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From: G. W. Georgi/A. Desimone 

To: ~R. Haslett/M. Tawil 

Subject: "D" MISSION LM-3 THERMAL ANALYSIS NO. 6 
FlNAL PRE-FLIGHT ANALYSIS 

Summary: 

This memo is the final IM-3 "D" mission pre-flight thermal analysis. Predicted 
temperature responses for many points in the vehicle are presented. From ref. (6) 
as well as verbal communications received at recent Flight Operations Planning (FOP) 
meetings, hot case and cold case missions were established {see mission timeline on 
page 12). For both cases considered, all internal components remained within accept
able temperature limits. However, thermal constraints for the IM-3 "D" mission exist, 
primarily due to extended fixed orientation periods with respee!t to the ' sun. These 
are briefly summarized below; 

1. IM-3 launch temperature is limited to 65°F to 75°F. (ref. (12)L . 
2. Window shades must be in the deployed position { shade down) during all un-

manned mission phases. {ref. (15)). · 
3. During an open front hatch EVA, the sun can shine into the IM cabin for a 

maximum of 15 minutes. (ref. (8)). 
4. The duration of fixed orientation holds with the sun incident on the +Y or 

-Y sides of the LM is limited by the upper fracture mechanics limit of RCS 
tanks (85°F, 192 psia). {ref. (13)). 

5. DPS tank upper fracture mechanics limits {75°F, 275 psia) restrict the 
duration of +Y, -Y, +Z, -Z holds. (ref. (14)). 

Typical temperature ranges in both stages are tabulated below: 

NODE TEMP. RANGE ( °F) 

DESCENT STAGE 
Average Structure 600 44-75 
Basic Cruciform 57 44-75 
Water Tank 133 54-75 
+Z Tank Skin J.67 44-86* 
Engine Compartment 45 44-98 

ASCENT STAGE 
Average Cabin 302 50-86 
-27Z Bulkhead · 650 50-78, 
Engine Cover 328 52 .... 8? ( exclud. 
Engine Injector 342 50-75 APS fire 
Main Ox Tank 701 52-75 
RCS Ox Tank 702 50-75 
H20 Tank 772 56-75 
-Y FWD RCS Interface 410 54-86 
A/S Battery 642 34-75 

-
*satisfies fracture mechanics limit at lower pressure, 

see ref. (13) · 
Pertinent thermal network input and output data for this analysis can be found in the 
index on Page 2. 
Detailed nodal diagrams are found at the end of Appendix D. 
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AP?EiillIX D (Detailed CRT Plots - LM Ascent Stage) 

NODE P::--:r:J D:::'.S~I?l'ION I PAIZ };0 -----,.--- lJODE .PJill DESCRI?I'ION 

(Ascent Stage) ( ) 
~ot Cold 

hScent Stage Case Case 

9 LCA hVera£e Cool 
28 D/S :Battery 
30 D/S Battery 
31 D/S ECA 
37 D-fLJ Coolant 

40 P'I'A Coolant Outlt 
47 Gly Outlet Cab HX 
56 Aft . Bay Cool Outl 
57 1·;ater Boiler Outl 
78 Gly Out Upst Elec 

79 Gly Inlet Cab HX 
83 Regen Ht Ex Inlet 
116 Hater Boil Inlet 
117 A/S Bat Cool Inl 
120 D/S Bat Cool Out 

122 Pt.:.nn Cool Inlet 
190 As e~ H20 Tn...~ (-Y) 
191 As e. E20 Tn.~ (+Y) 
214 1:av. Bay Viylar 
223 IMU 

226 panel I 
227 Panel II 
234 Panel XI 
237 Panel "Y:vI 
249 Air rtevitalizer 

250 Cabin Fan 
251 1·,ater god . Simul 
299 Aft. Bay Av Strct. 
301 Cabin Oxygen 
302 Average Cabin 

303 Cab Midsect Roof 
307 Docking Tunnel 
318 MTT Supp. Struct 
328 Engine Cover 
331 Cab Floor Itidsec. 

58 
60 
62 
64 
66 

68 
70 
72 
74 
76 

78 
80 
82 
84 
86 

88 
90 
92 
94 
s6 

98 
100 
102 
104 
1o6 

108 
110 
112 
114 
116 

118 
120 
122 
124 
126 

59 
61 
63 
65 
67 

69 
71 
73 
75 
77 

79 
81 
83 
85 
87 

89 
91 
93 
95 
97 

~ 

332 B~gine Compart. 
342 Engine Injector 
400 TI<:U Support 
410 -Y ?'~d RCS Intfc. 
413 Strct. Behind Pnl 

415 +Z Cabin Floor 
417 Strct Behind Pnl 
418 Strct Behind Pnl 
l;-34 -Y Inner Window 
438 r av. Bay Struct 

527 Aft Tnk Supports 
570 A/s Bat Cld Rail 
577 Aft Rack Support 
617 AEB Bkface Mylar 
6':;p Rend. Rad. Elect 

639 SC".r:.A #2 
640 A/S ECA 
641 A/S Eattery 
642 A/s ?attery 
~45 Inverter #1 

99 648 Abort Elect. Ass'y 
101 650 - 27Z Bul.f.head 
103 652 S-:2d. Power Amp 
105 690 - Y ?wd RCS Strut 
107 691 GOX Tank 

109 692 Helium Tank -Y 
111 693 F.elium Tank +Y 
113 6 95 .-Y F1-1d RCS Inj ct. 
115" 697 -Y Fwd RCS Skirt 
117 700 Mn Fuel Tn..."lt Skin 

119 701 Main Ox Tn.."lt Skin 
121 702 -Y RCS Ox. Tank 
123_:,~ 705 -Y RCS He Tank 
125 707 +Y RCS Ox. Tank 
127 708 +Y RCS He Tank 

734 -Y RCS Bay Strct·. 
755 Fuel Tnk Bay Bot 
770 Engine Support 
772 -Y Water Tnk Shl 
773 Fuel Tank Bay +Z 

;:Ot Cold 
Case Case 

128 
130 
132 
134 
136 

138 
14o · 
142 
144 
146 

148 
150 
152 
154 
156 

158 
160 
162 
164 
166-

168 
170 
172 
17!1 
176 

178 
180 
162 
124 
185 

188 
190 
192 
194 
196 

198 
200 
202 
204 
206 

129 
131 . 
133 
135. 
137 

139 
141 

· 143 
145 
147 

149 
151 
153 
155 
157 

159 
161 
163 
165 
167 

169 
171 
173 
175 
177 

179 
181 
183 
185 
187 

189 
191 
J.93 
195 
197 

199 
201 
203 
205 
207 
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APFE~'"DIX D (Detailed CRT Plots - LM Descent Stage) 

i~ODE .A:.JJ D::::SC:-{l?1'ION ?A~ IW. i:ODE .AJill DESC?.IPI'ION .PAGE RO 
(Descent Stage) Eot I Cold (Descent Stage) ::ot Cold 

Case Case Case Case 

17 Fuel -Y Tan.lt 
- 208 140 :2ngine Support 266 2:67 209 

18 Fuel +Z Tank 210 211 167 +Z Ta."lk Skin 268 269 
19 P-..1el +Y Tank 212 213 , ,-:: a -~,, -z Tank Skin 270-- 271 
20 Tuel ·-z Tank 214 215 172 Y Ta..YL'tt Skin 272 273 
21 -Z L.G. Attach Pt 216 217 174 -:y Tan.'tt Skin 274 275 

