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PREFACE 

This document is the Executive Summary Report submitted 

by the Donald W. Douglas Laboratories, Richland, Washington 

under Contract NAS8-28639 (DCN 1-2-50-23615) and covers 

the period 28 June 1972 to 12 August 1973. 

This program was monitored by the National Aeronautics 

and Space Administration l s Marshall Space Flight Center, 

Huntsville, Alabama. 
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several planned NASA space vehicles, in terms of panel size, capacity, 

temperature gradients, and integration with various heat exchangers and 

electronic components. 

The practicability of a heat pipe thermal conditioning panel was conclusively 

shown. With the final heat pipe thermal conditioning panel, all program goals 

for thermal efficiency and heat transport capacity were met or exceeded. 
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Section 2 

APPLICATIONS STUDY 

To establish system constraints for panel design and defining the general and 

detail specifications, equipment cooling requirements for a number of future 

NASA spacecraft were surveyed. Included in the study were Spa:e Shuttle, 

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

The panel sizing requirements shown in Table 2-1 are based on equipment 

dimensions and a maximum power load of 300 watts per panel. The majority 

of thermal control requirements can be satisfied by a flat square panel configura­

tion. One exception is the space station, which is currently using as base -line 

a book-like module concept. Consequently, the panel design evolving from this 

current study may not satisfy this application without modification. 

Table 2-1 

THERMAL C ONDITIONING PANEL SIZING REQUIREMENTS 

Cold plate 
Contact Area Thermal Ther;F,a1 El!Jx No. Panel Size 

Application (in.'l ) (m'l ) Load (w) (wi in.-) (wi cm'l) Panels (m. ) (m) 

Shl1ttle 
Orbiter 260 (1.68) 269 1.0 (0. 16) 17 x 17 (0.43xO.43) 

1569 (10. 1) 1285 0.82 (0.13 ) 5 18 x 18 (0.46 x 0.46) 

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

RAM 9504 (61. 3) 7226 0.76 (0. 12) 25 20x 20 (0.51xO.51) 

SOAR 1807 (11.7) 1288 0.71 (0.11) 5 19 x 19 (0. 48x 0.48) 

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.SI' (0.28) 9x 1. 25 (0. 23xO. 03) 
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Table 3-1 

THERMAL PANEL GENERAL SPECIFICATIONS 

Size of Panel 

Thermal Load 

Mounting Boxe s 
Max. Density 
Max. Total per Panel 

Mounting Surface 
Temperature 

Temperature Gradient 

Acros s load areas 
Between panel surface 
points at source and sink 

Available Sink Temperature 

Bolt Pattern 

Component NIas s 

Original 
Specifica tion 

30 x 30 in. 
(0. 76 x 0.76 m) 

10 w 2 2 
5 w/in. (0.78 w/cm ) 
300 w 

32 ° to 77° F 
(273° to 298°K) 

5° F (2. 77°K) 

15°F (8.33°K) 

32° to 70° F 
(273° to 294°K) 

4 x 4 in. 
(0.10 x 0.10 m) centers 

100 lb 
(45.4 kg) max 
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Application Study 
Recommendation 

30x30in. 
(0. 76 x o. 76 m) 

lOw, 2 2 
2 w/m. (0.31 w/ cm ) 
300 w 

32 ° to 85 ° F 
(273° to 303°K) 

SO F (2. 77°K) 

15°F (8.33°K) 

32 ° to 85 ° F 
(273° to 303°K) 

Adaptable 

100 lb (45.4 kg) max· 
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Section 4 

DESIGN CONCEPTS 

Several de signs were considered before a choice was made on a configuration 

that embodied the most favorable compromise between low weight, cost, high 

thermal performance, and reliability. 

4. 1 PRE LIM INA R Y CONCEPTS 

Three conceptual approaches to meet the design specifications are shown in 

Figures 4-1, 4-2, and 4-3. The first (Figure 4"71) is a vapor chamber which, 

for unmanned locations, can be ammonia/aluminum; fO'r manned areas, Freon/ 

aluminum, water / copper, or pos s ibly water /titanium are candidate sys tems. 

Vapor chamber designs result in maximum thermal performance but tend to be 

heavy, with difficulties in integrating fasteners, and unreliable because a single 

puncture or leak causes failure. 

Figure 4-2 shows a design using interlinked U-shaped heat pipes surrounded by 

aluminunl honeycomb. The honeycomb segments provide rigidity, at low weight 

penalty; honeycomb has an excellent strength-to-weight ratio. Front and back 

faceplates are alurninum sheet. Ammonia/aluminum can be used for unmanned 

areas and Freon/aluminum in manned areas. There is, however, some question 

as to whether water / copper or water / titanium can be readily integrated into an 

aluminum structure primarily because of varying thermai coefficients of expansion 

and the bond cure temperatures required. Thermal performance for this system 

is somewhat lower than a vapor chamber, but more than adequate for the applica­

tions cons ide red. Redundancy of the pipes provides high reliability and a number 

of fastener designs and attachment techniques are possible . 

A waffle pattern design is shown in Figure 4-3. This system meets specification 

requirements and allows maximum flexibility in fastener location, because holes 

can be drilled wherever the front and back face s are bonded together. Because 

the bonded area is larger than in Figure 4-2, the epoxy bond stresses are lower. 

However, location of the heat pipe pattern is much more restrictive, and component 
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