4 28.9 5.6 457 
(43.5) (84 ) (42) (1,560) 
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