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Ice Storage System with Oil-Water Mixture
(2nd Report, Discussion on Influence of Additive on Ice Formation Process)

Koji MATSUMOTO*, Yasuo SHIOKAWA, Masashi OKADA,
Tetsuo KAWAGOE, Chaedong KANG and Yoshio HIRASAWA

* Chuo University, Dept. of Precision Mechanics, 1-13-27 Kasuga, Bunkyo-ku, Tokyo, 112-8551 Japan

/ An ice storage is one of the ways of effective use of thermal energy. So, studies on a slush ice
as thermal storage material have been done. We have also been studying on a suspension (slush ice)
made of oil-water mixture with cooling and stirring. From our study result, it was found that a kind

~of additive having amino group (-NH,) and silanol group (-SiOH) was essential to make the
suspension with high IPF without adhesion of ice to a cooling wall. Moreover, formed ices in the
suspension were dispersed and granular state and ices did not stick each other. In the present paper,
we carried out experiments to clarify the characteristics of the suspension formation process. From
the experimental results, it was found that the substance in the suspension was not ice but a
compound consisting of ice and additive by a thermal analysis of fusion of the substance. Then, at
very small depression of solidification point (about 7°C) all water of the mixture could be solidified
by using the additive.

Key Words: Ice Storage System, New Thermal Storage Material, Suspension with High IPF,
Additive, Ice formation process, Hydrogen Bond
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Thermostatic Water Bath

Silicone oil - Water Mixture

Fig.1 Experimental apparatus
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Fig.2 Relationship between concentration and
solidification temperature

Tablel Amount of formed ice

| Temp. | Separated | Separated | Recovery
(©) liquid (g) | ice (g) rate(%)
water=394 | ice=29 97.9
1.3 other=5.8 | other=28
: water=395 | ice=30 99.1
other=9.7 | other=28
water=257 | ice=160 98.7
-1.5 |other=2.9 | other=40.5
water=257 | ice=156 97.4
other=2.9 | other=38.6
water=222 | ice=188 99.1
1.7 other=4.8 | other=47.3
i water=220 | ice=198 98.7
other=1.9 | other=40.5
water=193 | ice=223 97.4
1.9 other=38.6
: water=192 | ice=225 96.6
other=33.8
water=95 | ice=305 95.1
95 other=43.4
: water=106 | ice=306 99.6
other=42.5
water=58 | ice=353 95.9
3.0 other=36.7
: water=59 | ice=345 95.5
other=41.5
water=34 | ice=375 97.6
4.0 other=46.3
: water=24 | ice=393 97.2
other=36.7
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Fig.3 Comparison of present value with water-
additive solidus curve
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Fig.4 Measurement result of concentration
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Fig.5 Comparison of mass of formed compound with
that of ice calculated by solidus curve
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Table 2 Latent heat of fusion 100 case wwl water froze (86.8%) '
No. 1 2 3 4 5 average | 80+ P |
L (kJ/kg) | 246.1 | 273.7 | 237.8 | 240.3 | 234.8 246.5 - | ° |
o °
X 60 :
E I o water(405g)
15 . . . : ~ 40 . oil (43.4g) -
[ ' ' ' ] | e additive(16.9g) |
% | total amount of . total=465.3g
S | additive:16.9(g) 20+ 4
2z . L just after dissolution of
= 10+ - ¢<—" “super-gooling (-1.3)
= 0 : . . .
'g [ o -1 -2 -3 -4 -5
o | Temperarure (C)
- L
= S+ ° _
g L L4 Fig.8 Temperature-variation of IPF of suspension
. _
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I / super-cooling(-1.3C) ]
0—o= L . 1 . i .
-1 -2 -3 -4 -5 I I ¢ measurement value ' ]
Temperature (V) b 102 —— Least square approximation
Fig.6 Variation in amount of additive attached to /§ o case where all water froze-]
ice with solidification ; L ]
- L
S ol
10} 3
= k|
g F 7
5 [
| Total amount of water (405 g)
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Fig.7 Suspension with high IPF at T=-7.1C
(using PMP beaker with y -aminopropyl-
trimethoxysilane )
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Fig.9 Variation in amount of water with
solidification
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