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ORIGINAL PAGE IS
OF POOR QUALITY

ORBITER CARGO BAY

THERMAL ENVIRONMENT DATA

SEPTEMBER 1982

ROBERT G. BROWN

r

ORBITAL FLIGHT TEST THERMAL APPROACH
® CONSERVATIVE FLIGHT TEST TIMELINE

® FIRST FLIGHT THERMALLY BENIGN AS POSSIBLE

EACH ADDITIONAL FLIGHT INCREASING IN
THERMAL DIFFICULTY

o ‘MEASUREMENT LOCATIONS DEFINED FOR ORBITER
- PERFORMANCE

e ORBITER MODEL PREDICTION COMPARISON FOR
STS1

ORBITER MODEL CORRELATION BASED ON STS-2,
STS-3 AND STS-4

\.
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ORBITAL FLIGHT TEST PROGRAM

ORIGINAL &
-

§T8-1

$1§-2

S{§-3

SIS-4

DATE
BETA ANGLE.

MAJOR ATTITUDES
FLOWA

END OF HiSSION
ATTITUDES

APRIL 12, 1981

-26° 10 -19°
SERIES OF SHORT
HOLD ATTITUDES
EXCEPT FOR TO
9-9,5 HRS OF +ZLV

2 ORBITS TAIL T0
SUN OPENED DOOR

2 ORBITS TOP TO
SUH CLOSED DOOR

NOVEMBER 12, 1981

-450 10 51
BASICALLY +ZLV

2 ORBITS TAIL TO
SUN OPENED DOOR

2 ORBITS TOP TO SUN
CLOSED DOOR

MARCH 22, 1982

<23% 10 -36°

24 HRS TAIL SUN
TOP T0 SPACE

2. .0RBITS TAIL T0
SUN OPENED DOOR

2 ORBITS TOP 70
SUN CLOSED DOOR

JUNE 27, 1982

-1 10 +20°

10 HRS -ZSI (BOTTONM
3-AX1S SD

‘ORB RATE 7 HRS GRAVITY
11 HRS PTC 12 HRS +ZLV (T0P
80 HRS XSI .(HOSE TO 3-AX1S S
SUK 2 REV 4% HRS +Z51
PER ORBIT 22 HRS -ZSI (BOTTCH
ABOUT X-AXIS 3-AXIS S
27 HRS +181 (0P 10 WRs PIC.
3-AXIS SI) {61 HRS +XSI (TAIL
12 HRS PTC 3-AXIS S1)
12 HRS PTC

2 ORBITS TAIL T0
SUN OPENED DOOR

2 ORBITS T0P T0
SUN CLOSED DOOR

ORBITER ATTITUDES

” 3p°
L=
%/’ SUN

TOP LV, p = 30°
@zLy, -x¥)

CASE 38

1B

-—
——

SUN

PTC. B = 0°
{X ROLL, X INERTIAL)

CASE 45

=

TAIL SUN, 1 REV/ORB
f =45 - . ’
{+X SOLAR, +Z SPACE)

CASE 83

7,

NOSE LV, GRAVITY
GRADIENT, p= 30°
WING ROLL OUT ORSIT
PLANE 21° CW
XLy, -v¥ mowL cw 21°)

| CASE 49

NOSE SUN, p =0°

CASE 13
/ —
g: : 7/ SUN
TOP Si, P =60°
“Z SN -

| CASE 33

ax
N/ =

TAL 8, f=0°

F-11}

{+X 8\, Z POP)

CASE 34

R E

SUN}

BOTTOM 81, p=0°
(- 8I, Y POP)

{-X 81, Y POP)
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ORIGINAL PAGE I§
OF POOR QUALITY

