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Abstract — This study is investigated the cooling characteristics of the TMA clathrate compound including
TMA (Tri-methyl-amine, (CH;);N) of 20~25 wt% as a low temperature storage material at —5°C heat source.
The results showed that as the concentration of TMA is increased, phase change temperature and specific
heat are increased, but the supercooling and retention time of liquid phase are decreased. Especially, low
temperature storage material containing TMA 25 wt% has the average of phase change temperature of 5.8°C,
supercooling of 8.0°C, retention time of liquid phase for 10 minutes and specific heat of 4.099 ki/kg°C in the
cooling process. From the results of this study, TMA clathrate compound showed higher phase change tem-
perature than water and supercooling repression effect.

Key words: Low temperature storage material, Clathrate compound, Cooling characteristic, Phase change
temperature, Supercooling, Specific heat
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Table 1. Thermal properties of TMA ((CH,);N) clath-
rate compound”.

Epoxy
Silicon

Capittary tube

31

Boiling pt. [°C] 29 Cooling tower
Ideal properties Freezing pt. [°C] -117.2

Hydrate number 11
Critical Temp. [°C] 5.3
decomposition Pressure [kPa] -

Temp. [°C] 160.2

Critical properties Pressure [kPa] 4090.0
Specific volume [m'kg] 0.00429
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Fig. 1. Schematic diagram of the experimental ap-
paratus.

Table 2. Specifications of experimental apparatus.

Items Specifications
Refrigerator 10R/T
Test chamber acrylic resin,
720 mmx520 mmx390 mm
(widthxlengthxheight)
Constant temp.  LTD : VS-190CS
bath (Range : —20°C~200°C,

Accuracy : + 0.01C)
Circulation LG PW-K132M (90 //min)
pump
Data acquisition DAI100

system (Yokogawa Electric Co.
measurement accuracy;
+0.5% of range)
Thermocouple K-type

Omega Engineering, INC.
©0.24 mm, Range : —200~300°C

Table 3. Experimental conditions.

Items Conditions
Heat source -5°C
Test chamber 1461
Bottle capacity 50 mi

Pyrex test tube
Mass of test material
Test times

Test material

46 mmx88 mm (diameterxheight)
60 g (D=41 mm, H=65 mm)

50 times

Pure water TMA 20~25 wt%

Table 29} Table 3¢l A2]&}ic}. slo]e A (Pyrex) B Al
Ex K-type AN E A=l 7L 72141717 A8t
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Fig. 2. Cooling curves of TMA clathrate compounds.
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Table 4. Cooling characteristics of TMA clathrate
compounds.

TMA Cooling characteristics
concentration (wt%) t, (min) T, (°C) AT (°C)
20 103 5.4+0.082 10.2+0.095
21 70 5.6+£0.054 10.3+0.125
22 64  5.6+0.022 10.5x0.077
23 39 5.7+0.172  9.7+0.892
24 36 5.7+0.119  9.3x0.876
25 10 5.8+0.033 8.0+0.388
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Fig. 3. Phase change temperature (Tp) of TMA clath-
rate compounds.
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Fig. 4. Supercooling (AT) of TMA clathrate com-
pounds.
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Fig. 5. Distributions of supercooling (AT) and reten-
tion time of liquid phase (t).
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Table 5. Specific heat of TMA clathrate compounds.

TMA concentration (wt%) At /At, ¢, (kI/kg®C)
20 0968  4.053+0.074
21 0972  4.067+0.048
22 0.973 4.071+0.071
23 0.977 4.088+0.052
24 0978  4.095+0.035
25 0.979  4.099+0.031
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Fig. 6. Specific heat (cp,) of TMA clathrate com-
pounds.
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