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Growth of Ice Crystal with Concentration of Surfactant in Water Solution
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Abstract

Recently, a thermal energy storage system has been developed actively for the purpose of saving
energy and reducing the peak electrical demand. Especially, ice slurry is a promising working fluid
for low temperature energy storage systems. A flow of ice crystals has a large cooling capacity as a
result of the involvement of latent heat. However, there are still problems related to the
recrystallization of ice crystals for realizing long term storage and long distance transportation. To
find improvements for this, a method for the creation of ice crystals resistant to recrystallization
has been proposed and researched by the use of an antifreeze protein (AFP) solution etc.

In the present study, it has been investigated the growth of ice crystal in several kinds of water
solution added non-ionic surfactant. The results shows that size of ice crystal was smaller with
increasing in added surfactant. And ice crystal was not increased with added surfactant.
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Table 1 Properties of water solutions.

Solute Chemical ~ Molecular 4 T4[K]at
formula weight 1.7mass%
Potassium
CH,COOK  98.14 0.66
Acetate
Propylene C3HgO 76.10 0.40
Glycol se2 6 ’
Sodium NaCl 58.44 1.10
Chloride & : o
0 (]
Il Il
R-C~-0-CH-CH-0-C-R (¢}

[ I 1l

CH, CH-CH-CH,-0-C-R

N/
o

0 -~ (CH,CH,0)yH

Fig. 1 Molecular structure of surfactant.
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Table 2 Shear velocity and specification of test

beakers
Inner diameter of
beaker dgp [mm] 50 50 55
Diameter of stirrer
24 24 34
d,, [mm]
d/dpg 0.48 0.48 0.62
Number of rotation
15 20 20
n, (8]
Shear velocity 0.21 0.28 o4
. . 41
Ugor /5]
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Fig.2 Schematic diagram of experimental apparatus.

exzFAz FAET ALYz E =Y 271
400 x 500 X 350mm°] i, -35ColM Fe7tA £1T
Hele A 2% FAHEE A Aot
ALY &ﬂH yh4Hagderge 5
45mass%Ql BAZe F 84S A8

Table 2] &= 2 A Z o] ALE3 A8 &7 9 wwt
719 AteF 2 A E dEr e

ANBegdo 22 23357 2 0.3mm

[«

1

T8 2A0E 45 AP LN ARFed &
o AQaged, @A A7t AdFE F
B2 el g bl dol, B 4gel e AdS
g9 eESAA Y ARSI AR SH
£ ygstac.

2 Ago] Bojzby] Aol 3EF AVLAA

wekdl 3ag 23w o
FAGE AL BT+ 9
Sgdon e AN Y A
e R R ERE
g erol @A AREYA
g EHE B
2 AZET B 2
AR ES 9H 8
ol AA A

gl Ao AAA L HrE o HH-AA B
AAW d 5 AEEAE, ol 4 3)F 2ol
PoEt 74, di .= 44 F7olx, N
& AR YA Aol

ATy = Ts—Ty 1)

ATy = Tp—T, (2)
— Z(diceaxN)

dm32 - _Z(dicesz) (3)

4, Nz % DF

4,1 AMHEgMR e s FEEo e
24_2_ |.o‘ A-ixl-j-|5

Fig. 3& % C,=1.Tmass%?l 2L E(PA)

g ABREAS HABE C, & Oppmel
A 5000ppm7tA| AEA T HA A eGezoA
Wzt WA EA WAL FABA 243
ol NEeg gho EASE WAHS YA
2% Ued otk Agzde AgS
== usol=0.21~0.41m/s°]_1‘, Hghel o]
AT,k—loKO] t}.
ro] AWBAA S BrbEE
£ <l /lg/ﬁ
o

o

23]
-

[

L
X
o
m“

N
N
>

2 2 % 8 o -
3

of
1o
e
P oE
(WA ih
vy
1o g
de o ofN

ﬂlhl
L
e W

+
o

jinA
)

o2
of oX

]
3 oy ©

N2

X
L of
e S
o (I
2
N
s
o
ok
iih)

o,
. o Hl
o2
o Dy O N o

o il
oz
£ oo
o
JB
<)

2
o flo oXx
2,
ol =
=
ol
ol
N

i
o

£
e,

e,

o
TER=3

N
M
o 2

/A
)
dlo =2 B

Y oot g

ox o
2
i

o

N

oL

>

ir

n K
o.?‘.;[‘ﬂo?:
o pgt D o mpl

12
2
o
= ue
2
o
o
fu r
2L
oo
ol
ot

o M
o
X
e
"

fo
-l [+
9

o B 1o
T
2 ol
@2 o
ok
2
o,
o
o
o,
st

2

N Zodr oo R oo 2 odp [
o
s,

i 1o

o
£



ARG A T AR ) YApZA) o v &) = of ) 87
z: b Cour=0ppm Z: E Cour=0ppm :: E Cour=0ppm
2 20 Z 20F Z 20 |
5 F 15 £ 15 F
Lo, | 3 1l
5F 5F 5F
DL [] r%l o .nJ 0 OL rﬂ[f [Jhlrmm ) .
* Cour500ppm & E Cour=500ppm 8 Cyur=500ppm
25 F 2% 2 £ M
2 20 ‘ Z 20F = 20 F ﬂ_
15 15 F rf‘ 15 il
0 fF w0E ﬂr’_n;nw 10 f r]” [
5F £ : :, 5 F :
OL , m; Momm oo z fl!i[%f’ﬁfl | h—rrﬁm s o zﬂm 11
% Cur~ 5000ppm 3°E Cpur=5000ppm % Cs,"=5000pp;‘
25 25 25
Z 20 F 2 20 F 2 20 F W
15 F hﬂ‘”ﬂ'w i 15F 15 F P_FL{\
10F 10F 10 F l l
5 F 5F 5
. ll] i ‘[{[H}ﬂﬂwﬂ-mnl ‘ N ‘ o le!’J IWW e
0.0 05 1.0 1.5 20 25 3.0 0.0 2.0 25 3.0 0.0 0.5 1.0 1.5 2.0 25 3.0
dice [mm] dice [mm] dice [mm]
(a) ue=0.21m/s (b) u,,=0.28m/s () uy=0.41m/s
Fig. 3 Distribution of ice crystal size(Solute : Potassium Acetate, C,=1.7mass%, 4 Tz=1.0K, 4 T;~=1.0K).
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Fig. 4 Change of mean diameter of ice crystal.
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Fig.5 Distribution of ice crystal size in Potassium Acetate solution (Cyi=0.3mol, 4 T=1.0K, 44=1.0K).
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Fig. 6 Distribution of ice crystal size in Propylene Glycol solution (Cy;=0.3mol, 4T;=1.0K, 4 T,=1.0K).
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Fig. 7 Distribution of ice crystal size in Sodium Chloride solution (C,,=0.3mol, 4 Tr=1.0K, 4Tx=1.0K).
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Fig. 8 Change of mean diameter of ice crystal.
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