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F O R E W O R D  

This volume i s  one of a series o f  repor ts  descr ib ing the  

1 development tests conducted on a candidate Shu t t l e  heat r e j e c t i o n  

system a t  the National Aeronautics and Space Adminis t rat ion - John- 

I son Space Center during the per iod from March t o  Ju l y  1973. The 

complete t e s t  ser ies are  reported i n  the fo l low ing volumes: 

Volume I Overa 1 1 Summary 

Volume I 1  ' Modular Radiator System Tests 

Volume 111 Modular Radiator System Test Data 
Cor re la t ion  With Thermal Model 

Volume I V  Modular Radiator System Test Data 

Volume V In tegrated Radia tor/Expendabl e Cool i ng System 

Tests 

Volume V I  Water E jec tor  Plume Tests 

Volume V I  I Improved Radiator Coating Adhesives Tests 

Volume V I I I  Tube Anomaly Inves t i ga t i on  

The tes ts  were conducted j o i n t l y  by NASA and the  Vougb' 

Systems D iv i s ion  of LTV Aerospace Corporation under Contract 

NAS9-10534. D. U. Morr is  o f  the  NASA-JSC Crew Systems D i v i s i o n  

was the contract  technical monitor. Mr.  R. J. Tu f te  served as the  

VSD Pro jec t  Eng 1 neer . 
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1 .O SUMMARY AND INTROPtlCTION 

A three-week t e s t  o f  a Modular Radiator System (MRS) was conducted 
i n  the Space Envirorment Simulation Laboratory (SESL) a t  the Johnson Space 

Center (JSC) during the time period March 5 through 23, 1973. 
This volume presents plots of a l l  key data recorded during the 

three-week t e s t .  



2.0 TEST DATA PRESENTATION 

Table 1 presents the t es t  time l i n e  i n  the order tha t  the tests 
were run. A complete de f i n i t i on  of each t e s t  po in t  i s  given i n  Volume 11 
of t h i s  report.  The AS t e s t  data presented herein, i s  grouped i n t o  chrono- 
log ica l  periods as shown i n  Table 2. Each group i s  fu r the r  subdivided by 
type of measurement as shown below: 

o Flowrates and pressure drop measurements - See Fig. 1 and Tab1 e 3. 
o Systm and panel i n l e t  and ou t l e t  temperatures - See Fig. 1 and 

Table 4. 

o On-pane1 temperatures - See Fig. 2 and Table 5 
The desired t es t  data i s  found by f i r s t  entering Table 2 t o  determine 

the alphabetical grouping, then using the index presented i n  Tables 3, 4, and 
5 t o  f i nd  the appropriate page numbers w i th in  the group. 

Accurate system and indiv idual  panel i n l e t  and ou t l e t  temperatures are  
considered imperative i n  determining the rad ia tor  system performance. I n  order 
t o  improve the mea\urement accuracy, two ranges of themcouples were used 
for t h i s  data (see Table 4). The A10001 through A10036 series have a tempera- 
tu re  range o f  -300°F t o  -40°F and the A30001 through AJ0036 series have a 
temperature range o f  -604F t o  +200°F. Data p lo ts  a re  presented f o r  both the 
A1 and AJ series even when a l l  data i s  o f f  scale f o r  one series. 

During the t h i r d  week o f  test ing i t  was observed tha t  the i n l e t s  t o  the 
prime tubes inside the chamber were reading approximately g0F higher than the 
prime i n l e t  outside the chamber, With chamber cold wal ls  i t  d i d  not  seem 
reasonable t ha t  a net heat gain o f  t h i s  magnitude could occur. Star t ing 
wi th  day 79 approximately 2230 hours the back-up thermocouples for  A10003 
through A10036 were recorded on the m i  scel laneous channels , MS0003 through $ .' 

i 

MS0036. The MS data agreed we1 1 w i t h  the measurements outside the chamber. & !  . ,  -1 . ' J 

Subsequent t o  the t e s t  i t  was discovered tha t  a d iss imi lar  thermocouple .) 2 

connector ins ide the chamber was used f o r  A10003 through AT001 4. During the ;I / -- 
f i r s t  two weeks o f  tes t ing the chamber wal ls  were warm and the thermocouple 1 
connector d i d  not a f f ec t  the readings.. However, during the t h i r d  week the 
chamber walls were cold and a temperature gradient i n  the connector produced 
an EMF which affected the readings. A survey o f  the A 1  and MS readings a f t e r  
2230 on day 79 indicated t ha t  the A 1  readings averaged 8.S°F high. This value 

I 



should be subtracted from all A10003 through A10014 da ta  between day 78, 
0735 hours and day 80, 0100. Subsequznt t o  this time the MS data is  plotted 
in place of the A1 data and values can be read directly from the plots. 

