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a flux density of 2 w/in, 2 (0.31 w/cm2 ). The first prototype panel constructed 

met mechanical constraints but did not meet the des ign goal thermal gradient. 

However, modifications indicated by performance of the first panel were suc­

cessfully integrated into the sl"'!cond panel; all design goals were met. Measured 

gradients were 10 ° to 15° F (5. 55 ° to 8.33 OK). Ultimate capacity of the panel 

is approximately 1 kilowattat.6.T= 20°F (ll.lOOK) and 2w/in.2 (0.31 w/cm2 ). 

Panel weight is less than 20 Ib (9.08 kg), and the panel will accept 100 Ib 

(45.4 kg) of equipment with a 8g acceleration factor, 
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Section 2 

DESIGN APPROACH 

Several key features were identified in developing a thermal conditioning panel 

for spacecraft. An optimum design will satisfy thermal requirements of panel 

conductance arrd heat transport capacity while maintaining satisfactory mechanical 

strength, low weight, high reliability, and low fabrication cost. All factors 

were considered in the panel design. Figure 2. 1 shows the thermal conditioning 

panel in an installation with mounted equipment modules and a heat exchanger 

attached along one edge. 

To establish specific system constraints for panel design and mounting, and 

definition of general and detail specifications, equipment cooling requirements 

for a number of future NASA spacecraft were surveyed. Included in the study 

were Space Shuttle, Space Station, Space Tug, RAM, and SOAR. 

2. 1 SPACE SHUTTLE 

The space shuttle is a transportation system for carrying personnel, cargo, 

and scientific payloads to and from low earth orbit. 

The orbiter avionics system implements guidance and navigation, flight controls, 

data management, comrnunications and navaids, avionics displays and controls, 

and software functions. A coolant fluid loop is required to absorb heat generated 

by a sign,ificant number of these electronic components, therefore requiring 

cold plates and/or cold rails. Components mounting on temperature controlled 

surfaces is similar to the methods used on previous space vehicles and aircraft. 

2.2 SPACE STATION 

NASA's space station program is designed to support earth surveys and the 

sciences of astronomy, astrophysics, biomedicine, biology, and space physics, 

as well as developing technology for space systems and operations. The space 

3 





module is 1. 77 w / in. 2 (0. 28 w / cm
2

). If each book-like module were backed by 

a heat pipe thermal panel, a higher basic-module power density can be tolerated 

without exceeding critical centerline temperatures. 

2.3 SPACE TUG 

The space tug is the third stage of NASA's space shuttle vehicle and is designed 

to be delive red to low earth orbit in the shuttle payload bay. It will either 

deploy or retrieve earth orbiting payloads. Space tug is a highly efficient stage 

compatible with the shuttle orbiter and a variety of payloads and mission 

requiremen ts. The space tug/ space shuttle cornprise the space transportation 

system (STS). 

The principal source of heat which must be accommodated by the thermal 

control system for space tug is the fuel cell. The present baseline utilizes a 

radiator / condenser concept with pumped-loop distribution. Five sq it (0.46 m 2 ) 

of radiator are required to provide coolant at 115° ±15°F (319° ±8. 33°K) at the 

inlet to the fuel cells. 

2.4 RESEARCH AND APPLICATION MODULES (RAM) 

The research and application module system is a family of payload carrie I' 

modules that can be delivered to and retrieved from earth orbit by the space 

shuttle. RAM payload carriers will be capable of supporting diverse 

technological and scientific investigations and practical applications, primarily 

in areas requiring personnel participation for orbital performance, calibration, 

servicing, and updating. The experiment, mission, and programmatic require­

ments led to the evolution of three basic RAM system elements: pressurized 

RAMs, unpressurized RAMs, and free-flying RAMs. The overall objective 

of the RAM project is to provide versatile and economical payload carriers as 

laboratory and observatory facilities to compliment and supplement the space 

station and space shuttle in earth orbital research and applications activity. 

2. 5 SOAR 

The shuttle orbital applications and requirements (SOAR) definition study 

identified shuttle mission applications, with emphasis on interface and design 

accomm.odation analyses for a representative range of shuttle-com.patible 

payloads. The applications include a payload that remains attached to the 
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shuttle payload bay througho:'lt the mission. During the in-orbit phase, with 

the payload bay doors opep., the shuttle radiator is deployed and the payload 

is operating. There is negligible heat exchange between the shuttle and payload 

structure. The heat to be controlled and dissipated is the heat generated by 

the operating equipmen in the payload. The payloads have heat loads proportional 

to the power each dissipates. The majority of the heat generated is rejected 

to the coldplates incorporated in the payload thermal control system. Potential 

thermal condi tioning panel applications have been identified for pallet payloads 

and manned support modules (MSM). A coldplate thermal load totaling approx­

imately 1300 watts is representative of the majority of the identified SOAR 

missions. 

2.6 SUMMARY OF COLD PLATE REQUIREMENTS 

Equipment cooling and mounting requirements for shuttle orbiter, space station, 

RAM, SOAR, and space tug have been identified and categorizzd. Representative 

panel load and sizing requirements for these applications are summarized in 

Table 2-1. Of these requirements, those for the shuttle orbiter are the most 

readily defined, the depth of design being most complete on this vehicle. The 

requirements established for shuttle are based on the MDAC design; however, 

these should be representative of the selected NAR design. 

Table 2-1 

THERMAL CONDITIONING PANEL SIZING REQUIREMENTS 

Cold plate 
Contact Area Thermal Ther;P2al Elux No., Panel Size 

Application (in.2 ) (m2 ) Load (w) (wI in.-) (wi cm 2 ) Panels (m.) (m) 

Shuttle 
Orbiter 260 (1.68) 269 1.0 (0. 16) 17x 17 (0.43 x O. "Ul 

1569 (10.1) 1285 0.82 (0.13) 5 18 x 18 (0.46xO.461 

199 (1.28) 132 0.66 (0. 10) 1 15 x 15 (0.38xO.:38) 

RAM 9504 (61. 3) 7226 O. 76 (0.12 ) 25 20 x 20 (0.51xO.51) 

SOAR 1807 (11. 7) 1288 0.71 (0.11) 5 19 x 19 (0.48xQ.48) 

Space Tug 144 (0.93 ) 290 2.01 (0.31 ) 1 8x 8 (0.20 x 0,20) 

Space 
Station 11 (0.07) 20 1. 81 (0.28) Qx1.25 (0.23xO.03) 
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