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Study on Application of High Thermal Conductivity
Materials in Aerospace Thermal Management

LEI Zhibo, CAO Jianguang, DONG Lining, DONG Jian, BI Zhenhan
(Shanghai Institute of Satellite Engineering, Shanghai 200240, China)

Abstract: Recently, the rapid development of spaceflight has put forward higher requirements for thermal management ma-
terials. In order to meet the increasing demand for high thermal conductivity materials in aerospace, thermal conductivity ma-
terials of aerospace need to possess a variety of excellent comprehensive performances, such as high thermal conductivity,
low density and high strength in space environment. This paper reviews the development of high thermal conductivity materi-
als, such as metal matrix composites and carbon matrix composites, based on thermal conductivity mechanism of high ther-
mal conductivity composites. The thermo-physical properties and preparation process of aluminum composites, copper com-
posites, carbon foam and C/C composites are introduced, and the factors affecting their thermal conductivity are also ana-
lyzed. Considering the property and preparation process, the requirement and application of various high thermal conductivity
materials in aerospace thermal management technology are summarized.

Key words: high thermal conductivity materials; composites ; thermal conductivity; coefficient of thermal expansion; aer-

ospace thermal management
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Fig. 1 Thermal properties of thermal management materials'*]
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Table 1

Properties of some traditional and advanced materials with high thermal conductivity"’

High thermal conductivity materials Thermal conductivity/ (W + m™ « K™')  Coefficient of thermal expansion/(x107¢ K™!)

Density/ (g - em™)

Aluminum 218
Copper 400
Cu/Mo/Cu 250~280

Si/C 250
Si/C/Al 150~254
Si/C/Cu 222~320

Natural Graphite 150~500
K-1100 900~ 1100
Diamond 2200
Diamond/Cu 400~ 1200
Diamond/ Al 350~670
Carbon 400
Continuous CFs 700~750

23 2.7
17 8.9
9.0 9.0
3.7 3.2
8~14 2.6~2.8
7~14 6.6
-1.0 2.25
-1.6 2.2
1.0 3.5
4~7 6.0
7~9 3
-1.0 1.9
-0.5 1.8

2.1 ERES&GHH
LI A MR ( metal-matrix composites, MMC) %
WeRRECRIIE R W, REZME SR, BkE &

2 e R AURE B B A T AR AR T S
FORH AR BE A 25 T I, DAHORR A48 a5, BN
TREWWESWE, WHWE Nz, HAET, *ALO,
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Table 2 Heat transfer properties of diamond/metal matrix composites

[16-29]

Highest thermal conductivity/

Garbide forming element Manufacture method (W-m -K) References
B Spark plasma sintering 660 [16]
B Hot pressing sintering 665 [17]
B Pressure infiltration 713 [18]
B Hot pressing sintering 688 [19]
Co Hot pressing sintering 619 [19]
Cr Hot pressing sintering 683 [19]
Cr Pulse plasma sintering 687 [20]
Cr Pulse plasma sintering 658 [21]
Cr Pulse plasma sintering 589 [22]
Mo Pressure infiltration 726 [23]
Mo Pressure infiltration 608 [24]
Si Hot pressing sintering 455 [25]
Ti Hot pressing sintering 683 [19]
T Spark plasma sintering 493 [26]
W Pressure infiltration 910 [27]

Spark plasma sintering 672 [28]
W Hot pressing sintering 695 [29]
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space power system radiators[56]
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