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A Study on the Effect of Surfactant on the Freezing of Aqueous Solution

Myoung-Jun Kim?

Abstract :

This present study has dealt with the effect of surfactant on the freezing of

aqueous solution. Sodium chloride aqueous solution was used to measure the effect of
surfactant and the main parameters of this experiment were temperature of bath,

revolution of stirrer,
conclusions are as follows;

and the radial velocity of NaCl solution. The acquired main
1) the lower super-cooling temperature make hardly to

attach the ice on beaker, 2) the size of ice become smaller to add the surfactant, 3) the
ice packing factor increase with increasing of stirrer revolution.

Key words : Sodium chloride aqueous solution(43t4EF &), Surfactant(AHE4A),
Ice packing factor(}%#21&), Radial velocity(¥F%8&%), Super cooling(#y
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Table 1 Experimental conditions

Test fluid"

NaCl solution
(100ml, 1.7mass%)

Degree of supercooled of
ice nucleus

ATﬁ :1.0K(ATﬁ ZTﬁ-Tﬁ)
1.0 [K]

Degree of supercooled of
brine in constant
temperature bath(ATx)

1.0, 1.5, 2.0, 5.0 [K]

RPM of stirrer

100, 400

Surfactant

T-81(Polyhydric alcohol)
1000, 2000, 5000 [ppm]

* mean fixed parameters

41 g2x 20| o2 PRl AlZE s}

Fig. 3& &2z B2k

JEAE AT & W

oo Ax vl sl A] A31d 63, 2007. 9/ 695



& IPFe BAE YehliL o ATy = 1K

°] A4 T-819 H7bs=ol #Afle] HHER &

A 8A|7ko) AR T

gy ATy = 1.5(K]J,

BroE 2asA &

A EFE wolA

40

5k

(-

dgol vl W] £
A ke, FEAL F54E FAAT 1
2.
e HdEd ¥4 ?— 1A1ZF ool T-819] A7}
EA4E 4%tk & ATw 7t
ﬁ?ﬂ ol rﬂra} To% o] FFEAL 94 I A

0(K) ¢ 5.0(K]9 A%
Z

=

alp=10[K] aTz=15[K]
#81000(ppm] A1000[ppm]
©3000(ppm] A 5000[ppm]
No A AT=20{K] aTp=50[K]

s

I,

&, fluidity zA [11000[ppm} v EOOO{ppm] e

5 A ©5000[ppm} vV DIOOO{ppm]‘ *

S 2 an .’l.,.oj (]

e .

® ¢ A

£ *

Z * . -]

210 ®

W

=
0 . . . . .
0 100 200 300 400 500 600

42 AmgM L elZy ol AXLZ ol olX|

Time, ¢ [ min ]

Fig. 3 Relationship between ATy and ¢

o
(=]

rr
o

29 e AT, =

HIAE ATy = 1.5(K],

7] B85 400(rpm) sl ABZANA ARS

A ke Btel U PAW A
ZE Uehd Zolth £ 4yelN 428 B2 ¢
A% dues SAUTER®Z #4730l T

NaCl Solution
100[mI](1.7[mass?%])

No Surfactant

Number of ice particle, N
G

at=
4Ty=15[K]

HOTK] W afier 60(min]

0 after 120(min]

1

1.5 2 25

Tee particle diameter, o [ mm ]

Fi

g. 4 Effect of surfactant on the ice particle

diameter distribution(in the case of O[ppm])

696 / sruelx o]

Hehs]a] A3 63, 2007. 9

ol
M

aT;=10[K] M afier 60[min]
ATy=15[K} [ afier 120[min]

NzCl Solution
100fmi)(!.7[mass%])

Surfactant 2000[ppm]

Number of icc particle, N
o

{ce particle diameter, d { mm ]

Fig. 5 Effect of surfactant on the ice particle
diameter distribution(in the case of 2000{ppm])

Fig. 4914 B upol Zro] A3 & 1A[710]
FPe w, WAYe] YA BEE 0.8(mmlE
o AFSL Ao, dae = 1.13(mm]eIH. 24
Zrol A7 Folle= dAA0l W W 2A &
Ztr SEge € F A, EF dwe =

