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Temperature Distribution of Leading Thermal Control Structure

WU Hu-lin"?, ZHU Min', ZENG De-chang', DENG Ai-ming

(1.School of Materials Science and Engineering, South China University of Technology, Guangzhou 510640, China;
2.Southwest Technology and Engineering Research Institute, Chongqing 400039, China)

ABSTRACT: Objective To design a leading thermal control structure dedicated primarily to decreasing surface thermal radi-
ation. Methods The effect of thermal insulation materials and ventilation on its flow field and temperature field was investigated
by using FLUENT software when the temperature of heat source was 200 ‘C. The 100 mm thick leading thermal control struc-
ture was prepared by combining 5 mm thick thermal insulation materials with the thermal conductivity of 0.036 W/(m * K) and
Imm thick pure aluminium plates. The temperature of thermal control structure on its outside surface and different altitude
planes with distances of 0 mm, 5 mm, 15 mm, 35 mm, 55 mm,75 mm and 95 mm from that was measured when the temperature
of heat source was 200 ‘C, 300 ‘C and 400 C respectively. Then the test results were compared with those of simulation.
Results Under the condition of without ventilation, the temperature on the outside surface of thermal control structure was
48.1 C, 66.8 C and 87.9 ‘C when the temperature of heat source was 200 ‘C, 300 ‘C and 400 ‘C respectively. With a wind
speed of 5 m/s, the temperature on the outside surface of thermal control structure was 36.5 C, 39.8 ‘Cand 47.4 C when the
temperature of heat source was 200 C, 300 C and 400 C respectively. Conclusion It is indicated that the results of simulation

are basically consistent with the measured values. The influence of thermal radiation on the leading space inside the thermal
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control structure can decrease when height increases. With proper ventilation, the temperature on the outside surface of thermal

control structure and in the leading space can be significantly reduced.

KEY WORDS: leading thermal control structure; finite element analysis; thermal insulation materials; temperature distribution
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Fig.1 Schematic of leading thermal control structure
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Fig.2 The leading thermal control structure
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Tab.1 Parameters of the insulation materials
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Fig.3 Simulation model and mesh
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Tab.2 Parameters of boundary conditions of model
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Fig.4 Temperature testing system of the leading thermal con-
trol structure
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Fig.5 Distribution diagram of the thermocouples
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Fig.7 Temperature field of leading thermal control structure under
the condition of without ventilation (heat source: 200 C)
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Fig.8 Flow field of leading space in the thermal control
structure with a wind speed of 5 m/s (heat source: 200 C)
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Fig.9 Temperature field of leading thermal control structure
with a wind speed of 5 m/s (heat source: 200 C)

N T oA R R T S RS TR PR T,
W T 5 m/s KR TR 200 CHY, ToRRHZ
L AR S 14 5 2 (8] P LA B 3 5[]
apgRshEsN R IEIE Y, AL 10 TR 11,
MIE 10 ATRIE Y, S [ 0 B A8, A
B el RUE N, T Eca R, iR XK v
FEW AR, i s Al B R A Ty, oA B A

magnitude / (m * s™)

May 05,2016
ANSYS FLUENT 12.1 (24, pbns, ske)

K10 5 m/s il KA PF T R 200 °C I 5 2 6
(TCRa#JZ ) B2 i
Fig.10 Flow field of leading space in the thermal control
structure (without thermal insulation layer) with a wind speed
of 5 m/s (heat source: 200 C)
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Contours of static temperature / K
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Fig.11 Temperature field of the leading thermal control
structure (without thermal insulation layer) with a wind speed

of 5 m/s (heat source: 200 C)
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Fig.12 Temperature vibration curve of the same position under different altitude plane (without ventilation)
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Tab.3 The average temperature of different altitude plane (without ventilation) C
, T
P i
0 mm 5 mm 15 mm 35 mm 55 mm 75 mm 95 mm A FTH
200 108.0 78.5 73.9 70.9 69.2 68.1 55.6 48.1
300 155.0 111.0 103.8 99.1 96.0 94.3 74.4 66.8
400 200.7 145.2 135.1 128.7 124.7 122.7 94.8 87.9
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Tab.4 The average temperature of each altitude plane (ventilating) T
‘ R
AT —
0 mm 5 mm 15 mm 35 mm 55 mm 75 mm 95 mm =S
200 77.1 49.6 48.7 45.4 43.7 42.6 42.1 36.5
300 105.7 61.4 60.0 54.8 51.9 50.0 47.8 39.8
400 137.1 74.7 72.9 66.5 61.3 58.5 55.3 47.4
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