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ABSTRACT

The thermal control device using solid-liquid phase change material (PCM) is
designed, manufactured, and experimented in thermal environment chamber. The
n-Hexadecane is selected as a PCM and its melting point is placed within the
component working temperature range. The PCM container is made of Al6061 and has
the thermal spreading fins inside. To simulate the working condition for on-orbit
satellite the heat pipes are used to connect the heater and radiator and the PCM
thermal control device (PCMTD) is installed at the middle portion of heat pipes. The
thermal buffer mass (TBM), which is same configuration and volume with PCMTD, is
also manufactured to compare the thermal control performance. As a result, the
PCMTD is not only more efficient than TBM in their temperature control features but
both mass and power of compensation heater are reduced.
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(a) Serial connection (previous design)

(b) Parallel connection (new design)

Fig. 3. Thermal networks for
design configurations
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Table 1. Thermophysical properties of materials

Material n-Hexadecane | Al6061

Melting point [°C] 18.0 -

Heat of fusion [kJ/kgl 230 -
S"[ﬁj}ﬂ‘g’ﬂ‘fa‘ 2.208 0.980
Density [kg/m’] 769 770
Thermavlv/cn?rl}g]uctivity 0.147 170.0
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Fig. 4. Prototypes of PCMTD assembly
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Table 2. Mass breakdown of PCMTD/TBM

Prototype | Part No. PCM Total
PCMTD1 130.1g 802.1g
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complete melting case (Q=100W)
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Table 3. Data sheet for complete melting case

Heat Power 100W 120W 140W
Ato, [min] 40 30 25
Aty [min] 70 71 73
At [min] 29 21 17
QPCM (W] 35.1 485 59.9
Trax [C] 30.4 336 36.5
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Table 4. Data sheet for incomplete melting case

Heat Power 100W 120W 140W
Aty [min] 30 22 17
At ot pear [min] 20 21 20
Attt gy Imin] 16 15 15
Tpeagmax [Tl 28.5 316 34.0
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