24 +Y L.G. J..ttach pt 218 219 194 _Fib. H.S. ~.c. 276 277 
29 -Y L.G. Attach pt 220 221 220 +Z Hylar Int. BHS 278 279 
35 +Z L.G. Attach Pt 222 223 224 -Z Mylar Int. BHS 280 281 
38 GFE Bay Top 224 225 266 NI - Fibfrx. BHS 282 283 
45 Eng. Bay Wall 226 227 449 .- Batt. #1 Quad 4 284 285 

-
54 Engine Support 228 229 451 B-e.tt. #3, Quad 1 286 287 
57 . +Z +Y X Form Str. 230 231 460 PLSS Batt. Str • 288 289 
58 +Z -Y Form Str. 232 233 489 Fib. H.S. Ep. Nozzle 29() 291 
60 -Z -Y X Form Str. 234 235 600 Avg. Structure 292 293 
61 Cruciform Quad 2 236 237 605 -Z Tan.'tt Skin 294 295 

62 -Z +Y X ?orm Str. 238 239 6o5 -Z Tank Skin 295 297 
64 +Z +Z Y. Form Str. 240 241 611 -Y Tank Skin 298 299 
66 +Z Tnk . Bay Eotton 242 243 612 -Y Tar1k Skin 300 301 
69 G?:C: :3ay Eottcm 244 245 617 + Z T:::nk Skin 302 303 
ll3 Helium Tank 246 247 618 +Z Tank Skin 304 305 

119 Injector Middle 248 249 623 +Y Tank Skin 3o5 307 
127 Injector Eottom 250 251 624 +Y Tank Skin 308 309 
128 C-OX Tan.'tt 252 253 
132 Fuel Sh. Off Vlv. 254 255 
133 Kater Tank 256 257 

134 Injector Top 258 259 
135 Ox. Sh. Off Valve 260 261 
136 Gimba.l Ring 262 263 
138 Blast Deflector 264 265 
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Discussion: 

This memo documents the final predicted temperature response of the Dl-3 
vehicle during the D Mission and updates the reference (1) analysis. The 
mission considered here consists of three mannings and is still applicable as 
of Mid January 19:>9, The slight differences that exist between this analysis 
and the preliminary "Apollo 9 Flight Plan" (ref. 16) are tabulated in the 
Mission Timeline on page 12. 

Hot and cold cases were run on the IBM ?,60/75 digital computer for both 
the as~ent stage (A/S) and descent stage (D/S). The basic nodal thermal _ · 
networks used on the digital computer are described in reference (5) and 
appendix D. The hot case consists primarily of a vehicle orientation where 
the IM rotates about its X-axis and the solar vector is perpendicular to this 
axis. This condition is termed ''hot A" in ref. (?). The cold case for the 
descent stage is where the sun is incident on the +X side of the vehicle {top 
ascent stage). For the ascent stage, the cold case was taken with the sun 
incident on the -X side (bottom descent stage). 

The cold case for the ascent stage includes an open hatch EVA in the 
second manning period ~here for two hours the front hatch is opened and the 
inside of the cabin sees space. In this time the average cabin cools down 
approximately 2°F. 

The hot case includes the effect of the front hatch being open until the 
cabin step (node 3?,6) reaches 200°F due to direct sunlight. At that time (about 
15 min. open hatch time) the hatch is closed. This is a mission constraint and 
is discussed in reference (8). 

A tabulation of the major differences between the hot and cold analyses 
is given below: 

HOT ANALYSIS COLD ANALYSIS 

Launch Temperature 75°F 65°F 

Prbital Orientation Hot A rotation -X A/s iD/S shades A/s) 
(solar vector perpen- +X D/S A/S II D/S) 
dicular to IMX-axis 
of rotation) 

Windows: shades-Coasts deployed (shade down) deployed (shade down) 
-Mannings not deployed (shade up) not deployed (shade up) 

defog heaters~Coasts OFF OFF 
-Mannings ON (All Mannings ON (Mannings 2,3 only 

EVA - OPEN HATCH 15 Mil'l. 2 hrs. 
(sun into cabin) ( Cabin sees space) 
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It should be noted that the orientations considered here were chosen to 
represent a nominal hot mission and a nominal cold mission. The hot A rotation 
(sun incident perpendicular to IM X-axis of rotation) appears to be typical of 
the most probable actual LM-3 orientation: random without extended hold periods 
with respect to the sun. Both ±X holds and hot A rotation orientations represent 
uniform external input fluxes to the LM, i.e., thermal gradients in the vehicle 

anu~ are minimized. Thus, this analysis is a good indication of average vehicle 
response in earth orbit. 

Extended hold periods with the sun incident on the ±Y sides can cause RCS 
tanks to exceed their fracture mechanics limit temperature of 85°F. This is 
a IM-3 mission constraint and is discussed in ref. (13). A similar situation 
exists for the DPS tanks, where extended ±Y, ±Z holds can cause the tanks to 
exceed 75°F. This LM-3 mission constraint is found in ref. (14). 

This analysis is based on launch temperature extremes of 65°F to 75°F as 
stated in reference (12). Launch temperatures above 75°F will cause DPS pro
pellant tanks to exceed the fracture mechanics temperature limit. Launch 
temperatures below 65°F can lead to water line temperatures approaching · 
freezing temperatures for cold soak orientations. 

The results of this analysis are given in terms of temperature histories 
of vari(')1_1 s nodes. Comparison plots (i.e. hot and cold case) are found on · 
pages 39-54 Detailed CRT plots are in appendix D. The memo index on pages 
2-4 lists the nodes plotted. Pages 310-314 are copies of the LM-3 nodal 
diagrams and are used as a reference for the temperature pl~ts. 

Conclusion: 

For both cases considered, all internal components remained within 
acceptable temperature limits. However, this is true only fqr the assumptions 
made in this analysis. If the vehicle is exposed to extended ±Y, ±Z holds 
it is possible to exceed temperature limits of RCS and DPS tanks. Similarly 
if IM-3 is launched at a temperature lower than 65°F it is possibl~ to have a 
cold problem (frozen water line) in the A/s to D/S umbilical. 

AD/GG:rb 
cc: T. J. KellylE- D. Lawson M. Dandridge* 

J. Coursen/R. Carbee* R. Krigsman H. Eidinoff 
G. Smith* A. Mendelsohn* J. Rogovin* 
D. Mc c~tan* B. Sidor* R. Specht* 
F. Wood* J. Kutilek* DOS 
R. Pratt/T. O'Brien/E. Kadel F. Edelstein* 
F. Elliot/R. Alloca L. Hemmerdinger* D. Rogers* 
R. Botwin* J. Roukis/R. Bullis * w~ ·valentine* 
M. Solon J. Smith NASA/MSC (2) D. Smith/ J. Wittenberg* 
M. Durcan J. Craig NASA/MSC J. Devaney/G. Caviris* 
J. Rizzuto/P. Bender R. Bro-wn NASA/4MSC T. Attridge* 
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-
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1. 

APPENDIX A 

BASIC ASSUMPTIONS 

Vehicle Configuration 

a. 

b. 

c. 

Structure 

SWIPPED 
ALSEP 
RTG 
DFI 

D/S Split Batteq, 

(X) 
( ) 
( ) 
(X) 
( ) 

Coating: 

IM-1 
IM-2 
IM-3 
IM-4 
IM-5 & sub .• 

( ) 
( ) 
(X) 
( ) 
() See References 3 and 7 

Insulation Blanket$: 

Thennal insulation blanket build-up information can be found -
in Reference (4). The effective emittances of .01 of the 
A/Sand D/S thermal blankets were considered constant through-
out the mission. 

d. The mounting clips for the glycol lines are insulated in all areas. 

e. Windows are shaded during unmanned periods. See mission timeline on 
page 12. 

