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JOHN F. KENNEDY SPACE CENTER 

TR- 596 

FINAL TEST REPORT 

CATALYTIC-DOW 

LEM CREW COMPARTMENT COOLING SYSTEM 

LAUNCH COMPLEX 37 ,  LAUNCH AREA B 

ABSTRACT 

This  repor t  presents  a summary of the Unit and Systems Validation Testing 
performed on the LEM CREW COMPARTMENT COOLING UNIT (KECO 
Industr ies ,  Incorporated,  Model F- 106) and the complete LEM CREW COM- 
PARTMENT COOLING SYSTEM a s  installed on the Launch Complex 37 
Service Structure .  

Based on the t e s t  data obtained and the method of t e s t  performed, the sys t em 
was considered acceptable to the procuring agency. 



SECTION I 

INTRODUCTION 

1-1 PURPOSE 

This report  presents  a summary of the validation test his tory and 
resu l t s  obtained during the Systems Validation T e s t  P r o g r a m  per-  
formed during the period 8 October 1967, through 11 November 1967, 
on the KECO Industries Model F-106 LEM Crew Compartment Cool- 
ing Unit per  s e ,  and the L E M  Crew Compartment Cooling System. 

1-2 SCOPE 

T e s t  information presented encompasses Unit Confidence testing 
performed on the ground, Unit  Validation testing and System Valida- 
tion testing performed in situ on the LC-37 Service Structure .  

1-3 APPLICABLE DOCUMENTS 

GP-  384 

GP-384, Rev. B 

Technical Manual 
KECO Model F-106 
Crew Compartment 
Cooling Uni t  

System Validation Tes t  
Procedure,  LEM Crew 
Compartment Cooling Unit 

System Validation Tes t  
Procedure,  LEM Crew 
Compartment Cooling Unit 

KECO Industries 
Cincinnati, Ohio 
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SECTION I1 

VERIFICATION O F  PRE- REQUISITES 

2'- 1 , OBJECTIVES 

To verify pre-  requisites,  performance of pre- requisite testing 
and the mechanical and electr ical  configuration of the sub- sys tems 
and sys tem.  

2 - 2  METHOD 

Pre- requis i tes  required a r e  defined in Section TV of the System 
Validation Tes t  Procedures  C P -  384 and CP- 384 Revision B. Those 
pre- tes t  conditions impacting test and not met  pr ior  to  s t a r t  of test 
were  recorded at  the pre-test  review and satisfied by means of 
deviation documents, 

2- 3 PRE- REQUISITE TEST DATA 

T e s t  data i s  presented i n  the o r d e r  of the pre-requis i te  t e s t  sequence 
as performed. 

2-4  SEQUENCE O F  TESTS 

Testing was performed in the following sequence delineated in  Sections 
I11 th ru  VI. They a r e :  

(a) Unit Confidence Tes t  
(b) Unit Validation Tes t  
(c )  System Validation Tes t  
(d )  System Validation Retest 

2- 1 



SECTION 111 

UNIT CONFIDENCE TEST 

3- 1 OBJECTIVES 

This test was per  brmed to check out, cal ibrate  and gain confi- 
dence in the oper  ional stability of LEM Crew Compartment 
Unit, Model F- 106, S /  N 66086 over  a steady- state operating 
period of 72 hours  \ This test was performed remotely f r o m  the 
unit installation s i t e .  

3- 2 METHOD 

Unit S/ N 66086 and auxilliary control duct were  assembled at 
the remote location and instrumented for the following parameters :  

a. 
b. 

d. 
e.  
f .  
g. 
h. 
i. 

k. 
1. 
m. 
n.  

C. 

j. 

LEM Interface Ai r  Velocity 
LEM Interface Dry  Bulb Air  Tempera ture  
LEM Interface W e t  Bulb Air  Tempera ture  
Unit Static P r e s s u r e  
Ambient Ai r  Dry Bulb Tempera ture  
Ambient Air  Wet Bulb Temperature  
Blower (air handler) speed 
F a n  (condenser) speed 
Differential P r e s s u r e ,  P r i m a r y  Filter 
Differential P r e s  sclre, Intermediate Filter 
Differential P res su re ,  F ina l  F i l te r  
Compressor  Suction P r e s s u r e  
Compressor  Discharge P r e s s u r e  
Coil  Leaving Air  Dew Point 

These data are  presented plotted against time over  the ent i re  dura- 
tion of the t e s t ,  in  the tes t  data sect ion.  

P r i o r  to the s t a r t  of the test, the unit compresso r  gauges were  
calibrated against  a laboratory standard gauge. 
f o r  these i t ems  a r e  presented i n  subsection 3-5 T e s t  Data. 