CARGO BAY MEASUREMENTS

14 CARGO BAY INSULATION SURFACE TEMPERATURES
2 WIRE TRAY SURFACE TEMPERATURES
12 SILL LONGERON TEMPERATURES

4 GAS TEMPERATURES

1 RADIATOR TEMPERATURE

1 GASPRESSURE

CARGO BAY MEASUREMENT LOCATIONS

Y + 108

) o O VIATaINT Y ELLEELL
T~ 9~__  (WIRE TRAY) {WIRE TRAY)
V3873230 L y34T9311
(&1R) {INSUL
v3aT93zz (REF) — V3479319 V3079373 SURF)
‘o {INSUL BACKSIDE) (NSUL SURF) A
Y - 10f O V3415312 T V3479318 VeaTaa10
: (INSUL SURF) ___——— v3479323 (INSUL SURF) (INSUL
o (INSUL BACKSIDE) SURF)
V3470320 V34T5318 V3419313 3
Y- 05} O (INSUL SURF) O(INSUL SURF) O {INSUL SURF) b
Y - 108 ; ~ ' ' | f
670 850 1030 1215 ([
V0978702
v3aTe127 . v3aT9t2e V3479129 vaqrstao}]
vosTasoz grF V09T9S01 (REF) ] Xe 1030)
§50° V0979330 977 O vo9Te377 (REF) 1055 1215 1222
i V0979501 . V09197010
' UV0518330 gy V05193770 o pm prusy V0818701
| LEFT SIDE MID FUSELAGE o7
1 1 t i T 1 1 i

Xo—- 600 700 . 800 800 1000 1100 1200 1300
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V3479313 X1030
V3479318 X850
V3479320 X670 -

V3479314 X51030
V34T9317 X850

V3479319 Xoﬁy

20385

|
———

20400

V3479322 K Y
o TYPICAL :O’i“ Xo1215
° Xo582 X181 o*50
V3879269 (AIR) V3479327 V3879268 V3479325
(INSUL SURF) (AR (INSUL SURF) -
V3479326 V3479324
(INSUL SURF) - (INSUL SURF)
/ ! V3579101 55
(STRUCTURE) 43 .
° 823
0 = O
- - ! — . - O
g ! Zo%00 Z,a00) | B
S < l |!||. a‘)
<z B W f
2253 ! i/
g858 [T -
QY173 Jp
RN ] < \ oy
\ V3879271 2 | '-.\‘ o
\ (AIR) 3la 576 BLKHD |
= V307 g 582 FRAME _3.E
E BLKHD ‘§, LOOKING 7 2an
s 2 LOBKING g FORWARD 5 23
£ AFT z g8
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ORBITER PAYLOAD BAY
PRELAUNCH TEMPERATURES

ORIGINAL PAGE IS
OF PGOR QUALITY

STS-1 $1s-2 S15-3 S1S-4
DATA  PREDICTION DATA  PREDICTION DATA  PREDICTION DATA  PREDICTION
3 S o %
PURGE 80 80 70 70 70 70 70 70
AIR ‘ 80 80 70 70 70 70 70 70
LINER 80 80 70 70 70 70 70 70
LONGERON 75 70 70 70 70 70 70 70
FITTING - - - - 70 70 70 70
RADIATOR 75 _ 75 70 70 70 70 70 70
BULKHEAD 80 80 70 70 70 70 70 70
L
ORBITER PAYLOAD BY
ASCENT TEHMPERATURES
LIETOEE/MIH/NAX
S18-1 ST5-2 ST5-3 STS-4
DATA PREDICTION DATA PREDICTION | DATA PREDICTION| DATA PREDICTION
OF OF OF OF OF . OF OF OF
LINER 80/62/84 | 80/36/97 | 70/50/65 ) 70/24/80 1 70/50/65 | 70/24/80 | 70/50/65) 70/24/80
LONGERON 75 70 70 70 70 70 70 70
FITTING - -- -- - 70 70 70 i0
RABIATOR 75/65/70 | 75/65/75 | 70/57/60 70/60/70 | 70/57/60 | 70/60/70 | 70/57/60 1 70/60/70
BULKHEAD - 80/50/70 | 80/30/80 | 70/50/70 70/30/80 | 70/50/70 | 70/30/80 170/50/70| 70/30/80
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ORBITER PAYLOAD BAY