2. Initial Conditions - The descent stage and ascent stage at launch were 65°F 
and 75°F respectively for the cold and hot cases. 

3. Nodal Analysis - The general nodal arrangement can be found in Reference (5). 
The number" of nodes are indicated below. r • 

A/S Total: 
D/S Total: 

4. Limitations to Analysis: 

700 
450 

Skin: 90 
Skin: 50 

a. Mission and equipment timelines are approximate based on best available 
information. 

b. Neglected SIA deployment effect (i.e., plume impingement) 

c. Plotted glycol temperatures have meaning only when the glycol loop is 
functioning. The first plotted point after the glycol loop is turned 
on should be disr~garded. 
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d. The oxygen temperature (node 301 A/S) is only s_ignificant when the 
cabin is pressurized. 

e. Water, RCS propellant, A/S propellant, and D/S propellant depletion 
rates were considered. 

The residual DPS propellant was assumed to be at the bottom of the tanks 
(-X side). The upper (+X) half of the DPS tanks are not thermally connected 
to the propellant after firing since no propellant sloshing is assumed. This 
assumption leads to the maximum tank skin temperature changes in the upper 
half of the tank. · Prior to engine firing, the tank skin is assumed to be at 
propellant temperature with sloshing. :, _ -= _,,, 

...... .. .. 

. .: · .. 
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APPENDIX B 

GTA-1 INPUT DATA 

Mission Timeline .•.•.•••.••. 

Solar and IR Inputs ........................................... 
Electrical Equipment Timeline .••••.••.•..•.•••.•........•••.•.• 

ECS Glycol Loop Parameters. 

APS Firing Schedule 

APS Thermal Soakb~ck 

DPS Firing Schedule. 

DPS Thermal Soakback 

........................................... 

' ............................................ 
.......................................... 

DPS BHS Soakback •• · •••••••.•.••.•••..•••.•.•••••••••..•••.•••.. 

RCS Thermal Soakback . . , ... , ................................... . 

Blanket Performance ....•.........•••.•. 

Pages 11-13 

Pages l4-21 

Pages 22-29 

Page; 30 

Page 31 

Page 32 

Page 33 

Page 34 

Page 35 

Page ':f, 

Page 37 
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l 

I 

I 

I 

MISSION TIMELINE 

D MISSION ANALYTICAL TIMELINE 

AS-504/10~/LM-3 

ANALYZED MISSION 

( 0: oof LAUNCH 
Pressurized 
65, 75°F Ini tial Temp. 
Skin at 70°F A/S1 70°F D/S (Boost heating) 

. No Equipment Load 
fefF = .01 A/S, .01 D/S 
Glycol off 
RCS not heated 

(3:10) SLA DEPLOYMENT 
Hot A orientation ( r o.ll about X axis) 
(hot case) 
+X D/S, -X A/S Hol d (cold case) 

DOCKING-COAST 1 

(43:14) IM MANNING 1 
Pressurized 
Metabolic Load 
Glycol on 

( 43: 47) IM MANNING 1 
IM SYSTEM EVALUATION 

Equipment Power 
RCS Injector at 14o°F 

( 49: 35) IM MANNING 1-DOCKED DPS BURN 
349 Sec Burn 

(50:00) IM MANNING 1-W/B DRY OUT . 

(51:00) COAST 2 
Most Equipment Off 
Glycol off 
Pres. slow decay 
RCS injector not heated 

. 7:15) LM MANNING 2 
Pressurized (st i ll) 
RCS injector not heated 
Equipment Power 
Glycol on 

t 

APOLLO 9 FLIGHT PLAN (ref. 16) 

(only differences are tabulated) 

( 3 :.00) SIA DEPLOYMENT 

(42:15) IM MANNING 1-

(42:35) IM MANNING 1 -
SYSTEMS EVALUATION 

( 49: 42) LM MANNING 1-DOCKED 
DPS BURN ':{)7 Sec 

( 50: 35) LM MANNING 1-W/B DRY 
OUT 

(51:13) COAST 2 

(69:23) IM MANNING 2 
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MISSION TIMELINE 

ANALY"ZED MISSION · 

(68:00) IM MANNING 2 - SYSTEMS CHECKOUT 
Pressurized 
Equipment Power 

fl: 30) IM MANNING 2-EVA 
Depressurized 
DFI off 
Open hatch 

( 73: 50) IM MANNING 2 - POST EVA ACTIV!TIES 

(75:17) IM MANNING 2 - W/B DRY OUT 
RCS Injector at i4o°F 

(75:4o) COAST 3 · 
Glycol off 
Most Equipment off 

Pressure slow decay 
RCS injector not heated 

(90:40) IM MANNING 3 
Pressurized 
Equipment Power 
Glycol on 
RCS injectv: at 14o°F 

(91:43) IM MANNING 3 - SYSTEMS CHECKOUT 
Equipment Power 

( 92: 50) IM MANNING 3 - IM-CSM SEPARATION 
CSM undocked 
IM Active Rendezvous 

(93:50) IM MANNING 3 - DPS Burn 2 
25 sec. burn 

(95:40) IM MANNING 3 - DPS BURN 3 
22 Sec. Burn 

( 95: 20) LM MANNING 3 - LM RCS STAGING 
END D/S MISSION 

( 97: 01) IM MANNING 3 - APS BURN 1 
3 Sec. burn 

( 98: 46) LM MANNING 3 - IM-CSM DOCKING 
Docking tunnel 
load 

(99:42) LM JETTISON, IM UNDOCKED 

APOLLO 9 FLIGHT RUN 

(69:40) IM MANNING 2 - SYSTEMS 
CHECKOUT .. 

(72:55) IM MANNING 2 - EVA 

(75: 38) IM MANNING 2 - POST EVA 
ACTIVITIES 

( 77: 00) IM MANNING 2 - W /B DRY OUT 

(77:40) COAST 3 

(89:14) IM MANNING .3 

(89:30) IM MANNING 3 - SYSTEMS 
CHECKOUT 

( 92: 39) LM MANNING 3 - IM-CSM 
SEPARATION 

( 97: o6) IM MANNING 3 APS BURN 1 

( 99: 17) IM MANNING 3 - IM-CSM DOCKING • 
(101:24) IM JETTISON, LM UNDOCKED 
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I. 
I 

ANALYZED MISSION 

(100:24) IM JETTISON - APS BURN 2 
APS burn to depletion 
A/s engine soakback 

(110:00) END OF MISSION 

Note: 

MISSION TIMELINE 

APOLLO 9 FLIGHT PIAN 

(only differences are tabulated) 

(101:55) IM JETTISON - APS BURN 2 

Conditions stated for a particular mission phase remain in effect until 
changed at a later period. 
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BTU/SEC 

soy._q AND IR I NPUTS 

ASCE.!T S::'AGE HOT A ORIEHTATION 

Page 14 
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.12581 . --- · - --· - jf 450 L'B HOT A Q 5 

.Cl7E7 ___ ___ N 452 LM3 HJT A C 7 
- - .-C3S-5~-- tf4.33 L :•13 HOT A Q 8 . 