Calibration data  

F i l t e r  differential  p ressures  were calibrated against  a flexible tube 
water  manometer .  No correct ion fo r  tempera ture  was made as the 
specific gravity of the unit manometer  fluid was given as 0.835 at 
70°F. This was within 3 O F  of the tempera ture  at which calibration 
was made.  

3- 1 



3-2 

3- 3 

METHOD (Continued) 

A test interconnect cable was  fabricated fo r  controlled operation 
and calibration at the remote testing location. 

The output of the unit reheat proportional amplifier was cal ibrate  , \  

by substitution of the LEM Interface Air  Tempera ture  senso r  wit I 

adjusted in accordance with the instructions given in the KECO , 1 1  
0 and M Manual, and read on a calibrated V. T .  V.  M. 

Tempera ture  as read  'on a calibrated pyrometer.  

a calibrated standard resis tance of 956 ohms. The output was t h  !i! 
The tempera- 

t u r e  set control was t a e n  positioned to  ag ree  with the LEM Interface 
1 

1 The LEM Interface Air Velocity was se t  t o  approximately 1300 F P M  
as read on a calibrated Velometer by adjustment of the damper  
motor  proportional bridge. Damper hurting was minimized by 
adjustment of the damper  motor speed control and the output of the 
associated proportional bridge amplifier.  

The 72 hour confidence tes t  was s tar ted 1630 hours  EDT and the 
unit was allowed to stabilize for  one (1) hour p r io r  to  the tabulation 
of official  data s ta r ted  at 1730 hours  EDT. 

TEST RESULTS SUMMARY 

The unit confidence t e s t  duration was 69 hours ,  th ree  ( 3 )  hours  shor t  
of the intended 72 hour duration. 
to  investigate and r epa i r  an anomaly in  blower operation. Auxilliary 
duct was removed and cleaned to  level four (4) by others .  

The t e s t  was prematurely terminated 

3- 4 DISCREPANCIES 

F i l t e r  deferential  p ressure  manometers  were  inoperative because of 
insufficient fluid in each. These  were  refilled and calibrated as 
stated in  section 3 - 2 .  
was pinched closed a t  sensing point. 
"TYGON" plastic hose and the manometer  recaiibrated.  

HEPA filter discharge p res su re  sensing line 
The line was replaced with 1/8" 



3- 4 DISCREPA-NCTES (Contined) 

The static p res su re  sensor  at the readout device was found to  read 
over 100 megohms. Inspection of static p res su re  t ransducer  in 
auxill iary duct showed that e lec t r ica l  connector was not plugged 
into t ransducer .  Connection was made and readout secured.  

' 

At 1430 hours  EDT on 10-9-67, a f te r  69 hours  of continuous opera-  
tion, a loud noise (approximately 10 dB over  genera l  unit noise level) ,  
s ta r ted  i n  the genera l  a r e a  of the blower discharge motorized damper .  
Noticeable vibration of the ducting i n  this  area, which was capable of 
modulation by the motorized damper  prompted immediate  terminat ion 
of the tes t .  The blower housing was removed, the impel ler  and the 
damper  blades inspected f o r  indication of damage. An inspection hole 
was cut into the duct in the area of the flow straighteners .  The out- 
side s t ra ightener  was found to  be loose at the ups t ream edge. 
flow straightener  was welded in  place and a cover  installed over  the 
inspection hole. The blower was res ta r ted  with no reoccurrence  of 
the vibration problem. F igure  3-1 shows the method of repa i r .  

The 

3- 5 TEST DATA 

Figures  3-2 th ru  3-5 
the data obtained during this test. 

present information concerning a record  of, 

I 

I 
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SECTION IV 

UNIT VALIDATION TEST 

4- 1 OBJECTIVES 

This  t e s t  was performed during the period f r o m  October 14 th ru  
October 16, 1967. 
data from the unit over a 72 hour period while delivering the rated 
41 lbs.  /min. a i r ,  while i n  place on the serv ice  s t ruc ture .  
t ional sys tem confidence would be gained anci l lary to the p r imary  
objectives as a resul t  of the planned 72 hour test duration. 