ON-ORBIT TEMPERATURES

CRIGINAT .
MIN/MAX 0E PO
STS-1 5TS-2
+7LV g~ 300 4LV 2 =600
DQTA PRED ! CTION PORT STBD
F F DATA | PREDICTION | DATA | PREDICTION
OF OF 'OF OF
LINER 5/80 0/75 25/65 15/75 10/35 5/40
LONGERON 15/20 | 18/30 40745 35/50 15/20 15/30
FITTING - - - -
BULKHEAD -10/+120 | -25/+120 0/100 | -10/115
ORBITER PAYLOAD BAY
ON-ORBIT TEMPERATURES
MIN/MAX
ST1S-3 STS-4
TAIL SUN NOSE SUN T0P SUN BOTTOM TAIL ToP
ORB RATE 2 ORB RATE SUN SUN SUN
DATA PRED DATA PRED DATA PRED DATA DATA DATA
OF DF OF OF OF OF OF OF OF'
LINER -153 -190 50/-100 } 50/-150 | 30/260° 0/200 30/-80 | 20/-100 210
LONGERON -95/-50* -90/-60 | -40/-20| -54/-30 100 115 -20 -40 -30
FITTING -50 -60 -20 -35 125 140 -10 -35 110
BULKHEAD -120 -55 20/-100 { 30/-130 0/100 -10/120 0/-80 | 30/-100 | 0/100

+ FWD/AFT LONGERON TEMPERATURE
* MEASUREMENT SUSPECT
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ENTRY AND POSTLANDING TEMPERATURES

ORBITER PAYLOAD BAY

' P “’WKIE&Z E*
OF POOR quaLiTy

N

E1/TD/MAX®
STS-1 $1S-2 STS-3 - ST5-4

DATA PRED DATA PRED DATA PRED DATA PRED

of ) Of Of Oop Of OF of OF
PURGE** 55/65 55/65 55/65 55/65
AIRM - /45/80 | - /50/80 | ~ /70/80 |- /105/105} ~ /60/85 | -/105/105} - /70/80
LINER 20/60/70 120/48/36 { 20/65/70 | 20/€8/90 | 15/68/75 | 15/75/90 | 0/70/75
LONGERON 3/30/75 | 3/25/70 | 10/40/70 | 10/30/60 | S/60/70 | S/45/65 | 0/50/75 |
FITTING - - - . - 15/85/70 - 10/60/75
RADIATOR 10/32/808 | 10/35/100 | 15/80/85C] 15/85/95 | 20/80/85¢| 20/85/90 | -5/75/80°
BULKHEAD 20/50/65 | 20/42/87 | 20/60/65 | 20/42/87 | 15/60/70 | 15/65/80 | 0/65/75

* MAXIMUM TEMPERATURES DCCUR AFTER TOUCHDOWN

** PURGE WAS 55CF INITIALLY, THEN INCREASED T0 65°F AFTER A FEN HOURS
A AIR MEASUREMENT APPEARS TO BE ENVIRONMENT TEMPERATURE
B RADIATOR FLOW FROM TD T0 1D +15 MIN,
¢ RADIATOR FLOW FROM TD -6 MIN. TO TD +15 MiN,

THMM/FLIGHT DATA COMPARISON
ORBIT AVERAGE TEMPERATURES
STS-3 TAIL SUN (22 HOURS)
FWD (Xo = 584 - 919)

FLIGHT TEMP (390 THMM TEMP)

N

-117(-155) -126(-155)
° .
PORT STBD
-95(-90)
& -153(-190) -102(-178)
z20(-1e7) 0 o
-26(-67)
-145(-183)
18(40)
2(-4) -23(-9) 28(-2)
61(11) -3(4) 54(40)
,:.._WW-_W
23(11) 0(7) 33(18)

—_
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(" THM/FLIGHT DATA COMPARISON

ORBIT AVERAGE TEMPERATURES

STS-3 TAIL SUN (22 HOURS)
AFT (X = 919 - 1307)

