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This ATM presents cask cooling performance that was derived from the 
ALSEP Cask Assembly (ACA) thermal qualification final test results, the 
Apollo 10 count down demonstration test (CDDT), an Apollo 12 ECS flow test, 
the Apollo 12 CDDT, and the Apollo 12 count down. By using these results, 
subsequent cask cooling performance for upcoming Apollo flights can be pre
dicted based on the nominal range of KSC pre-launch conditions. 
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1. 0 INTRODUCTION 

References 1 through 3 presented Apollo 12 expected cask cooling per
formance based upon the ALSEP Cask Assembly (ACA) thermal qualification final 
test results, the Apollo 10 count down demonstration test (CDDT), an Apollo 
12 ECS flow test, and the Apollo 12 CDDT. The purpose of this memorandum is 
to include all previous cask cooling test data including that of Apollo 12 
count down and to present tabular and graphical results which will allow 
future cask cooling performance to be predicted based on the expected range 
of KSC pre-launch conditions. 

2.0 SUMMARY 

The over-all cask cooling performance during the Apollo 12 count down 
was excellent. Cask sensor and surface temperatures obtained during the 
CDDT and launch yielded ACA sensor temperatures of approximately 150°F and 
external cask surface temperatures below 195°F. The 195°F cask surface 
temperature was well below the design operational temperature of 350°F 
established for the cask cooling system. 

3.0 DISCUSSION 

As was pointed out in Reference 2, the Apollo 12 CDDT ECS flowrate to 
the cask cooling nozzle was approximately 10 percent higher than had been 
expected from previous data. In addition, cask cooling air supply tempera
tures ran lower than those predicted earlier. Flow conditions that existed 
during the Apollo 12 flow test, CDDT, and the Apollo 12 count down resulted 
in improved cask cooling nozzle performance over that of the Apollo 10 CDDT 
as reflected in Figure 1 which illustrates the RTG nozzle pressure as a 
function of I.U. manifold inlet air flowrate. Using the improved flow con
ditions and resulting data of the Apollo 12 flow test, CDDT, and the Apollo 
12 count down it was possible to widen the cask external surface and band 
sensor temperature envelopes which include effects of I.U. supply compartment 
ambient temperatures as low as 62 and 69°f, respectively (Figures 2 and 3). 
More specifically, cask external surface and band sensor temperatures given 
in Figures 2 and 3 are presented as functions of RTG nozzle inlet pressure 
(0.1 - 0.65 psig), manifold inlet total mass flowrate (110-260 lb/min), cask 
cooling air mass flowrate (14- 34 lb/min), I.U. supply temperature 
( 62 -1 30°F) , and I. U. compartment ambient temperature ( 68 ..: 80°F) • All cask 
external surface and sensor temperatures of Figures 2 and 3 were based upon 
steady state conditions whereas Figures 4 and 5 present transient data that 
was recorded during the Apollo 12 CDDT and the Apollo 12 count down. 

Figure 4 shows ACA sensor warm-up curves which reflect data recorded 
during the Apollo 12 CDDT and the Apollo 12 count down. The apollo 12 CDDT 
data shows that a sensor steady state temperature of 157°F was reached after 
approximately two hours from the time of capsule insertion. During the two
hour warm-up period, an ECS flowrate of 200 lb/min was supplied at a temper
ature of 60°F with the I.U. compartment temperature being 68°F. 
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For the Apollo 12 count down, the ECS flowrate was varied as a function 
of time as depicted in Figure 4. The major ECS flowrate change from 150 to 
200 lb/min occurred at 69 minutes after capsule insertion, with a further 
increase in flowrate to 210 lb/min being made at 86 minutes after capsule 
insertion. With an ECS flowrate of 210 lb/min, the ACA sensor temperature 
varied between temperatures of 148 and 154°F for the time period between 86 
and 187 minutes after capsule insertion. 

Figure 5 results cover the two-hour cask warm-up period of the Apollo 
12 CDDT. In addition to the sensor temperature response, a warm-up curve 
for the cask external surface is included which shows that the predicted 
steady state temperature of the surface was 195°F. 

Depicted in Figure 6 are cask surface and sensor transient temperature 
responses that can be expected with the removal of forced cooling ai~ or 
gaseous nitrogen from the cask assembly. The cask external surface maximum 
temperature of 623°F and the sensor maximum temperature of 524°F were re
corded under free convection equilibrium conditions during the Bendix ALSEP/ 
Cask/LM thermal qualification test. The minimum autoignition temperature of 
monomethyl hydrazine (MMH) propellant in air, in a 4% oxygen atmosphere, and 
in a 0.5% oxygen atmosphere are shown in Figure 6. The time for the cask 
external surface to reach the 380°F minimum autoignition temperature for MMH 
in air is approximately 4! minutes after the removal of the forced cask cool
ing purge. For a 4% oxygen concentration or less, the cask external surface 
temperature will stabilize at approximately 625°F which is below the auto
ignition temperature of MMH in the 4% 02 atmosphere. 

Data of Figure 8, recorded during the Apollo 12 CDDT, depicts the ACA 
sensor cooldown history that resulted when the fuel capsule was removed from 
the cask. At the time of removal, the I.U. mass flowrate was 150 lb/min at 
a supply temperature of less than 500p as shown in Figure 9. 

A summary of Apollo 12 CDDT results and series of events is listed 
graphically in Figures 9 through 11 and tabularly in Table 1. Plots of the 
cask cooling nozzle flowrate and nozzle outlet velocity as a function of 
nozzle pressure gradient are given in Figures 12 and 13. Actual recordings 
and significant events that occurred during the Apollo 12 CDDT and the 
Apollo 12 count down are given in Tables 2 and 3, respectively. 

REFERENCES 
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Cask Cooling CDDT," 6 November 1969. 

(3) Butts, D., Bendix Aerospace ll1 69-210-223, "Cask Cooling Performance 
Predictions for Apollo 12," 11 November 1969. 
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ACA/Cask Cooling Results from Apollo 12 CDDT and Launch C/D 
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Call Letter• RUBM CECS KIL-l 

ForReadoutDal.~----~~~~~7~-~273~32~--------~~~7~-~8~2~7~7-=---+~7;-~4~56~2~~~--~----~~~-=~-=------~~~~~----~~7;-~80~6~5~----4 
Countdown EST 

1-.!:R"'T~G~N;;!o!!z!!zl~e:..,.!P~r;,:•~•:.:•~u~r;:e-----J ECS Flow Temp ECS Flow Comp. Temp. (IU) Duct Temp. o/o Reheat ACA Sen•or 
IU TM Hard Line 12CIO 2A21 C!36 . 12Al3 8Z75T 

Down 

' - 15:00 __ _ 

14:4Z 

14:Z7 
13:56 

IZ:OO 
9:10 
9:,00 

!O/Z8/69 
9:00 
9:00 
9:00 
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7:30 
6:30 
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COUNTDOWN FOR APOLLO 12/LM-6 13 NOVEMBER 1969 
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I 
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126 
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Z4 
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Z4 

Z4 
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66 
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64 
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