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Abstract

This study aims to find out cooling characteristics of TMA(Tri-Methyl-Amine, (CHz)3N)
25wt%-clathrate compound with ethanol(CH3CH,OH) such as supercooling, phase change
temperature and specific heat. For this purpose, ethanol is added as per weight
concentration and cooling experiment is performed at -6~-8T, cooling heat source
temperature, and it leads the following resuit. (1) Phase change temperature is decreased
due to freezing point depression phenomenon. Especially, it is minimized as 3.8TC
according to cooling source temperature in case that 0.5wt% of ethanol is added. (2) If
05wt% of ethanol is added, average supercooling degree is 09T and minimum
supercooling is 0.8, 0.7TC according to cooling heat source temperature. The restraint
effect of supercooling is shown, (3) Specific heat shows tendency to decrease if ethanol
is added. It is 3.013~3.048 kJ/kgK according to cooling heat source temperature if
0.5wt% of ethanol is added. Phase change temperature higher than that of water and
inhibitory effect against supercooling can be confirmed through experimental study on
cooling characteristics of TMA 25wt%-water clathrate compound by adding additive,
ethanol. This can lead to shorten refrigerator operation time of low temperature thermal
storage system and improve COP of refrigerator and efficiency of overall system.
Therefore energy can be saved and efficiency can be improved much more.
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Table 1 Thermal properties of TMA((CH3)3N)
clathrate compound4)

Boiling pt.[C] 29
Ideal Freezing pt.[TC] -1172
properties Hydrate
11
number
Critical Temp.[T] 5.3
decomposition| Pressure[kPa] -
Temp.[TC] 160.2
Critical Pressure[kPa] 4090.0
properties Specific
volumelm3/kg] 0.00429
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Fig. 1 Schematic diagram of the experimental
apparatus.
Table 2 Specifications of experimental
apparatus
Items Specifications
Refrigerator 10R/T
acrylic resin, 720mmx520mm=390mn
Test ch
est chamber (widthxlength~height)
Constant LTD : VS-190CS
temp. (Range : -20C™~2007C,
bath Accuracy @ £0.01C)
Circulation LG PW-K132M
pump (90 L/min)
Data DA100
?. . (Yokogawa Electric Co.
acquisition .
tem measurement accuracy ;
SYS +0.5% of range)
K-type
Thermocouple Omega Engineering, INC.
D0).24mm
Table 3 Experimental conditions
Items Conditions
Heat source -6, -7TC, -8C
Test chamber 146 L
Bottle Capacity 50 mL
46mm*88mm
te
Pyrex test tube (diameterxheight)
Mass of test material| 60g(D=41nn, H=65mm)
Test times 30 times
Test material Pure water
est maten TMA 25 wit%
Additive ethanol 0.1, 0.3, 0.5 wt%
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IMig. 2 Temperature history curve for cool
storage material during a cooling process.

Table 4 Cooling characteristics of TMA
25wt% clathrate compound with ethanol.

Heat Ethanol Cooling Characteristics
source |Concentration| Tr aTr CPm
(T) (wt%) (T) (T)  |(kJ/kgK)
0 55 8.0 3519
% 0.1 54 11.1 3518
0.3 53 83 3.344
05 38 09 3.013
0 53 5.7 3,578
I 0.1 54| 95 | 3677
0.3 5.2 6.1 3.437
0.5 38 0.8 3.028
0 5.1 1.8 3.648
g 0.1 5.1 55 3732
0.3 5.0 2.2 3.492
05 338 0.7 3.048
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Fig. 3 Phase change temperature of TMA
25wt%-water  clathrate  compound  with
ethanol at various cooling heat source
temperature.
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Fig. 4 Supercooling degree of TMA 25wt%-
water clathrate compound with ethanol at
various cooling heat source temperature.
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TFig. 5 Specific heat of TMA 25wt%-water
clathrate compound with ethanol at various
cooling heat source temperature.
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