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Adhesion of Ice Slurry in a Multi-component Aqueous Solution
with Stirring and Cooling
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ABSTRACT: To resist ice adhesion on cooling wall is concerned to continuous ice formation
in thermal storage system. In this study, ice slurries were formed with two ecological
aqueous solution, one is ethanol+silanol and the other is propylene glycol+silanol. By
freezing under stirring the solution of 300 mL in a stainless steel vessel which was immersed
and cooled in a temperature controlled bath, the shape of ice slurry and the strength of ice
adhesion on wall was observed with measuring the temperature and stirring load variation.
As the concentration is smaller and the supercooling degree is larger, the ice adhesion is easy
to occur. When the stirring load is larger than 2.1><10_5W, the ice adhesion occurred.
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Fig. 1 Experimental apparatue for ice formation.
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Table 1 Composition ratio of aqueous solution A Aol Adojxjy] Ao murEH FZA3I
of 1 ml with volume Z7hG W e WREE wA F O AYEEo

Water Ethanol (PG) sCa Asterd AL FRIAG. ZAYH 44 Fd
o T . Fez U e £ 87 & T
eE(87] FAN mwe) ARIA) 2 YA

- . X A=E 492 A% AR B 2] v

g5 12 3 of o8 285E TN HAAFE %/\]_Oll &3

81 16 (16) 3 o »‘i?_-l‘:{:‘ K% dA4dE ol &3tdq 353

I 28FYe uwrld ArtsHe EAEEH A

AN SCA RS J0 vpar o AE2ANglent 3G0R A =2
oz mgule) detel F7e i wnwse o VERE A48she Sxeity Fool 7

ol A bl etk B Aol g oA EEEAAN F ottt 4ud 98

JbA SCAS Sl eFS(E: PG)o] MEE 3437 O K 100} T CCD 74 el e(Olympus - S740, 40
: : 22 AU BHe BIHGLr o2

TR EAY AL WEMD] WA SN g aaags esel AMERA A

B Bvol%]l Awez dABA ALEs o mmsiodnn e° ce

A A AmAA 00mLel 3volgi Ak T T SO A

Q) SCAZ Table 19 24M &S 71X S5

of &3 ve, 204 9Bwisel oga(E: o = :

100 wt% el PGQ)S 2 AME A9 1, 4, 8 12

16(PGE 48 1, 8, 16) vol% i 7k2E Yol &3
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Al dHE T & AdedS FES AR aen pe 9gd ue 2323 G
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AE A TUdE APy TAAA IR Al Z AU 7} Z7babo] wal gde] EHAAELE 7}
WEFA00g) oldeol doid wx FAL APt 235 Hol EAE AUE oz =olx|y] Y8
R S AMFe dxe +£89 54
A H4A902RY de TRe FAHAY
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s FakRATh oluwf Rz g R W dg
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o7 AW Fig. 2 Geometry of liquid drop of solution on
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Table 2 Contact angle of liquid drop of solu-
tion (0.5 mL)
Ethanol PG
1%
vore 9 g ; 0
1 61 37 54.4 54
4 49.2 47.4
8 44.6 475 62.1 63.3
12 425 43.9
16 226 25.8 24.2 255
ot ¥, TR AEFE Frg F4dd 4
A2 YZraAd A Y 9 Fevt
FL Fgdo] ExgozH AWS i 46
¢ A%E 7idEg  sld.
32 528 549
SRS ARAY 2] hiE @AY
AEe F8d SEAHOZRY Asly] Y Hw
o BWwdd 4P ool £89 Frd o
2 4% WiE ZAHsY). Fig. 38 3487 ]
8ol SCA FEE AR FA49 3%z
AAAE © g EE PGe FrEwshol c}m
TAF WgE YEAd F44 WEes 3
AAFYe] % 2% et ow 2ASAL, Fig.
3% go) ¥E7} ¥HA4T BAHo) WelAm
AeS ¢ F Ud. 23 e} o Fddn
3 549 $AIFL & 29 st o 01
T olstel WA A2 BESQY. Fig. 39
A BTt ZESFE Y FEAA PG £49
0 T T T T
——(PG + SCA)
o7 T =ax+bx*
Z ool a=-0.227
c b =-0.00589
'S “e0-- o= 0.0646 |
Q (ethanol + SCA) F1=0.996
a4 T =ax+bx : .
£ a=-0.145 N
N | b=-0.0143
CD—G»— o= 0.149 -
&L | rl=0.998 L
-8 _(EG.[+ N
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x (SCA included) (vol%)

Fig. 3 Relation between the concentration and
the freezing point of three component
aqueous solution.
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Fig. 4 Time variation of temperature and stirr—
ing load to an aqueous solution 'ethanol
4vol%, 4T, =0.4K).
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(a) Ice slurry at 110 min (in Fig. 4)

(b) Ice slurry at 200 min (in Fig. 4)

Fig. 5 Snapshots of ice slurries.
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Fig, 6 Time variation of temperature and stirring load to two cases of ethanol 4vol% aqueous

solutions.
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Fig. 8 Snapshots of ice slurry (ethanol 4 vol%, (AT cthanat=18K, (4T ) p =2.8K).

AT, =4K).
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Fig. 12 Snapshot of ice slurry (ethanol 8 vol%,
AT,,=18K).
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Fig. 13 Snapshot of ice shury (PG 8 vol%, AT,
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