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Abstract: To achieve effective heat dissipation for a space high-power laser diode pumping source array, a

phase change thermal control system has been developed. Key components like thermal interface materials
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('TIM), copper heat sinks, phase-change materials, reinforcing materials, active heaters, and space radia-
tors have been designed and evaluated. Initially, the thermal specifications of the laser diode pumping ar-
ray are outlined, followed by the thermal control design concepts. A detailed design of the thermal control
system was developed, and two thermal control schemes were formulated with and without copper foam
filling. Then, the two different schemes were analyzed using NX software. The first scheme reaches a
peak temperature of 59. 98 “C in 800 s, with the phase-change material surface at 47.12 “C. The second
scheme achieves a maximum temperature of 38. 35°C in 200 s and maintains thermal congruence with the
phase-change temperature after 360 s, meeting the 10-40 °C specification. Consequently, the thermal con-
trol system for the laser diode pumping source is designed and manufactured based on the second scheme,
ensuring efficient heat dissipation.
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Fig.1 Composition of laser diode array system
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Fig.2 Schematic diagram of heat transfer process in

phase-change thermal control system
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Fig. 3 Composition of copper heat sink coated with

grapheme
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Fig. 15 Temperature distribution of LD and heat sink at 20 s
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Fig. 16 Temperature distribution of phase-change materi-
alat 20 s
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Fig. 17 Temperature distribution of LD and heat sink at
100 s
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Assemblyl_feml_sim1:Copy of Copy of Solution 8 Result
Load Case 1.Increment 6, Time=2.000e+002 s
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Temperature distribution of phase-change materi-
al at 100 s

Fig. 18
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Fig. 19 Temperature distribution of LD and heat sink at
200 s
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Fig. 20 Temperature distribution of phase-change materi-
al at 200 s
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Fig. 22 Copper foam placed in red opper heat sink
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Fig. 23 Phase-change thermal control system in process
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Fig. 24 Experimental setup of phase-change thermal con-

trol system
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Tab.3 Each sensor temperature after laser working for 20 s

i E o s i oA

W SR/C OMHESC RESC RE/Y
RS 1 27.88 27.29 0.59 2.1
L A5 2 22.48 21.94 0. 54 2.4
TR 53 18.16 17.69 0.47 2.6
MR A5 4 15.17 14.82 0. 35 2.3
MR S5 15.01 14.69 0.32 2.1
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Tab.4 Each sensor temperature after laser working for 100 s

(S T I vl

W gEL/C BdE/C ME/C O RE/%
Y= 33.38 32.61 0.77 2.3
L A5 2 25.33 24.85 0.48 1.9
iR A5 3 19.76 19.25 0.51 2.6
T3 A5 4 17.68 17.26 0.42 2.4
MG A5 15.05 14. 67 0.38 2.5

x5 HABIIE200sEENAWEE

Tab.5 Each sensor temperature after laser working for 200 s

il R S WEE TR

gEL/C BIR/SC o mE/C E/%
I 1 28. 62 27.93 0.69 2.4
M2 25.84 25.25 0.59 2.3
MEL3  22.29 21.73 0.56 2.5
I 4 18.10 17.70 0.40 2.2
3 A5 5 15.03 14. 67 0.36 2.4
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