• c11ej - - - N 454 L~3 HOT A Q 9 
;--· • l64cf____ -N45::> L.-13 HOT A Q 10 

.C47.:J N 72.S L ,v\3 HOT A Q 11 
--- . ~C946J N 457 L,'O Hot A· Q 12--; 

.171SJ~ _______ _ _ N 456 L~3 HOT A Q 13 
~ --.-C-7157 N 4·5-, L.'-13 HOT A Q 14 

• C::49Cj N 4-GO LM3 HOT A Q 15 
---.-02,27'i N 4(, / L -13 HOT A Q 16 

• 14 2Cd r N 4G2. L~3 HOT A Q 17 ---• cs e 2'j N 4-l..4 L,., 3 Ho T A o 19 
• C4233 N 4G5 L:-13 HOT A Q 20 

---.C54E\J -N-4-(,;.. L~13 HOT A Q 21 
.(5022 N ¼7 L.'-13 HOT A Q 22 

•- -· - .1410J - N~& - U-13 HOT A- -0 23 
.Cl912 ------- ~ 410 L~3 HOT A O 25 

:---. 0227't Nt;'t\ UH HOT A Q 26 
.01461 _ ___ __ N 4T2. L~3 HOT A Q 27 

.---- -.-f j f fj N -l;. 14 L "13 HOT A Q~9-
• l 9-< lo N 4-15 LM3 HOT A Q 30 
.C97.:J N 41G, L .'-13 HOT A Q 31 

'. .C0945___ _ _ N 411 U13 HCJ T A Q 32 -i--- :cTzLj; N 4-"{a LM3 HOT A Q · 33 
! .c2c15 N 4-1C) L'-13 HOT A o 34 
- - -~-C°l62v .• N4c-') L:-13 H OT A Q- 35-

.15343 . ___ N 462. ___ LM3 HOT A Q 37 
--.-2c5)."37______ ·-- - ·- -N- .;_;s- L-13 HOT A Q 38-
1 .Cl!U N 4f,5 LM3 HOT A Q 40 , 
L- • 013 El. N 4c1 L '-13 HOT A ·o - 4T-, 

.1g444 N 401 L .\13 HOT A Q 51 
---. C9C 3-.L N 1'4-'o L M3 HOT A Q 53 

• 11680 N "750 LM3 HiJT A Q 54 
--- :-t96SJ N 7~0 L,"1 '3 HOT A Q 55 

.04=h N 1GO Li-13 HOT A Q 56 
---.-C-322d .--.;;;,..::-:,; N 7G?- L \13 HOT A Q ·sr-

• 06.3b _____ N 1'~(} L i'-1 3 HOT A Q 59 
.-----.-C:"63-7:; ~~ 7~3 L '-13 HOT A Q 60 

.237<;] ~j 114. L'-13 HOT A Q 61 
' • ~l 7Cj N 1 7~ L :-f3 HOT A Q 62 

• l 9407 _ i• 1To l ,"13 HOT A Q 63 
- - -. r<r 249 N -($ ) L -13 HOT A Q 64 

.1S37-t _ ___ N : !C, L:-13 HOT A Q 65 
- -- . ·203 1·1 N 71.L L:-13 HJT A Q 66 

• 102 25 ___ ' N 714-- LM3 HOT A Q 67 • 
----.- 2·94·1j, N ·: iG L ·13HCft A Q~S~ 

• 2".:49.:, N 11 $ L '.•13 HOT A Q 69 : 
- - .- i. 40 -2~ ~,j fio L~-1 3 HOT 4 _ _ 0_ 70 _ _ 

! _q _745 _ _ ___ __ . 1···1 12.2.. Lh-\3 HOT ._ A Q 71 

-
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SOIJI.R AND IR INPUTS 
• 

ASCENT STAGE HOT A ORIENTATION 

BTU/SEC 
:----;Cl 8 27 N -,~ I': ,t-'1" LM3 HOT A Q 12 

.C49S~ N 182. L /"1 3 HOT A Q 73 

.C 34 6;, N 75_, L :•13 HOT A Q 7~ 

.C6lc7 N 1s~ U-13 HOT A Q 75 
---.zc;y-33 . N 7-0 :;, ... LM3 HOT-A Q r6-

.C244j N ,q~ L"13 ~OT A Q 77 
- . 0 1371 N --- ,1 lM3 HOT A Q 95 :, I • ;-

• Ol4C~ N 355 U13 HOT A Q 96 
• CT7"87 . N 

- z: _, . .j_ ..,,I LMrt=ibT A Q 97 
.cc~tia N "i::- ~ :) -', un HOT A Q 98 
• r1--;no - N-G'5o M3 H01. A~ 99 : 
• 2794J -. N Go2. LM3. HOT A Q lC:O 
• 1Ct32 - t, G,1 0 L -D-AuT A Q1~ 
.C28B _:._ _ _K_~_l;-__ __ . ~ '.~3-~.g~A-~-- ~ -~ 

' . 33251 · N G/...., l,> 3 H A l 
• C <; 7 3:> N (,If, LM3 HOT A 0 108 - ,-- - ;051i:r N ~~ L1-1THU~- a- n ·o-
• 246 7l N 5 -~~ U13 HOT A. Q 11£,. 
; 02n·;-- - · --- -- _, .. --un- R u T A 07.T-r-N :;; ;;~ 
.o N ~-) L '-13 HOT A Q 122 

---~-- ; ·cas1J- ----·n-~:> --C~r3- R"o--r-A- -Q773 ___ 
.a N ~I LM3 HOT A Q 124 

- -- • C91Co - · ----------
N ~2. . ·D"""BOT_ A _ __ ci_rz,-

.n N C)3 LM3 rl0T A Q 126 ----;·c·s·6, .,----.- -- -
N 

-~ 
l '"T" [ 1-f3"- fffi,-A------07."2 7 --. 

.C271.:> N <3 5 LB HOT A Q !.28 ----. ro1c1-- N 0 ·~ T T~T71oTA--<r-r z-g-· , ...,. 

.o N 13~ LM3 HOT A Q 130 • ·,n c~-- NG%, L .f3- HOTA--Q1 7~~-
• ('4 C' 26 ~ (,~1 LM3 HOT A Q 171 
• 07+ (!' 2-:J - · 

~ 
,,,. ' ..... LM3HOT A QIT~ 1...'C;~ 

.01 4 2;> 7=-3 LM3 HOT A Q 175 
• cot:~ -~ N ·3oc., L'B HOT A Q 176 

__ --0..2c b N 5 /(;. L 'Q HOT A Q 171 
-. OlC t3 M ~,..~ c_ L '•13 HOT A Q 253 
• 040 2o N GQO ~ ...,, ) 1.. --1~ HOT A Q.._2:"4 
• C 29 85 N 512. L'B HOT A Q 260 
• 02.c..~1 N 5\~ LM _:,_1:!.QT A Q.___261__ 
.025tl N s-:,~ L ,'-13 HOT A Q 262 
• C 1 7 e.1 N 503 L ·-11 HOT A Q_Z_t 3 _ _ · 
.Ol4(')d N ~04- l"-13 HOT A Q 264 

- - ~_n,._Ll._I} _ _ N 505 L/·13 HOT A Q 265 
•CO<; 4d N 

,.. . 
L t-13 HOT -= ...... ~ A Q 266 - • r 1. G 6,; - ·- -·· ··-~ r- t c;. ...,,.., 
LM,3 HOT c :. A Q 359 __ , 

) ---- N-c;c~ • C402~ L:·13 HOT A Q 3f;0 
• rn C ~Q... _ ___ h Co8 I I.. M'3 HOT A ~~-~1-
.1993 :> H -~ .:>~ 

LM3 HOT A Q 364 ..., _, _ 

·- -- . 0 513:> 
\ ! 1/.:~ L-13 HOT A _ _ Q__3_1,_5 -1 , ; 

• ll5C~ ' 1 ,,,,- ~ -.-- L \13 HOT A Q 39 :', -:-- i.... ~ 

• G2Ci:d N ~. -
LB HOT ~_Q_':t2_ ::,.:-_:: --- ---... -- -. - - -- -- - - -· ----.--- -