Primary objectives were to  obtain operational 

Addi- 

4- 2 METHOD 

The unit was secured in place on the fixed platform at level seven 
(7) of the LC-37 Service Structure .  with the s t ruc ture  in  launch 
position at Pad B. 
60 fee t  downstream of the unit in  the place provided in the rigid 
ducting. 
deliver air through LEM interface duct 51.2. Figure 4-1 shows 
the t e s t  set-up used. 
interface to  obtain the required laminar  flow f o r  accurate  velocity 
measurements .  
the velocity data as follows: 

The auxillary duct was positioned approximately 

The sensing cable was connected and the unit operated to  

A test  f ixture  was inser ted at the LEM 

The weight flow of air at 700F was calculated f r o m  

w= A \ / p  

A 1  



4- 2 METHOD (Continued) 

4- 3 TEST RESULTS 

The t e s t  data  was 

41. 0 lbs.  /min.  i s  the total air weight flow ICD requirement at 
the LEM interface.  
and solving f o r  V a value of approximately 1600 fpm was obtained. 
The damper  control w a s  set t o  obtain this  value a t  the LEM in ter -  
face and the discharge temperature  se t  to obtain 68'F. Discharge 
air t empera tures  were  varied throughout the test f r o m  the lower 
to  the upper limit of the reheat control. 
t e s t  parameters  plotted against t ime over  the t e s t  duration. 

P r i o r  to the s t a r t  of d a t a  acquisition, the ent i re  duct sys tem wh$ 
p r e s s u r e  checked at 3 psi. Hard line ducting was found to be ' 
essentially leak f r ee .  Static discharge p res su re  was taken at the 
discharge of the unit and reflects the p re s su re  drop thru  the en t i re  
line plus the t e s t  f i x t u r e  at the rated velocity of 1600 fpm. 

Actual s t a r t  of acceptance test was 1530 hours EDT on October 4; 
1967. 
day. Data was recorded in one (1) hour increments  over the dura-  
tion of the t e s t .  Adjustments of the proportional bridge amplif iers  
were  made during init ial  phases of the t e s t  to a s s u r e  proper  t rack-  
ing of the unit over a wide tempera ture  range. The psychrometr ic  
propert ies  of the air  a t  the LEM interface were  obtained thru  the 
use of calibrated instrumentation carrying "in date' '  calibration 
certif ications.  

By substitution of this  value in equation [l] 

F igures  4 -5  th ru  4-8  a r e  the 

\ \  

ii 
The first official data was entered at 2000 hours  the s a m e  

S'JMMARY 

within limits until 2400 hours  on October 15, 1967 

The total  Q thru  the unit was decreased by placing the damper  control  
on manual decrease  and stopping at a velocity of 1200 CFM in  an 
atte*l l- t  Y t z  J - 1 ,  u A  Y the  .;nit by decreasing the water  entrainment. The dew 
point stopped increasing and finally stabilized at approximately 42OF. 
This velocity was then returned to  the rated value of 1600 F P M  and 
the unit placed in the auto control mode once more .  The dew point 
failed to  re turn  to  below 40°F and the t e s t  was prematurely terminated 
at 0900 hours  EDT October 16, 1967. 



, 

4- 3 TEST RESULTS SUMMARY (Continued) 

Based on the high pr imary  f i l t e r  differential p re s su re ,  the high 
dew point and the direction and speed of the prevailing winds dur-  
ing the ra in  s to rm,  it was recommended that a protective hood be 
provided over  the suction diffuser t o  preclude the possibilitiy of 
water  entrainment. 

It was a l so  recommended that the unit expansion valve be adjusted 
to increase  the refrigeration effect and lower the dew point i f  this 
parameter did not re turn  to within limits after the unit dr ied out. 
Fu r the r  testing proved this requirement to be unnecessary.  

4- 4 DISC RE PAN C I ES 

Prematu re  termination of the t e s t  a f te r  38 hours  of run t ime was 
attributed to water  entrainment th ru  the unit suction diffuser. 
design specification requires that the unit supply 41 lb s /min  air 
at an  absolute humidity of 37 grains  vapor p e r  pound of d r y  a i r ,  
while the relative humidity of the incoming air is 100%. 
data shows that the unit was unable to  meet  these requirements  in 
i t 's  present configuration. 
environmental protection be incorporated in the a r e a  of the suction 
side of the unit p r io r  t o  retest .  Figure 4-2 shows the genera l  con- 
figuration of the modification to  the unit to  effect this. 

The 

The t e s t  

It was therefore  recommended that 

4- 5 TEST DATA 

Figures  4-3 t h ru  4-8 present tes t  data information obtained during 
performance of the tes t .  