As indicated on Figure 1, two or three flometers of different ranges 
were used for each of the flow measurements. Table 6 shows the range for 
each flowneter. The flowneters were manually valved ifi or ou t  to obtain 
the correct meter as the flow changed. The data plots include the flometer 
readings even if i t  is  off line or ou t  of range. On day 71, 1540 hours the 
transducer on FM54 failed during a recovery transient. The FM56 transducer 
was not  in use for this test sequence so i t  was switched t o  FM-54. Therefore 
FM-54 data  is recorded on FM-56 channel during this period. 

The resolution of the plotted data is shown on Table 7. Resolution i s  
defined as the band between one plot mark and the next one. This table in- 
dicates t h a t  the plotted data will indicate no change until the measured 
value change is greater t h a n  the resolution value. For example, all A3 

temperature measurements will plot as a constant \:dlue until the measured 
temperature changes by 6 O F .  



DATE - 
5 March 1973 

6 March 1973 

7 March 1973 
8 March 1973 

DAY - 

9 March 1973 68 
12 March 1973 71 
13 'krch 1973 72 

14 March 1973 73 

15 March 1973 74 

TABLE I 
THREE WEEK TEST TIMELINE 

TEST POINT 

64 1 
1 A 
2 

65 3 .  
4 

Chamber Down 
66 5 
67 8 

. l o  
12 
17 
1 7A 
18 
19 
47 
14 
1 4A 
16 
20 
11 

Chamber Down 
31 
32 
33 
48 
49 
37 
38 
39 

-45 
46 

BEG I N  - 
1525 
1855 
2020 
01 46 
0445 
0948 
1700 
0020 . 

0430 
0755 
1115 
2050 
2300 
0740 
1108 
0 0  
031 5 
0730 
1040 
151 5 
1830 
1400 
1 525 
1825 
1 920 
221 0 
2330 
021 0 
0300 
0400 
061 5 

# 

END - 
1855 
2020 
0146(day 65) 
0445 
0600 
1 700 
1920 
0430 
0755 
1 1'5 
1 525 
2256 
034O(day 68) 
1140 
2025 
031 5 
061 5 
1040 



TABLE I (CONT'D) 

DATE - DAY - TEST POINT 

20 Uarch 1973 7 9 

21 March 1973 80 

22 March 1973 81 

15 t4arch 1973 74 50 
43 
36 

16 Harch 1973 7 5 36A 
19 March 1973 78 21 

22 
23 
24 
25 
26 
27 
28 
29 
62 
57 
58 
60 
51 
52 
52A 
528 
52C 
52D 
52E 
5% 
53 
54 
55 
56 
59 
63 
64 
61 

BEGIN 
7 

0745 
1900 
2335 
0600 
0736 
1 000 
1340 
1720 
2025 
2330 
01 30 
0250 
0525 
11 10 
0045 
0420 
073 5 
1 646 
1735 
1920 
2031 
21 05 
2200 
2336 
0205 
0605 
071 5 
0825 
0920 
11 05 
1800 
2300' 
0200 

I 

END - 
1900 
2335 
0600(day 75) 
0955 
1000 
1340 
1720 
2025 
2330 
01 30(day 79) 
0250 
0525 
11 10 
0045 
0420 
0735 
1140 
1735 
1920 
2031 
21 05 
2200 
2336 
0205 (day 81 ) 
0605 
071 5 
6825 
9: 20 
1105 
1210 
21 44 
0200(day 82) 
0630 



TABLE 2 

TEST POINT GROUPING 

GROUP 

A 

E 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

I 
I 

TEST T m  
FROM 

54 - 1525 

66 - 1700 
57 - 1525 
,(l - 1108 
72 - 0315; 
73 - 1400 

sy, hour ) 
TO 1 '. 