SOLAR AND IR INPUTS 

ASCENT STAGE D, (-X) ORIENTATION 

BTU/SEC _ _ _ .. 
-~ .C63Co --· · ·- -- · -. - - ---N:,_._:)- LM3 0,(-X) Q 5 

.Cll6.J N .! 5?_ L'-13 D, (-X) Q 7 
---.c·2·4s·....,...;----- N .;_53 _ L•"13 o, <-xi o · a 

.,na21 N 4-54 l~3 D, (-X) Q 9 
--·-; 01 r2"J___ }.f? :"s::, L n o, <- x I Ci ro-

• 010 s-t t-J 12.8 L, ... 13 D, (-X) Q 11_ 
• C N .; 51 L M 3 D, ( - X ) Q 12 
. 0632-, N .vs~ LM3 D, (-X) Q 13 

~---~-Cf3T4"9---------N-45-➔ LM3 D, (-X) Q 14-
. 02482 N 4G,1) LM3 D, (-X l Q 15 

---.- c-T11:J N---'~\ LM3 o, ,-x, o 16 
• C 6 3 C7 N ~ C, 2 l ~13 D, ( - X) Q l 7 

---. 02299 · N :.-;(A L ~13 o, (-X) Q ~ -

.02301 l-l Ll/5 LM3 D, (-Xl Q 20 
---.C448d N-..r~G C'-1 3 o, c-x-i--0-21 

.0244-} N -'-~1_-'------oLM3 D,(-X) Q 22 
---_-044<;ld l\-4:,~ U-13-□,r-:xl Q 2-3-

~ C0777 ~ ~10 U!3 D, (-X} Q 25 
---.cc·a-c;1 -----N·-4=11 L'-13 n,<-x> o 21> 

• CO 5 IJJ N J .. 1;.. U13 D , ( - X } Q 2 7 
--- . 06"'2 li 1 N-~1..;. L-., r1r;-c - x-r-0--79-

• c,, 4 c;j N 475 ___ L"13 D,(-X} Q -30 
:--- -; 0·3 2 c5""" --· f'r ~-r~----- c:-o- o, , - .o o 31-

• co 6 a1 N ~11 LM3 D,(-X) Q 32 
--. corn- ·-- R-~-t 8 c:q·3-o,-r=x1- o- 3·3-

• ".: 0 8 ~ 7 N :;-t S L M 3 0 , ( - X l Q 3 4 
· .------;-c-o s-1 ~------ N--~-t:~ -Du-o-;-r-x·, --0~-s-

.c62 ~2 tl ::-3?.. L:~3 o, (-X) Q 37 
.----;-c-6T42 N L$~ lcD-- 1J;T::-x1- o- :,s-

• 00 6 83 N L55 U-13 0, ( - X) Q 4 0 
---.·co·g5':;; fr-~;·'t RTl)~ 

.'15412 ~~ ~'Jl _ _ L'-13 J,(-X) Q 51 
---. c·Jc11 ~r-~a- ·-·cn-n--;-r="n-o·--s3-

• 03357 N 150 LM3 o, (~X} Q 54 
---.c2·6- ~ N 1se L'13 o,r-x, Q ~ 

• 0 l 5 23 ~l 1 ~o L ~ 3 O, ( - X > Q 5 6 
---.,..OT:- ::> --n lG,?... L O iJ ,-r-x J Q 5 7 

.0308-t N l~<> LM3 D, (-X) Q 59 

.C'3C81.t N T ,3 LM3 D, (-X) Q 60 

.C7057 N 7 74- LM3 IJ,(-X} Q el_ 
• o s s 11 N -11 c;. L 10 o , < - x > Q e 2 
• c e 845 N T/8 L n o, t- l( 1 9 63_ --~~ 
.C850~ N --,3~ Ll.\3 0,(-X} Q 64 

N 7'1_0 ____ !_C93~.J _______ - ----=L_'-13 0,(-XJ __ Q 65 
• 13cc.,. N--'nz_ L~3 o, <-x> Q 66 

\ : -,, ' __ ._ .12447__ i'- , : ·:- L -''13 iJ,.(-X) Q 67 
.12c;s~ N 7 !G. L ,"13 o, ,-xJ o ca 

, ___ .C7:U _ . ___ _ N l\3 L,'-13 0,(-X) Q 69 
• C6()7-, f~~ir; L 'B u, (-X) Q 70 

_. ___ • C 6 7 2j_____ _ __ i'-l 7? .. ?.. __ L ·-13 D , ( - .q ___ Q_7J_ 

Page lo 
u.:0-510.1.070 



-

SOIA.."R AND IR INPUTS 

ASCENT STAGE, D, (-X) ORIENTATION 

_ ___ BTU/SEC .. - .. - -- . ·· ----- -----.c --- - -- N 72~ U13 D,(-X) Q 72 
• ('I bl 1s-:.. !- ,~ L.Q__,_ ( - X ) ~-.c --- - -Nl-st, ll-13 D, (-X) Q 74 
• 0J__2_17 N 1 5.:":- L -13 0_1 (-X) Q 75 
.14687 N 13-Z. LM3 D,(-X) Q 76 

_ . _0135.3 N 7~~ L -'-1J D , ( - ~)_9 _ _ 17_ 
• 005 5b 

N·--;-:;·. 
L M3 D,(-X) Q 95 .., ., ., 

• co 3 <;J N 
-...,-
~ 1:::> L i--1 3 0,(-X) Q 96 

.0157.;; N 353 l~3 D,(-X) Q SH 
• ClO Sl N ;5~. l'-13 iJ,(-X) Q 98 
• C9 815 N Geo l '-13 0,(-X) Q 99 
• 15L4;;; ~ ~D'l__ Ll.13 D, {-X) Q 10() 
• 049 51 N GlO LM3 D, (-X) Q lC't. 
.r N 6 \q.. L M3 l)_,j_.=__X) Q 1(6_ 
• 18 7 67 N GIG. l'-13 D, l-XI 0 1C7 
• .t_7_]J,.~ __ I G, \ ?J L M3 D, (-X) Q 108 
.o N- Z..t.G U13 D,l-X) Q 110 
• 1392-J N 5'-~0 L M3 D_,_L:_X I Q 114 
• CO? 5o N-~::. r, LM3 0,(-X) Q 119 => --
.() N S~ L ·-13 0,(-X) Q 122 -- - · N7c. • C4C 7J L M3 D, (-X) Q 123 
.o N 01 L M3 1),(-X) Q 124 
• 040 E6 N 1;:_ L -13 D,(-X) Q 125 
.o )1__93 L-13 0,(-XI Q 129_ 
• 03 7 52 N ~"7 L -13 D,(-X) Q 127 
.Ol37i ~1 95 L ..._,3 O, (- X ) Q 128 ---------- -> I' • 04 e t5 N --~ l\3 0,(-X) Q 129 
.o N 133 l '-13 D,(-X) Q l.30 
• CO 8 E::;. . r, 5--. N ~ ✓ -..: L ,'·13 D,(-X) Q 170 
.04743 t-.' C.~l '-- ··- L M3 D, (-X) Q 171 
• 114 7 4j N <;, e,2_ V ·13 D,(-X) Q 172 
.c N 133 l '-13 D,l-X) Q 175 
.o N 30C. L M3 D, (-X) Q 176 
.0 N 5I~ LM3 D,(-X) Q 177 
.C0884- N(';8-S L ·n D,(-X) Q 253 
• 04 7 4~ N (.,~9 L ·B 0,(-X) Q 254 
.cTM4 i-{57% L -·13 D,(-X) Q 260 
.Ol6C't N 5t3 LB D,(-XI Q 261 
• C092J N 800 l 'B D, (-X) Q 262 
.Ol57L N 503 L "'13 D, (-XI Q 263 
.C0387 N 5·0~- L :O O,(-Xl Q 264 
.CC55,- N 505 L '-13 D, (-X) Q 265 
• 0 l 2 5"7 N 50Cft L '-13 D,(-Xl Q . 266 
.coee,. }{ (;,'63 L~3 I), (-X) Q 359 
• C4 i 43 N c.e.4- L;-,1 3 D,{-X) Q 360 
• CC88<t N G~I L 13 D, (-X) Q 36 l 
. 1C55"7 N SB,_::> L -'-13 D, (-X) Q 364 
• C4 l 3.J :'I 4-G".:) L '-13 D, (-X) Q 3c5 ----- - ,~ .. 
• C 3 2 2S t, .!+-C7 L ~-13 D ,(-X ) Q 39 
.c \ ! ~., -