& s wy
1.48[mm]i 27187 Qee & 4 gt = W
1

)

P o Haf 242t
73?%?1 %7} EE} g A JAE S
Aae
Al =

9 AR EE U2 Yk Fig. 4014 ¥
Ze} 7ro] AjZke] ol mpEr YAl FIhst
A Holx ok HF AAAES 1IN FH F
0.85(mm), 2A17F A3 % 1.13(mm]E =t}
Fig. 49 5& vxs] EH, AHGAE Avtst
A%(Fig. 5 #&x)7 #8494 F9 W44 AA7
o] A Vel RO RY ARGAAE g8

34E At RS T UST ¥ F 9

¢

0.

F

# 7/i°l %’io‘)r %é 7o dE2 2= Fig. 19



T2 9L A

o
o 4= el AR olH T AT o
22 Q& dedA FEe] Aol A FT
2E7F FAEA gkot, ofolazH st BHE 4
A RFTE F AT moeErt

Y #AIA=E ATy =
1.O0(K]), ¥2% Eatd #A¥ 7% ATy = 1.5(K]),
HA4E 400(rpm] % 100(rpm]2 2 &
£ o] IPFe] AjZbe) st wWalE veld Aol
o ®EI T-819 HrbEEE 1000(ppm),
5000(ppm]elvt. wHt718 A 7F 400(rpm) <l

AL SANA 247 T2 [PFE 8%94 32%7

A 274512 Uk, vlolA ERGA Lg o] Rl
B8 AAS W £Y F 10T 1 9o
IPF= o 20%3E9th. shaw, autz)e] a4
7b 100(rpm}e} A$E Wae £ 45RY

Hjo]7] WA W] Fapo] ALY, 24
A ¥ IPFE 5%3F 23 400(rpm)®] 2%
of vlal 2ul A= AA Uebds & F vk olH

=

dAidell disire e 272 AZE 4 gk

40 400[rpm] 100[rpm] NaCl Solution
N L00[m1}(1.7{mass%])
B3 O 1000[ppm] & 1000[ppm] Py
: 30 @ 5000[ppm] A 5000[ppm] ®
& | an=10K) ¢ & ©
% 20 2Tx=15[K] 0O 004_% set point of
] o ° ice attaching A 'y
20 o © e ® A £ A ﬁ
.8 [ON ]
Z lo'e s A4
E 100 o A B7a
o 9 Aga kA
4 A AA

A
0 L L " N N
0 20 40 60 80 100 120 140

Time, £ min]

Fig. 6 Effect of stirrer RPM on the ice packing factor

A Zwsle 9357 A gl wE o)
A EReNA BAsE FEAe] ABSo] gad
WA} MolA Fwel R 4 B, B
A Q3o NGO g ste] [P gk
At

AHEAA ] o Be AF 61
F HAs ity A g wat e
of Efo] B3] o]Fojxx] ¢k7] wEd AL
o] A3t=7] WfEo 2 Azt
44 FEMo| AF WS Lot PR 2
Fig. 7& W9 AT

=9 [PRe A
Zgole] 9zulal
Sonic Velocity Profile, UVP)E o]
o}oﬂ'r:} I8 3 Flg T8 AIZH

G 3
r£
B
A ofo
A
o 2
N
o%

Rl
ety
£

°

o ¥
© e 2
o

;o
rir
o
) L
tlo
m
£
ol
N
X,
ox

e
J'{N'o}ﬂ
EANY
o £
0, T
<
S
r £ £
[
%
2

[«

0%
_I:?{:',
o
!
inA
PrL'
pata
il
is
P
tlo
L
o
=
R

Pig. 7298 & & 9t v}
5 ﬁ”fﬂ A4
£ [PFe) 27l w1
&%—6}71 WEoz woE,
A7He A9 [PFe 2o &
¥ éE—t— oA 371 m Qe
Fol weh ARERA L A
= gane AgEel 4

AL ofol

£ 50
;tji.
it
N

N

- it
P

H1
rr

)

