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ABSTRACT
The National Aeronautics and Space Administration is currently developing technologies for 

-

-

INTRODUCTION

1, much less than the projected 

Applications for a 20 W at 20K 
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One method of reducing power and mass is to optimize the active cooling system for propel-
 and tests4

4 

Previous modeling efforts5

5 this analysis was applied 

Figure 1.
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THERMAL BALANCE APPROACH

Figure 3.

Figure 2. Two cryocooler system with 20 and 90K cooling
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5 showed that there is little sensitivity 

Heat Load on 20K Tank

Qtan  = Qmli,0 + iQpen,0,i + Qconst - Qbac

Qmli,0 = Qmli,0 shield,T0
Qpen,0,i= Qpen,0,i 1,i,T0 ith penetration, from the thermal intercept 

const is the sum of all approximately 
bac  is the heat removed to 

Heat Load on the 20K Cryocooler

Q20 = Qbac + Qman20,supply + Qman20,return + Qsupply20 + Qreturn20

Qman20,supply = iQstrap20,i + Qman20,supply,parasitic

strap20,i = Qstrap20,i(T1,i,Tman20) is the heat conducted 
ith strap from the ith

man20,supply,parasitic is the total parasitic 

-
Qsupply20 and Qreturn20 are the parasitic 

 Heat Load on the 90K Shield

Qshield = Qmli,1 - Qmli,0 

 Qmli,1 = Qmli,1 Tenv,Tshield Tenv
Qmli,0 = Qmli,0 Tshield, T0  

Heat Load on the 90K Cryocooler

Q90 = Qshield + Qman90,supply + Qman90,return + Qsupply90 + Qreturn90

Qman90,supply = iQstrap90,i + Qman90,supply,parasitic

Qstrap90,i= Qstrap90,i T1,i,Tman90
ith strap from the ith penetration to the inlet manifold, and Qman90,supply,parasitic is the 

Qman90,return, Qsupply90 , Qreturn90 
of Qman20,return, Qsupply20, and Qreturn20
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Qstrap = Q1 - Q0 =  T1 - Tman Rstrap

where T0 = Ttank and T2 Rstrap is the thermal resistance 

Q0, Q1, and Qstrap Tman, then if 
Tman TmanÝTman+ Tman

Q'0 = Q0 + (A-L)0 (T0,T1, T  (T1 + T + T0)

Q'1 = Q1 - (
A-L)1 (T1, T,T  (T  - (T0 + T ))

and
Q'strap = Q'1 - Q'0

Rstrap

ASSUMPTIONS

MLI

Quest6 -

7 which was 

8

Figure 4.
0 = T
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C19_068 6Structure and Plumbing
-

this analysis,9

-

structure was performed, no structural insulation was assumed and therefore no associated structural 

-
  

Strap Cooling
While the tank and MLI are cooled by the tube-on-tank or tube-on-shield concept, the tank 

penetrations are not.  To reduce the tank penetration heat, copper cooling straps were included 
to transfer heat from the penetrations to the broad area cooled shield, with an assumed 2.5 cm 
wide strap for each strut and for each 25 cm of tank skirt circumferential length.  The straps in 
the test reduced penetration boil-off by 68% for the tank struts and 64% for the fill and drain line. 
The resultant contact resistance of 5 K/W from the test was integrated into the model.  The cool-

Cryocooler
The cryocooler power and mass were determined from the results of a contracted study with 

  

RESULTS

Heat Loads

CRYOCOOLER INTEGRATION AND APPLICATION LESSONS 562



C19_068

Parameter Assumed Value Basis
Tank Pressure 172 kPa Pump fed engine
Thermal Margin 50% applied to all thermal loads JPL Design Standards

Tank and Structure Mass Approx. 1.2x propellant mass Orbitec contract  (LM sub)9

Insulation Mass
0.08 kg/m2 per layer self-supporting 
MLI

CBRS test

Spray on foam mass 0.9 kg/m2 CBRS test
Broad area cooled shield 
mass

1.2 kg/m2 CBRS test, 5 mil Al foil

Radiator mass
0.021 kg/watt heat rejected; 10% mar-
gin added for structure

CBRS, including cooler 
interface plate

Radiator surface area 0.0013 m2/watt; 10% margin added CBRS test

Solar array mass/area
2.3 kg/m2; 30% contingency added to 
surface area

The New Space Mission 
Analysis and Design10

Solar array specific 
power

48 W/kg; 30% contingency added to 
mass

Tank Ullage 3% of tank volume Prevent tank rupture
Tank Residual 2% of tank volume Inaccessible propellant

Environmental Tempera-
ture

220 K
Representative  temp. of 
Earth and Sun oriented low 
Earth orbits

Heat Rejection Tempera-
ture

T=300 K
Discussions with cryocooler 
vendor, Creare

Table 1.

Tank Diameter 8.3 6 4 2.2 m
MLI 87 30 14 4 W

Structure 21 12 3 .4 W
Plumbing 1 .4 .4 .4 W

 Passive Heat Load 108 43 17 5 W
Heat Load with 50% 

Margin 163 64 26 7 W

Table 2.  Predicted heat loads.

8.3 m 6 m 4 m 2.2 m

2-Stage Mass, kg, SF 3 1362 664 418 285

2-Stage Mass, kg, SF 5, 2 1350 660 414 282

2-Stage Power, W, SF 3 6900 2815 1335 643

2-Stage Power, W SF 5, 2 6126 2550 1210 600

20K Lift, W, SF 3 32.3 13.4 5.5 1.8

20K Lift, W, SF 5, 2 47.9 18.8 7.9 2.5

Table 3.  Mass, power, and 20K lift comparison for MLI scale factor (SF) changes.
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Figure 5.

Figure 6.  Input power vs. tank heat load.

-

MLI Scale Factor Variation
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-

Boil-Off Reduction

 

SUMMARY

ACKNOWLEDGMENT
-

Figure 7.  20K cryocooler lift versus tank heat for the 1-stage and 2-stage cooling concepts.
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