I'. _, -:) L '-13 D, (-XI Q 42 ---- --

Page 17 
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SOLAR AND IR INPUTS 

DESCENT STAGE HOT A ORIENTATION 

Page 19 
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.. BTU/SEC 
-.C C-3y:>------ - - - - - · - - - -}! -:. ·. ~ L ~ 3 - H CT- A--Q-5--7-

. - .0(.252 ~, 3~ LM3 HOT A Q 5e 
-.cc2'Jit N-s5r - --- tt-13 HOT - A - - Q- s~ -

- :~~-~! ~{~- ~~; __ ~g~--:- -~:~ 
.OC20c N ~~L LM3 HOT A Q 62 _ 

·o-e. N-~t2- - ----uB - HOT--A - - ·0--6·7-
cc. N ; 14-____ LM3 HOT A Q 68 

. f-C. N- 3,c;, UG--HOT - A--Q- - 69--
CO. ~I 3lB LM3 HOT A Q 70 
Gv . 1- ~-- _.L M3· HGT- A---Q-1--l-

.4C O20 N ~g,4 L~3 HGT A Q 72 
-~ =1-2 6-3--- - - -----'-N'--'1 $10 l:-M3- HOT-A~ 
oc. N 244-__ __ LM3 HOT A Q 74 
ce. N-310 l -M3 - HOT--A- -Q-7-5-· 
CC. N 411 . UH HOT A Q 76 
eo. l:-J-l3--HGT- A--Q- 78-N 2.-;.~ .0376c N ~Q? L~3 HGT A Q 79 
-.~-292· ---- - L~3-·HUT- A---Q-80-

.C2721 N 29° L~3 HGT A Q 81 N ?9? - . ~2571------- - -;..1--;:-- -~ - -L-M3- H0l-- A- - Q- 82 

.C2267 N ~~~ Lr-!3 HOT A Q 83 
- .c-2197 ~, .. :--1

; L~3--HGT-- A--Q-84-
. • Cl817 ~ ~9~ L~3 HGT A Q as · 

".l..i'. 1 N_~::: .<::"'---+M3-HOTA-·· - r,- 86-. -.c ,vt:- N -~::-- } r- ~ 
. 0 2336 N ~~ ----L~3 HOT A Q 87 _ -€-.-o N 4~7 LM3 -HOT- A--o - aa-- . 

C.O N 87 ltJ3 HOT A Q 89 
- .-~ 89 7 : --00 Li'! 3- - HGT- A Q - 90-N ✓ 0.0 N 91 LM3 HOT A Q 91 
-.-&SliJ ~? -UU- HOT--A ~ 92-

C.O N ✓- LM3 HOT A Q 93 
- - .-G-Sc73 -~ ~~ LM3 - HOT- A---Q--94--

. 0 271J '- i e>,... L~3 HCT A Q 95 
- . -l-€-7-6- 1'L-- ,.:> Lf!!-3-HGl- A Q. - 9~-

• 0 H: l l ~ i~ UB HOT A Q 97 
--. C-l 5-S l N ~ 5 L M 3-H G-l-~8-

• 0l593 N ~'0 LM3 HOT A Q 99 : 
.01662 N 1~, L~3 HGT A QlOO 
. 0 1703 N JOI LN3 HOT A QlOl 
• G 15S I N I oz. U"l37101 A QIUZ-
• 0159 l N 103 LM3 - HOT A Ql03 
.Cl591 N JD4- Ll-.3 HGT A QIIJl+' 
.CC277 ~I 35~ L1'13 HOT A Ql09 

--;-cc2T1--_· }( 357 LM3 - HGT_ A ___ QI10-
• ccac;2 }.l 3 i~".) Lft3 HGT A Qll l 

- -. ocs•n N 3 ~; ·r-rr-RoT A o rrz-
• c219 o }J 2C o?) Lt-!3 HOT A Q _ 10 

--.czr;o N 210 L"J"rrcr A CJ . ti-
.cca92 ' t 33 3 L"3 HCT A Ql0S - -;-c-ca-sz--- ,

1
--:i~-,;;, - --"-- 1-n- Hor --~-o 106-

; , ._,..., ,/ 
. CC277 \ ! ~, ,;, L~3 HOT A Ql07 --. c-cn.,....._---- ----~-·~~ t ~3·r1or- A-- - Q· ,..o o---}~ 3 ::~j ~ ~ 0 
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SOLAR AND IR INPUTS . · -. 

DESCEN'l' STAGE; C ( +X) , ORIENTATIOI'{ 
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J· I 

0 

D MISSION ELECTRONIC EQUIPMENT 
THERMAL TIMELINE 

(POWER GIVEN IN .WATTS) 

I• 

.., · -: · MISlJIOU TIME HOURS 
f • · _.-- : 
I· . 

ITEM Ra.ME 
Node 

. No . 

- - ·-·---------- - - ·- ... - ·-

I I. I I 
il0- 5-"'-1070 t ' . ,...., 
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D MISS.ION ELECTRONIC EQUIPMENT 
THERMAL ·TIMELINE . _ . • -

· · (POWER GIVEN ' IN WATTS) . ., . ... . ~ . ( .~ . ~ .• 

'-
. 

I _. 
,,, ( 

T BULATIO fOR~ 



• 
r· ,. 

.. 
,. .. . . 

.. 
D MISSION ELECTRONIC EQUIPMENT 
THERMAL TIMELINE 

( POWER GIVEN IN WATTS) 

-- ... - ,. - -- ~ .. -· 
I TEM NAME 

I I r r I - r 
I !I- MAN fJ /tJ G-_ 

I I· J . I 

~ --· I 
.J · . 
C:. , 

l- ~ 
~ ~-
u ; ,, 
' r--
'Cl 

I - '- I I 

; 1._tlE-
~ 
'.:) ·oc: 
Q ;f . I 
:t \U I u 
Iii ~· 

,:::& <c:< 
u q_""!> ..,,~ 
• 0 QI'. , 0 
!! OL !? -. : .. et-

~ ~ '° \o 

I I l Ii ·· j I . I 
, I . 

M A-t.J f'J I})~-
-I 

a:'. I Lt1 -I f J I , I 
0 
>- 0-510-1070 ,: < ; • 
!. .... Page 24 
~ ~ . Q1 
-:, () 
\') . ),, 

~~ -
.. 

' -.. 
~ l ; . 
J!. I . - , . ••• -7 ... , . 