~100{-135) -100(-140)
® ) L4

PORT

-25(-8)

~76(-115)

-10(-42) -

v

3(an)

1(-12)

(
o

N

THA/FLIGHT DATA COMPARISON

ORBIT AVERAGE TEMPERATURES

(STS-3 NOSE-SUN (78 HOURS)
FHD (X, = 584 - 919)

FLIGHT TEMP (390 TMM TEMP
-30(-50) -45(-55) ( )

° .
PORT , 58D

‘___/ - " E ¥

50(-75) -30(-55)

: ‘\\\ - 250(-75) —
-16(-44) )
-a4(-65)
‘/””,,,—"""_—_—7 19(39)
' 29(-15)
el -14(-26)
57(-9) -3(-14}.. 4a(24)
B e T
.195145) -asiine) <7(-35)
- S
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f

ORIGINAL PAGE (8
OF POOR QUALITY,

THM/FLIGHT DATA COMPARTSON

ORBIT AVERAGE TEMPERATURES

ST5-3 MOSE-SUN (78 HOURS)
AFT (X, = 919 - 1307)

FLIGHT TEMP (390 ™M TeMp)

{ 102

120 150

102

-40(-50) ~40(-50)
[ J ®
PORT STBD
1
—
-22(-22) ~4(-4)
-13(-41)
-3 -28(.18) A6(-41) -6(-15)
-21(-43)
-32(-50)
\ y,
r
FLIGHT DATA
ORBIT MAXIMUM TEMPERATURES
STS-3 TOP SUN (24 HOURS)
FD (X, = 584 - 919)
100 90
L4 )
PORT $T8D
100

260
65
50
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FLIGHT DATA
ORBIT MAXIMUM TEMPERATURES |
STS-3 TOP SUN (24 HOURS) Chig
AFT (X = 919 - 1307)

22
2 10
19 31
( N
TMM/FLIGHT DATA COMPARISON
§TS-2 ASCENT

100.0

20,9

”.5

B —

70.0 sven 3
w ) o 388 et /‘/::ﬂ— B A
é §0.0 - ogfees // A A3 UNg PN
g 0. oi‘ esanens] . .
g ‘/ | A - STS-2 FLIGHT DATA (V34T91L:
g . B - NODE 1268 PREDICTIONS

0.0} .

X, 919 HLI CLOSEOUT (FD)
0.0
0.0 4
.0
0.0 04 0.8 0.3 1.9
TINC - (HOURS)
\_ Y,
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REG DATE:

.

