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Experimental Study on Heat Dissipation Characteristics of Flat Heat

Pipe with Temperature-Controlled Phase Change Material
Applied to High-Power T/R Module
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Abstract: To ensure the stable operation of T/R components of high-power phased-array anten-
nas for a long time, this paper proposes a thermal management strategy using the phase change
energy storage and flat heat pipe, in which the phase change material and the flat heat pipe play
the roles of heat storage and thermal diffusion, respectively. In this paper, the thermal diffusion
features between the aluminum flat heat pipe and the aluminum alloy plate are compared, and
their thermal management performance resulting from the combination with phase change materi-
als are experimentally investigated. The experimental results show that the aluminum flat heat
pipe depicts much better heat transfer performance than the same-size aluminum alloy plate, since
the maximum temperature difference at the condensing side is 3.2 °C at 40 W and the equivalent

thermal resistance can be maintained below 0. 35 K/W. When the heat source is shifted to the

WeRE H . 2021-12-17,  MEERIA . (TIRA 1998 B . L4 EB CGEEEE) . BBl HR., HEeTH. EFRHES
B % i %7 B B (2020 YFA0710500)
[P0 £ BRI T] . 2022-03-12 W 4% HY B AE : http: // kns. enki. net/kems/detail/61. 1069, T. 20220310, 1819. 008. html



%563

IR ZAS 45 - KT ZE T/ R R 28 i 42 P B 0 B e e 2 2 F 5

143

side, the thermal performance of the flat heat pipe rapidly drops due to the longer vapor diffusion
and liquid reflux paths compared to the case at the middle position. Meanwhile, compared with
the local overheating phenomenon when aluminum alloy is used as the bottom substrate of the
heat storage container, the thermal control design of the flat heat pipe with phase change energy
storage can diffuse the heat from the heat source evenly and reduce the heat flow density thus
demonstrating better temperature uniformity, and then heat is absorbed by means of phase
change energy storage, which can ensure that the junction temperature of the antenna product is
controlled at 70 ‘C when it works continuously for 90 min. For the channel type flat heat pipe
with a high aspect ratio, the capillary structure of the channel needs to be further improved to re-
duce the influence of the difference of vapor diffusion and liquid reflux paths on the thermal diffu-
sion performance.

Keywords: high power antenna products; thermal control design; flat plate heat pipe; phase

change energy storage
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