65 - 0600 
67 - 1525 
68 - 1140 
72 - 0315 
72 - 1.830 
74 - 0400 

74 - 2335 
75 - 0955 
79 - 0130 

80 - 0110 
80 - 1735 
81 - 1105 
82 - 0630 

TEST POINTS 



TABLE 3 

PLOTTED FLOW AND PRESSURE MEASUREMENTS 

1 PACE pansaucer ' Number 1 Description 

F M 0 0 4 0  TOTAL  FLOW 
F Y 0 0 4 3  I C T A L  P A I P E  FLOM H I G H  RANGE 
F M 0 3 4 6  T O T A L  BANK FLOW H I G H  RANGE ! F Y 0 0 4 1  T O T A L  P R I M E  FLOW i i i W  RANGE 
F M 0 0 4 4  TfITAL BAYK FLOW LCW RAYGE 
FM0347  P R I M E  C Y T  1 ANC 2 L C U  RAYGE L H P H  

I ~ ~ 0 0 5 0 1  P Y I Y F  C K T  3 PhO 4 LCW RANGE I L R P H  
I F M O S 4 2 1  T O T A L  P R I M C  FL@h I Y T  9 A N C E  1 LPPH 

T O T A L  BANK FLOW I N 1  4ANGE L B P H  
P R I M E  C K T  1 AlYC 2 Ih!T RANGE 

BANK C K f  6 I N T  HANGF LBPh 
H A h K  CKT 7 I N 1  RANGE I LRPH 

F M 0 3 5 1  P R I M E  C K T  3 AND 4 1NT RANGE 
F P 0 0 4 9  P R I M E  C K T  1 AND 2 H I G H  RANGE 
F M 0 0 5 3  P R I M E  CKT 3 AND 4 H I G H  RAYGE 
F M 0 3 5 3  BANK C K T  5 I Y T  RANGE 

I I ~ ~ 0 ~ 5 3 1  EANK CUT R I Y T  RANGE-. 
i F P G C 5 4 1  RANK CKT 5 P I G H  RAYGE 

L B P H  
L B P H  
L B P H  
L B P H  

1 ~ ~ 0 3 5 6 1  PANK CKT b H I  ;H RANGE 1 L B P H  
I F ~ 0 0 5 8 1  6 A N K  CKT 7 h1t;H RANGE I L B P H  

I 1 F M O O ~ O ~  RANK C K T  8 H I G H  RANGE 
I P K 0 9 6 6 1  BANK D A N E L  1 D E L T A  ORESSURE --k= %ID- 
\ P K o C ~ ~ ~  H A N K  PANEL D E L T A  PRESSURE P S I 0  1 7 / PK01QhR bAh;t! CANEL 3 D E L T L  PRESSURE I P S I 0  
i P K O O ~ Y ~  BANK P A H E L  4 3 F L T A  PQESSURF P S I 0  

. P U K F  tw K l U  JUT1 E f  PRESSURE I --- P b E .  
P K ~ I C ~ I ~  P R I M E  CCT 1 I N L E T  PRESSURE I ? S I C  
P K O r f . 2  P P I W E  C K T  2 I U L E T  o R E S S U 4 E  

9 P K O a c l  P R I M E  C U T  3 I V L k T  PYf3SURE 
P K O Q 4 4  P R I M E  CKT 4 I : r L C T  D'JESSURE - .. 
P K O O t 3  t,hNK PAMiEL = P E L T &  PRESSURE 

1G P K G 9 7 1  b A h K  PAfbEL b D E L T A  PQESSURE 
+ D K C 0 7 2 ,  BAlvK PAN..EL 7 D E L T A  PQESSU?E 

P S I C  
P S I  c.8 

--.--.- F S I G  
P S I P  
P 5 1 D  
PSI ; :  



TABLE 4 

PLOTTED SYSTEI.4 AND PAIJEL INLET AND OUTLET TEMPERATURES 

Description I Units I 

12  j 4 1 0 C 0 2  94NK SYSTEM I R L E T  DEC F - I--- -:AJOOOl P R I M E  S Y S T E M  l V L E T  DFC, F 
AJOCCZ i \ A V K  SYSTEM I Y L E T  DEG F _ .  