Figure  4-1 Diag i  tm ,  Test F ' i s t u r c  at  LEM Tntcrface - Duct 51.1 
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Figure  4-4 
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SECTION V 

SYSTEM VALIDATION TEST 

5- 1 OBJECTIVES 

P r i m a r y  objectives f o r  this t e s t  were  to show that the unit and 
associated ducting could meet the requirements  of the Interface 
Control Documentation over a period of 72 hours.  
c r i t e r i a  were  defined in the Data Acquisition Requirements Doc- 
ment  as presented in the Validation T e s t  Procedure GP-384 
Revision B. 

These success  

Secondary objectives were  to balance the unit air delivery weight 
flow between the LEM delivery ducts,  and gain additional confidence 
in  unit ope ration. 

5- 2 METHOD 

The required s ta t ic  pressure  and air weight flow between the ducts 
was adjusted by means of varying the p res su re  drop at the discharge 
of the t e s t  f ixtures installed at the end of each. These fixtures were  
required to provide the laminar flow profiles necessa ry  to  obtain a 
representat ive velocity average, and a l so  to provide a place f o r  
static p res su re  measurement.  F igure  5-1 shows the test se t -up  at 
the  LEM Interface. 

A functional test of damper  operation was performed p r io r  to  the 
start of testing. 
located on adjustable platform No. 6 , of the serv ice  structure. 
dampers  were  observed to  actuate as required.  
of the ducting fo r  init ial  balancing was as follows: 

The dampers  were  actuated f r o m  the valve panel 

The configuration 
All  

(a) 
(b) 
(c) 

LEM Interface Duct B - damper  closed 
LEM Interface Duct 51.1 - damper  open 
ACE Interface Duct 51.2 - damper open 

ICD requirements  were  that 21 lbs /min  air be delivered f r o m  LEM 
Duct B o r  LEM Duct 51.1 simultaneously with 20 lbs /min  f r o m  ACE 
Duct 51.2. 

.' 

Duct B and Duct 51.1 were  both 8 inch diameter  ducts at the in te r -  
face  connection. 
at 70°F was therefore:  \ 

The average velocity equivalent to 21 lbs /min  air 



. 

5-2 METHOD (Continued) 

F o r  the 6 inch d iameter  ACE duct, the average velocity equivalent 
to  2 0  lb s /min  air at 70°F is: 

The t e s t  f ixture back pressure  was adjusted to  these values while 
monitoring the static pressure .  Static p r e s s u r e  was increased by 
adjustment of the total  flow f r o m  the unit while simultaneously in- 
creasing the p re s su re  drop at the t e s t  fixture discharge to keep 
the average velocities near the values derived. 

The entire ducting system was cleaned to  leve l  IV by a commerc ia l  
cleaning agency. Particle analysis  repor t  was submitted p r io r  t o  
test. The unit was started at 1600 hours  EDT onNovember 3 ,  1967, 
and allowed to run at 70°F t o  d r y  lines of res idua l  F r e o n  cleaning 
agent, the F r e o n / a i r  mixture being pumped into the LEM platform 
enclosure (adjust level 5). 

Official data acquisition w a s  stated at 0200 hours  EDT on November 
5,  1967 for  the 72 hour validation tes t .  F igu re  5-2 presents  the 
pa rame te r s  measured  with respect  to  t e s t  time. 

5-2 



5-3 TEST RESULTS SUMMARY 

Data acquisition for  this tes t  was s tar ted at 0230 hours EDT on 
November 5 ,  1967. 
pyschrometric properties of the a i r  at the LEM interface pr ior  
to and during the t ime of the loss of reheat.  (See 5-4 Discrep- 
ancie s ). 

The tes t  resul ts  show the change in  the 

The resul ts  of this t e s t  did not meet the requirements  of the 
success  c r i t e r i a  and a retest  was performed. 

5 -  3 
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5-4 DISCREPANCIES 

Systems validation t e s t  progressed without incident fo r  23 hours  
with the exception of unit dew point, and concomitantly, the 
Relative Humidity at the LEM interface both of which were  out 
of acceptable limits. The sys t em t e s t  was continued while the 
sea rch  for  the cause of the high absolute humidity continued. 

At 0230 hours on November 6, 1967, while attempting to  obtain 
a tempera ture  of 85OF DB at the LEM interface,  rehea t  capabil- 
i ty  was lost  and the unit temperature  dropped to 48°F. Figure  
5 - 2  shows the effect of the hea ter  failure.  

The cooling coil  was found t o  be iceing, and a compressor  un- 
loader was adjusted to decrease the refr igerat ion effect. The 
iceing condition was r e  solved, but the high absolute humidity 
problem remained. 