I 1 ,. -~ 

' 
0 a t 0 ~ 
~ ·~ i-,-. . ,... ,..., 

i " 

ia l -... .. 
·111 ~ · 1:11"" . -· . - . -- -

.;j-

:>: 

. ~l,ycol Pump {Pr~--·. "~ :/6 6. _ - - - - --- - ---"3'--0_._5 __ --_ -_ -_-,_ -_-_-_-_-_::-_-_-...::-...::-...::-.::-=-=- -v::>◄~o-:_;-,-.:_-_-_-_-_-·~-~'.!..1--:'.!_l.,r,~~~~~;-==-::--=-=-=-=-=-=-=-'J __ o_,_S_ - _----::..-=..-:.....-_-_-----_-_""'!___1_>_,,_, _________ _ 
, {Re~_ · __ 

· l ~~Fan! - -- <f3: /<l · - - - -- -- '3~.-~-- ------ ··--- · · ~7 -176----- -- ~='3-~-5_ -:.._-:..-_-_-:..-::..-::_'v'--7/:~~~- · n;;~A _ _ :J_S-:_. _S'._~--=---'7-"-S-_r,:l~---------

1 , Suti_Fan ----~ -'f-3;~;;~~~~---- =:-_·--_-:1::: ~~~--==--------=~·.·=:_-~-·~s-0·~~'1---_-__ --<,1:/<l--~,.._---::::-::::·-==----/ll-:?.T __ ____ 7~137 -·"':< 
I· ;· '-='------------- - .:• ---·-. -~+.,,,.:"'~ ..... -- • 
I - -- --------------- +-,--------·~-----~--·---- ·1- . - { .·tS 
_, --'-----.------------:-------~---- ---·---

~ /;'!I, - - ---------·- --------

,. . ---·-· · . ~- --· . .. -- TABUlAT\Otl FO RM 
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• -' 
!... 

- : 

l · l ... I ·' -- F I t .. r ,' r - r .- 1- 7 
... ♦-' • ...... .. • • .. .. . . ~ 
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RCS Thermal Soakback 

LM0-510-1070 
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This effect was not considered in this analysis. When the RCS injectors 
are electrically heated to 140°F during some manned IM periods, this comprises 
the major heat flux to the A/S due to the RCS clusters and is included in the 
analysis. The additional heat (short heat flux pulses) due to RCS engine 
firings is very small when averaged over the entire manned period. 
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Blanket Performance: 

hki?rl ftil l! 
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This analysis uses results from the ref. (ll) LTA-8/"D" Mission sin:ulation 
test. These values of blanket effectiveness are .01 for both ascent arra des
cent stage. 

• 
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APPENDIX C - SELECTED COMPARISON PLOTS 
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Engine Cover 
Engine Injector 
Main Ox. Tank 
-Y RCS Ox. Tank 
-Y Water Tank 
-Y Fwd. RCS interface 
Ascent Stage Battery 

Average Structure 
Cruciform Struct. 
Engine Compartment 
GFE Bay 
Water Tank 
+Z Prop. Tank 
-Z Prop. Tank 
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NOTE: The next two pages list the CRT plots available for the A/S and D/S. 

The last pages of this appendix consist of LM-3 nodal diagrams that can 
be used to locate the plotted nodes. , The following diagrams are included: 

Figure 1 - A/S Vehicle Nodal Diagram 
Figure 2- A/S Cabin Interior Nodal Diagram 
Figure 3 - Primary Glycol Loop Nodal Diagram 
Figure 4 - Redundant Glycol Loop Nodal Diagram 
Figure 5 - D/S Vehicle Nod.al Diagram 
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Rot Colt 
(Ascent Stage) Case Case 

9 LCA A,·erage -Cool 58 I 59 
28 D/S Eattery 60 61 
30 D/S Eattery 62 63 
"1 D/S ECA 64 65 .J-

37 DID .Coolant 66 67 
l 

40 ?TA Coolant Outlt 68 ' 69 
47 Gly Cutlet Cab H:X 70 I' 71 
r::' Aft. Eay Cool •Outl 72 i 73 ..,o 
57 v?ater Eoiler Outl 74 ' 75 : 
78 Gly 0-~t Upst Elec 76 I 77 

79 Gly Inlet Cab H:X 78 l 79 
83 Regen Ht Ex Inlet 80 81 
116 1-!ater :Boil Inlet 82 E3 
117 A/s Eat Cool Inl 84 85 

j 

120 D/S 3at Cool Out 86 87 
' 89 122 Pump Cool Inlet 88 j 

190 Ase .• H20 Tnk (-Y) 90 I 91 I 

191 Ase. H20 Tl1.k ( +Y) 92 93 
214 Hav. Bay Mylar 94 o-

' 
..,:, 

223 IMU 95 97 -
226 panel I 98 99 
227 Pa.llel II 100 101 
234 Panel XI 102 103 
237 Pa.'1el XVI 104 105 
249 Air Revitalizer lo5 107 

250 Cabin Fan 108 109 
251 Water Hod . Simul 110 lll 
299 Aft. Bay Av Strct. 112 ll3 
301 Cabin Oxygen 114 115 
302 Average Cabin 1i6 117 

303 Cab I,r:idsect Roof 118 119 
307 Docking Turmel 120 1?1 

318 AIIT Supp. Struct 122 7?3 
328 Engine Cover 124 , ,..,~ -- .., _., 
331 Cab Floor 10.dsec. 126 7?7 

' . ' 
' ' ' 

- -

. • .. . 

... ~ -· ., .......... .._. '7.J 

-

(Ascent Stage) 

-"·? .).)- :Sngine Cc~art. 
342 :2:1gine Injector 
400 r;.1J Support 
410 -Y ?wd RCS Intfc. 
413 Strct. :Sehind Pnl 

415 +Z Cabin Floor 
417 Strct Eehind Pn1 
418 Strct Behind Pnl 
l.;34 -Y Inner Window 
438 I~av. Bay Struct 

527 Aft TrL~ su~uorts 
570 A/s Bat Cld- Rail 
577 Aft Rack Support 
617 AEB Bkface Mylar 
635 Rend. Rad. Elect 

639 SCEA #2 
640 A/S ECA 
641 A/s Battery 
642 A/S Eattery 
645 Inverter #1 

' 61;8 Abort Elect. Ass'y 
650 -27Z· Bulkhead 
652 S-Bd. Fo·wer .P.nrp 
690 -Y F'wd RCS Strut 
691 GOX Tank 

692 ~elium Tan.le -Y 
693 EeliUl!l Tank +Y 
695 -Y Fwd RCS Injct. 
697 -Y F'l·~d RCS Skirt 
700 :.:., Fuel TrL'lc Skin 

701 l,:ain Ox TrLlc Skin 
702 -Y P.CS Ox. Tank 
705 -Y RCS He Tank 
707 +Y RCS Ox. Tank 
706 +Y RCS He Tank 

7~!! ..J . -Y :S.CS Bay Strct; 
755 ~uel TIL'lc Bay Bot 
770 E:if;i_ne Sup:port 
772 -Y ~-~ater Tn..lc Shl 
773 Tuel 'i'a.-ri.lc Bay +Z 
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Case Case 

1?8 129 
130 131 . 
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134 135 
136 137 

138 139 
14o 141 
142 143 
144 145 
146 147 

11.;8 149 
150 151 
152 153 
1=:h ., . 155 , ~" 
--::P 157 

158 159 
160 161 
152 163 
164 165 
166- 167 

168 169 
170 171 
172 173 
174 175 
l '7 ' / 0 177 

178 179 
120 181 
182 i 83 
l c4 185 
1P' __ o 187 

188 189 . . 