- 4 1 0 0 1 9  P K I M E  T U d E S  U U T L E T  M I ) (  I Y  CH DEG F 
13 ~ A I Q C ~ ~ ~ H A Y K  T U b F S  O U T L E T  M I #  I N  CH I D E G  F I 

_ A I ~ ~ ~ ~ ~ M I Y E D  BANK A\U  P X I M E  
4 ~ 0 0 1 3 1 ~ ~ 1 M F  TUf3ES C U T L E T  M I X  I V  CH DEG T- 

Y A Y K  T U B E S  O U T L E T  M I X  
P I X E D  BANK AVD P R I M E  
P A N E L  NO 1 P R I M E  T U B E  
P A W L  Nn 2 PRIME TUBE 
P A Y F L  NO 5 P R I M E  TUBE 
PAYEL YO 6 P R I P E  TUBE 
P A Y E L  NO 1 P R I M E  T U B E  
PAYEL  NO 2 PRIME TUBE 
P h Y E L  NO 5 P R I M E  TUBE 

IN CH 
-- 
I "I E T  
1 N L  ET 
I N L E T  
I N L E T  
I N L E T  
I N L E T  
1 N L  Ef 

DEG F 
O E G F -  

DEG F 
DEG F 
D E G  F 
DEG F -- 
D E G  F 
D E G  F 

I DEC F 
A J O O O ~ ~ V A Q E L  NO b P R I M E  TUBE I N L E T  I OF 

A I O ~ Q ~ ~ P A N E L  NO 1 P R I M E  TUBE O U T L E T  I '  , 

AIOOCEI P n w L  NII 2 PRIME TUBE OUTLET I A I O C C 9  P A N E L  VO 5 P R I M E  TUBE O U T L E T  
A 00 0 P A Y E L  N u  6 P R I M E  T U B E  O U T L E T  
AJOOO7 P A N E L  NO 1 P R I M E  T U B E  O U T L E T  -+-I- I DEG F 

P A N E L  NO 2 P R I M E  TUBE O U T L E T  
P A Y E L  YO 5 P R I M E  TUBE O U T L E T  

DEG F 
TUBE I N L E T  
TUBE I N L E T  

21 1 A I O O ~ ~ ~ P A N E ~  YO 7 P ' R I M E  T U B E  I N L E T  I D E G  F 1 - - 

4 1 0 0 1 4 ' ~ ~ ~ ~ ~  NO 8 P R I M  T B I Y  T 
h J O O l l  P A N E L  NO 3 P R I M E  T U B E  I N L E T  

..- h J O C 1 2  P A N E L  NO 4 
zz I A J O ~ ~ ~ ( P A N E L  NO 7 P R I M E  TURE I N L E T  

A J Q ~ ~ ~ ~ P A Y E L  NO R P R I M E  TUBE I N L E T  
A 1 0 0 1 b 1 P A ~ E ~  NO 3 P R I M E  TUBE O U T L E T  
A I O Q 1 6 1 P A Y E L  NO 4 P R I M E  TUBE O U T L E T  - - 

23 1 4 1 0 0 1 7 1 P A N E ~  YO 7 P R I M E  TUBE O U T L E T  I DEb F I 
A I O O ~ ~ ~ P A Y E L  YO 8 P R I M E  TUBE O U T L E T  I DEG F ,  
A J O O ~ S ~ P A Y E L  NO 3 P R I M E  TUBE O U T L E T  [ DEG F 

-1.  A J O O ~ ~ ~ P A V E L  NO 4 P R I V E  TURE O U T L E T  I DEG f '' I A J O O ~ T ~  P A Y E L  ~n 7 PRIME TUBE OUTLET I DEC F 
I A J @ ' ~ ~ ~ ~ D A Y E L  h(T) 8 P R i M E  T U b E  O U l L E T  I D E C  F 
' A I O C Z ~ ~ ( P ~ Y € L  rJO 1 HANK TUBE I N L E T  I DEG F 

2:) ' A 1 0 1 7 1  PlrNEL NO 2 BANK T U B E  I N L E T  I DEG f 'I 
A 1 0 3 2 2  i 'hYEL NO 5 BANK TUBE I N L E T  IjEG F . 

i I O C 2 3  P A Y E L  YO 6 t 3 A W  TUBE I N L E T  DEG F 'r 



( PAGE IT/C No. Description Units 

PAYEL NO 1 BANK TUBE INLET DEG F 
PAYEL NO 7 BANK TUBE INLET DEG F 
PAYEL NO 5 BANK TUBE I N L E T  JEG F 

1 
i 

~ ~ Z J O O ? ? ~ P A N E L  NO 6 BANK TUBE I N L E T  
I A100241 PANEL NO 1 RANK TUBE OUTLET 

PANEL NO 2 BANK TUBE OUTLET 
PAYEL NO 5 BANK T U ~ B E ~ O U T ~ E l  

i I ~ 1 0 0 2 7 1  PANEL NO 6 BANK TUBE OUTLET 
t I AJOO241PAhIEL NO 1 BANK TUB: OUTLET 
I PANEL NO 2 BANK TUBE OUTLET OEG F 