Trouble shooting continued, and it was discovered that the cu r ren t  
to  each of the th ree  ( 3 )  heaters  measured one (1) ampere  o r  less .  
The output f rom the proportional bridge amplifier was monitored 
while still connected to the si l icon controlled rec t i f ie rs  supplying 
the hea te r s .  The input signal was varied,  and i t  was found that 
there  was no change i n  output (22vdc). The t e s t  was terminated 
at 1800 hours  EDT, the unit shut dawn, and the hea ter  fuses  check- 
ed. Those protecting heaters  No. 1 and 2 measured open. Con- 
tinuity checks showed that both hea te r s  were shor t  circuited to 
ground potential. Further  analysis  of the heater  fa i lure  showed 
that they had been subjected to  immers ion  in water  result ing from 
fa i lure  of the condensate dra in  valve to  fully dra in  the unit of 
cooling coi l  condensate. 

The damper  in  duct 51.1 w a s  found to leak air excessively in  the 
fully closed position, 
that  the damper  blade was not closing properly. 
cleaned and the sea t  refitted to  effect a bet ter  seal .  

Removal and analysis of the unit showed 
The unit was 

Subsequent repa i r  of unit S/N 66086 was made by substitution p r io r  
to  re tes t  under System Validation Tes t  Procedure GP-384, Rev. B 
as deviated. 
of this repor t .  

These  deviations are presented in the appendix section 

5-4 



5-5 TEST DATA 

Figure 5-2 shows the effect of the loss  of reheat on a i r  temperature  
and relative humidity a s  recorded at the LEM Interface. 

5- 5 
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SECTION VI 

SYSTEM VALIDATION RETEST 

6- 1 0 B JE C T IVES 

The p r imary  objective of the sys tem re tes t  was to  obtain accept- 
ance test data in accordance with the requirements  of System 
Validation Tes t  Procedure GP- 384 Revision B, as deviated. 
Secondary objectives were to  verify the m e r i t  of operational 
r epa i r  to the cooling unit and to obtain sys tem confidence over 
an  extended t e s t  duration. 

6 -  2 METHOD 

The t e s t  set-up was s imilar  to  that used in the basic System Vali- 
dation t c s s t  (Section V) .  
duration of  ihc re tes t  rcquireriient, and the more  limited scope of 
the LEM Interface paranietcrs.  

The major  difference heing the shor te r  

6- 3 TEST RESULTS SUMMARY 

The t e s t  was s ta r ted  a t  1600 hours EST on November 11, 1967, and 
was completed at 2400 hours EDT the same  day. 
was within the l imits  specified by the Data Acquisition Requirements 
Document and /o r  the success  c r i te r ia .  

All data obtained 

6 -  4 DE VI AT IONS 

All  deviations to th r  Test Procedure made during the t e s t  a r e  r e -  
corded o n  pages 6 - 2  th ru  6-4. Authorization fo r  the deviations was 
obtained pr ior  to  pcrformancr  of the operation impacted and each is 
secured by Systems and Project  Enginecring a s  well  as the T e s t  
Pbi i i i i i ig  aiid Revie* Eepa r tn~e i i t  approval. 

The requirement f o r  near 100% Relative Humidity Conditions could 
not be o1)taincd by  ordinary means,  and prevailing ambient conditions 
w e r e  uscd throughout the tes t .  (see page 6-2)  
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6-4 DEVIATIONS (Continued) 

The ten (10) inch damper i n  one (1) of the LEM Compartment Supply 
lines was found not to be functioning properly, allowing the acquisi- 
tion of psychrometric measurements at only one (1) duct interface.  
Authorization for the deletion of the t e s t  requirements dictated by 
the DARD a r e  presented on page 6 - 3 .  

6-5 TEST DATA 

Test  data obtained during the performance of the tes t  a r e  presented 
in the following tables and figures.  

6- 2 



. 

P 
\ 

- 9  
7 . 
? 

'* ,' 

1 %  ,' I 
.* -. 

6- 3 

I- 

.- 

I- 

-. *. 



U 
c 

Y I  vi 
LL 
0 

N 

w 
z s 
a, 
a, 
VI - 

6-4 



E 

2 

a w 

0 

0 
e, 

0 * * 



I 
t 

6 -  6 



Figure 6-1 Diagram, Test Fixture at LEM Interface - Duct 5 1 . 1  
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Figure  6 - 2  Diagram, Tes t  Fixture at ACE Interface - Duct 51. 2 
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Systems Validation T e s t  - LEM Interface Duct 5 1 . 1  
Temperature, V e l o c i t y  and 
Static Pressure vs Time 
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Systems Validation Test  - ACE Interface Duct 51 .2  
Temperature, Velocity and 
Static Pressure vs Time 
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