190 191 
1 0? :L93 -✓-

::.94 195 ,c~ _ _,, .., 197 

1~3 199 
200 201 
2C-2 203 
cG4 205 
cG6 207 
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Jl.PFEIIDIX D (Detailed CRT Plots - L:,1 Descent Stage) 

1:onE .A.2:D D:2SCRI?TION 
(Descent Stage) 

17 Fuel -Y Tank 
18 Fuel +Z Tan.~ 
19 Fuel +Y Ta.."lk 
20 Fuel -Z Ta.11k 
21 -Z L.G. Attach Pt 

24 +Y L.G. Attach Pt 
29 -Y L.G. Attach pt 

35 +Z L.G. Attach Pt 
38 GFE Bay Top 
45 Eng. Bay Wall 

54 Engine Support 
57 +Z +Y X Form Str. 
58 +Z -Y Form Str. 
60 -Z -Y X ?orm Str. 
61 Cruci foYT!l Q.uad 2 

62 -Z +Y X Form Str. 
64 +Z +Z X Fo:c:n Str. 

. 

66 +Z Tnk. :Say Eot tom 
69 G?E Bay Bottom 
113 nelium Tank 

119 I ::1jector Middle 
7?7 Injector Bottom 
128 C-OX Tank 
132 Fuel Sh. Off Vlv. 
133 water Tank 

134 Inj ector Top 
135 Ox. Sh. Off Valve 
136 Gimbal Ring 
138 Bl ast Deflector 

PAGE iW. EODE P:.-:D DESCRIPTION 
Hot Cold (Descent Stage) 
Case Case 

208 209 140 Engine Support 
210 211 167 +Z Tank Skin 
212 213 169 -Z Ta.11k Skin 
214 215 172 Y Tan.~ Skin 
216 217 174 -:y Tank Skin 

218 219 194 Fib. H.S. C.C. 
220 221 220 +Z I1JY"lar Int. BHS 
222 223 224 -Z Mylar Int. BHS 
224 225 266 Ia - Fibfrx. BHS 
226 227 449 -Batt. #1 Q,uad 4 

228 229 451 1L Batt. rr3, Q,uad 1 
230 231 460 FLSS Batt. Str. 
232 233 489 Fib. H.S. :Ep. Eozzle 
234 235 600 Avg . Structure 
236 237 605 -Z Tan..'.( Skin 

238 239 6o6 -z Tank Skin 
240 241 611 -Y Tank Skin 
242 243 612 -Y Tank Skin 
21.J 4 245 617 + Z 'l'e.nk Skin 
246 247 618 +Z Tan..~ Skin 

248 249 623 +Y Tank Skin 
250 251 624 +Y Ta.'1k Skin 
252 253 
254 255 
256 257 

258 - 259 
260 261 
262 263 
264 265 

; 

.PAGE ro 
Hot Cold 
Case Case 

266 267 
268 269 
270-· 271 
272 273 
274 275 

276 277 
278 279 
280 281 
282 283 
284 285 

286 287 
288 289 
290 291 
292 293 
294 295 -
29:> 297 
298 299 
300 301 
302 303 
304 305 

3c6 307 
308 309 
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I D MISSIOI, Dl:'SCF. :T STAGS 
HOT A C'Rl~~;Ti.TJOl'l 
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IJ .... 
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,11. 
-+-~~ ........ 4-< ... -~ _r :11 -

_,_.. -+-1-+-+-+-+-<s➔-·~-+-+·--l-+-+-+-+-I-I 1--1-1-- +--i~-- ~ ~ - - -+--I--+~-•- ,_ . - - L- --+--o~.,__,__ ~ .. _ 

_ ,._ 4--l,--1--+-+ .... 

"'· 1-+-+-1-+-+-+-+-+-++-i-+-+-+-t-1-+-+-+-+-+-+-+-1r-+-+-+-+-+-++-i--+-+-+-+-+-++-if-+-+4-+-I--++....~ 

, ... ~4-l--+--1-1-+-+-+-4-l-+-+--+-+-l--+--l-l-+-+-+-+-1"4--+-+-+-~-4-l-l-~-+-+-+-4-l-l-~---&-....-+-i~ 

·t '. - l-

ZII. 

151. 

· 111. 

·SI. 

-~ -· 

- I . _,_ -
- - - - -

r t -.-.:-: 
. 1 - ' tj-•+ 

--~~ - -lT- ..1+ ----r+_tr I 

~-l-+--1-1--1---1 · ...... _ -+--+--+--+-- ♦-4-............... -+-l-+--+--o ♦--..-.._._ .... ' _.....· ♦-► - - ,_ l-t + ~: H-
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H-'+ 1 _ : '.:: 
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NODE 136 
• 

Gimbal Ring 

.... -- -- _, ---- -~ -

I D v.ISSION DESC-:-".'IT STAGE 
CCLD ( +X , OR:i::IIT.P.TION 

-

-- - - - -·-'---
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l,----'--L-,,E'""'"G=EN...,,0----, 
A NODE 138 

D MISSIOK n SC?':T STAGE 
nOT A C'~E::T:~.TION 

lBlast Deflector 

" . -rj'f[•·· ~ ~-~-~~- -,,._~-•-~---+->-+--+-~-~~~ 1 -~ --~ - . ~- - -+-~►~-~♦-~4~--+-+-' 
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1,...-----:-L=Ec=E=NI>.-----, 
l NODE 138 

~ffSS TCN ESc;::;NT ST.;GE 
C<"IJ'i ( +X ) ORIEJ-IT.WI ,r 
- --.. ·--
. _- ~ ·.• 

I Blast Deflector 
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- - -+-+-➔--t-➔-+-l-+-+-+--~ +--+---+-+-, ..... -. ........ -+-...-1 ·-t -4-+-t-·+-t --t- +-lf-+-+ --t-+-t--l-+-++--t--;~ I : I 
t--1►--t·-t--t - ....... -. ...... -+-t- >- -+--+-+-lf-+-t-➔-+--1►- ~ p,-- - t - ►- -- - • - • - -·t-t-1-+--t--t -•t--i,-.-t--+--t- ,! l i 

"'· 

....... --T-t--+--1r-T---r--♦- ---- -- --+--t --+-o--t-...-1- +-➔-t--+ -t---t ~ - ~ •- ~ -•--~ •-+-~-• - 1-4-+-+-+·--r=-~
+-➔---+-+-+-lr-t- t-lf-+-++-t-+· t--1f-+·-+-+-+-t--lr-t- --~ - +-·t-<► --t--t-➔-+-...-. - ,-. ·- t--+-+--t---t 

t--lf-+-t-+-+--t-1-+-➔- - ,_ ,_ -1- - -+---+--►--t-+-+-+--+ --lf-+--t--t-+-t--t-+--+-+-+-lf-+-4·➔ - - t ~-- t - - •-
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1,---.-L=EG=E"""'ND=-----, 
A NODE 10 

D MISS I C DF.SC:::::~ STAGF 
HOT A O?IE ~A:'ICN 

IJ a: ::, .,_ 
◄ a: 
IJ 
CL 

5 .,_ 

L 
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•11. I T t r·-
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LE~NO 
.. - " 

MISSION D:F:SCF.3T STAGE 
COL,•( ... v) ORIENT ·\ T TQ '{ 

& NOOE uo 
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r,- '---,-===-----, 
LEGEND 

MISSIO . DESCT~ STAGE 
J-i T A CRIT~!TP_TIQN 7 
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~ .... 
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5 
~ .... 
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l NOOE 167 
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lJ ... 
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LEGEND 

D ?-HSSIC: D~SCE;:T TAGE 
COL1 +X) C?T?~. ,:.'l'IC' ~T 
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l NODE 167 

+2i Tank S_kin 
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1,..-----L=Ec=E=No~---, 
A NODE 169 

D MI SSION DESCTJI' STAGE 
HOT A OR I ENTA7 F '~ 7 

1-g Taruc Skin 
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