PANEL NO 5 RANK TUBE OUTLET I b E t  F I 
P A Y E L  NO 6 BAYK TUBE O U ~ L E T  
PGNEL 80 3 BANK. T.UBE_-IUk.1 
PAKEL YO 4 BANK TUBE I N L E T  
PANEL NO 7 BANK TUBE INLET I DEG F 1 
P A Y E L  NO 8 RAYK fU9E I N L E T  I DEG F 
PANFL NO 3 BANK TUBE I N L E T  I DEG F 
PANEL NO 4 BANK TUBE I N L E T  

PANEL NO 4 BANK TUBE OUTLET 
PANEL. NO 7 BANK TUBE OUTLET DEG F 
P A W  YO 8 BANK TUBE OUTLET 
PAYEL YQ-3 B L N K T N L O U I C L 5 T  
PAYEL NO 4 BANK TUBE OUTLET 
PAYEL  NO 7 BANK TUBE OUTLET 
PANE1 NO 8 BANK TUBE OU 



ORGANIZf!TION OF ON-PANEL TEMPERATURE DATA 

EACH ~~-I#GE RUTEL GROUP IS ORGANIZED AS FOLLOWS 

DATA FROM: 

Panel 1 
Panel 2 

PAGE 

-- 

IS ON THE F O W W I N G  PAGES: 

33 through 46 
47 through GO 

T/C IDCATIONS 
(see Figure 2) 

Panel 3 1 61 through 74 
hnel4 I 75 through 88 
Panel 5 89 through 102 
Panel 6 103 through 116 
Panel 7 , 117 through 130 

,.- 
%nel 8 131 thrcxlgh 144 

- . . .  t --.. - - .  - 

--- - .- 
, DESCRIPTION 

Benk outlet temperatures 

Bank outlet temperatures 

Bank and wime outlet 
temperatures 

BBnk and prime inlet 
temperatures 

BBnk inlet temperatures 

BBnb inlet temperatures 

Temperatures along 2nd tube 

Temperatures along 4th tube 

Temperatures along 8th tube 

Temperatures e:ong 10th tube 

Temperatures along 12th tube 

Temperatures along diagonal 

Temperatures slang median 

Temperatures on manifold 



TABLE 6 FLOW METER RANGES 

Flow Meter 

FM0040 Flow Bench Total  Flow 
FM0041 Flow Bench Prime Low Flow 
FM0042 Flow Bench Prime I n t  Flow 
FMO043 Flow Bench Prime High F l w  
FM0044 Flow Bench Main Low Flow 
FM0045 Flaw Bench Main I n t  Flaw 
FM0046 Flow Bench Main High Flow 
FM0047 Prime Ckt #1 & 2 Low Flow 
FM0048 Prime Tube Ck 1 & 2 

I n t .  Flow 
FM0049 Prime Tube Ckt #1 *i 2 

Hi Flow 
FM0050 Prime Tube Ckt #3 & 4 

Low Flow 
FM0051 Prime Tube Ckt #3 & 4 

I n t .  Flow 
FM0052 Prime Tube Ckt #3 & 4 

I n t .  Flow 
FM0053 Main Tube Ckt 5 I n t  Flow 
FM0054 Main Tube Ckt 5 Hi Flow 
FM0055 Main Tube Ckt 6 I n t  Flow 
FMO056 Main Tube Ckt 6 Hi Flaw 
FM0057 Main Tube Ckt 7 I n t ,  Flow 
FMO05S Main Tube Ckt 7 Hi Flaw 
FM0059 Main Tube Ckt 8 I n t  Flow 
FM0060 Main Tube Ckt 8 H i  Flow 

Range, LB/HR 

417 t o  4170 
5 t o  50 
50 t o  520 
417 t o  4170 
5 t o  50 
50 t o  520 
417 t o  4170 
3.5 t o  35 



TABLE 7 PLOTTED DATA RESOLUTION 

17 -175 1b/hr 

175 -1750 1b/hr 

87 -870 1 b/ h r  

0 -500 psig  

6" F 

4°F 

6" F 

6OF 

45 l b l h r  

. 5  l b / h r  

5.5 l b l h r  

.4 l b l h r  

2 lb /nr  

18 l b l h r  

18 1b/hr 

6 psig  

. 6  psig  
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