CURRENT MISSION- STS-30F1
LIFT-OFF: 16

3/2a/8¢

/2¢ : ¢
Yseg/82 14:46. 9

PAYLOAD BAY INSULATION SURFACE FWD

ORIGINAL PAgE [g
OF POOR QuALITY

~

300 [N S P | SN S NS BN 1 PR W T R S DO YA WO N U | SO S )
. b= Ta1L sun [ f— HOSE SUN foi 0P SUN— L
T M ! 1 -
] ap gl i
K} (AN
b - Kl L
zo0 A R
Ily A
] 4 r
] , !
1
. E ] ! ! 1 -
3 K A L
8 100 ‘, ! 1
E ] .
R " ! ] I
A R :Iﬂf .H'_“l thr -— ) N , _“' ! .u, I
y - 4 : 1y ) i - A
: i) gty ’.I'.“ -.H' ,.r'.H'l 1 it R
g - i, I AU . 4 ! '-',,‘,,,.
10 T RN B i N A
4 Ay g & . 1ty 3
R y: g “f 1, i1 ' ol |
| 1 il oy .
K L S RUBTRENT 74 4y |
~100. Lt (:fvaulri‘. i
.'" . 1' Ty D ELMCARY LAY o t
LT i}, . ¥
huuamﬁ |
~Enu T L2 T T L] l l_ T ! T T T T T T L) 1 T T T L) ¥ L] T L T Ll T T L)
N EL ] 50.0 900 120 0 150.0 180
MISSION ELAPSED TIME(HOURS)
Lovw HIGH MEASUREMENT RATE CURR
. VI4NTRILe MED 1
CURRENT MISSION ST5-3
CIFT=OFF1 3/22/82 16. 0+ @
REQ DATE: 4/ 5782 15:29:16
PORT LONGERONS
150.. b RS N W | 1 L d ] S W TS T S 1 P W T B 1 ST DU W S | WG W T T |
= 7810 SUN |} —— HOSE SUN fate- T0P SUN —1] i
160. ...I..’.’;.“‘
' k i P I i
_ LTI
] L
1 A
sl | , [
: 1
P 50 3 .
N |17 gt I
E d
7 1 , ]
v 4 H s t ) 5
R i h' \(I b
£ - J ! "
- -
¥ \ “M : 5
1 i VO ! o, L
] TR A L
e ’ o
-50. Y ,
] Ny J I
"
M L“-Al [
—Iau' 1 L) L] 1 T T L] T L) A T T ¥ ¥ LJ T L] L] T L) ] T L) L] T T ¥ T T T
Y .0 0.0 30 0 120.0 150.0 180 0
HISSION ELAPSED TIME(HOURS)
ASUREMENT RATE CcuRR
Low HIGH . »ru;gq‘gla, RATE ;
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TAIL SUN L

- DFI LONGERON RETENTION FITTING
- LATCH TEMPERATURE -

£

s

MISSION TIME = HOURS

— e nosE S ) TOP SUN ]‘__
‘50 —t alaa Py P " Aedh Le B e,
I
FLA)
100 !
n-
LM,(' / / m&‘ﬂ ’
50 % ! { 4
)
) \ l,w% | A - 5752 lecur DATA
o A /' T R B - SINPLE RETENTION FITTING THM
¢ bt nw itk
B\ e ——————r———
-50 - - ".3, 8
~100 — v—r rioyey vy —~—r v
] 60 120 180
MISSION TIME - HOURS
THA/FLIGHT DATA COMPARISON
DFI LONGERON RETENTION FITTING
= LATCH TENPERATURE -
BOTTOM .
—sl s b= po— TAIL SUN _..‘
150 - - . -
100 ]
°l ”:3' k,l {\
VR AW .
2 ol { ;
= \’ J - Y l! Y
g e A 1, /
g . ."; l\ L A - STS-4 FLISHT DATA
BNE U, : B - SIMPLE RETENTION FITTING THM
59 ;
0 60 180
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ORIGINAL FAGE IS
THVFLIGHT DRT/\_ COMPARISON QE‘ PO@R QU ALITY

STS-3 EHTRY
FUD LINER (X =€70)

o N “ I
lt““‘ihr:'zknmm “ i

100

40

g,. 60 - -‘“J
- A
[
2
2
% 40
) J
20 Ij A = STS-3 FLIGHT DATA
PNy
| Jued / 8 - 3% ™!
il
] ‘ b |
Purge
Vent Applied

_
STS-1 POSTLANDING TEMPERATURES
S0 r PURGE GAS = 65°F
80 - /ps .
V4 \ \
7/ Nt
\ V3479312 (LINER)
70 DO /
TEMPERATURE V3479128 ok /
°F | (LONGERON)—" o
T V0OT1584 \'\\ ~ /
(DOOR STRUCTURE)—"" "\ s
50 |- . / \“PIL BAY
N AIR
40 | | _
50 60 70 80

MISSION TIME - -HR
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wF? PER
£ b

H

ORIGINAL PAGE 1
CoNCLUSIN  OF POOR QUALITY

o [N GENERAL THE FLIGHT THERMAL ENVIRONMENT IS LESS SEVERE
THAN PREDICTIONS EXCEPT FOR POSSIBLY TOP SUN.

o NO ADVERSE THERMAL EFFECT ON THE ORBITER OR PAYLOAD AS A
RESULT OF INTERACTION FOR PAYLOADS FLOWN ON THE FIRST FOUR
FLIGHTS.
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