B
QL

R

x2
[o o ol

ﬂlﬁ’.
o,
o
Jo
b
off oz N o oF M KU o

:
otk

b
o
X
L oft
Y

2

A

Au)
w
TR e ook

I oy
& go M

7]

o

N
—_ =

rlo
e

e
e
v

04 NaCl Safution Tam 10[K| “

4
100[ml)(1.7[mass%]) -
before input 71 D Tr=15{K]
| the ice nuclear

O @ 0fppm]
© & 2000 {ppm] -
v .
]
o/
"
723

o

&
0
=3

w
=]
Ice packing factor, IPF [ %)

ao
[x:d
k=

Radial velocity of sturry. V[ nvs |
e <
s i

=
3

0 20 40 60
Time, [ min}

3
3

Fig. 7 Relationship between ice packing factor and
radial velocity of ice slurry

ot A H A A31F 63, 2007. 9/ 697



62 7)

Fig. 79 y1Zol Uehd olo|xgelz]e] g urat
ol ik dlele([):0(ppm), <>:2000(ppm))
E AEd, vHg Aojojxth AWEAA st
2000(ppm]F7+E 892 72
Eol A Yea 9
;cﬂn%zl—/k%xﬂ_q Oﬂ gko 7
St FAHLT ke
o e 9
€ :2000(ppm))

A %

2
rlo oﬂ,
ol
-
iy

& EﬂolEﬁ( 0[

22
g BusE ARBHAES Fohe
EERIR *@“01 s v

%l

3

%01 PR e
AHIce bridging)9 o
T e A7Y 4B E JIJUE
HEPA S Hotgel WE FZA
9E 3l olFje} L& AR

FH &

,d
T
©

r—?l-l' é ﬂllO ol rlr

A)
=

Y 30 = op b1 ol 12

Lé.ﬁ%H{OB-{J

nz‘ﬁ‘%)

S g%

sl e HY2E
WolAl Hmel S

(1) 5899 2755

37 @ A 9AA

7l e g,

(2) ABSHAE A7he
2730 A et

(3) Tut7le] SA%t AA R v [PR=
7har.,

b

4

=
]

o2

P

Ho
o

supply of ice
storage system and its
Proceeding of the SAREK
Summer Annual Conference(Special
session), pp.1-52, 2003.

21 H. M.Lim, S.H.Pyo,

(1] Y.P.l.ee, "Trends in
thermal

technolgy”,

"Scraped-surface

698 / Fmmtdd Aol FE3] A A3 6%, 2007. 9

3

=
LN

Ice slurry generator”, the SAREK
Summer Annual Conference. pp.
441-468, 2004.

[3] E. Stamatiou, M. Kawaji. B. Lee, V.

Goldctein,
of ice-slurry flow and heat transfer in
a plate-type heat, exchanger”,
Proceeding of the 3rd IIR Workshop on
Ice Slurries. pp. 61-68.2001.

J.H.Pack, H.Hong.C.Kang,
"Evaluation of Ice Adhesion

"Experimental investigation

[4] H.Seung,

in an

with  Functional
Materials by Stirring Power”, The
Magazine of the SAREK, Vol. 16 No. 8,
pp. 720-727, 2004.

(6] J. Bellas. I. Chaer. S. A. Tassou, "Heat

drop of

Aqueous Solution

transfer and pressure ice

slurries in plate heat exchangers’,
Applied Thermal Engineering, Vol 22,
pp. 721-732, 2002.

[6] H. Ohkubo, T. Murakami, “Phase
Diagram of Ethanol Water Solution”,
the 37th National Heat Transfer Symp.
of Japan, Vol.1, pp. 97-98. 2000.

(71 Ak, "REEENOB" L SAET, EHE. pp.

55~63, 1988.

ZHE (&R

’ ' 19714 38 182, 1994'A Eh=of 2t st
 SHAtCHEE ZjatZetat EA(BEAL.
e 19984 sh=sidtistn dista 7|23
" st Z(SEAMAN. 20024 Y= 27}
fotcHeh ofsbel Xpedztstodpat £
(SEHEAY. 20029 ~2003d L& 27t

ofoichst J|ASEE o=l
. 20089~-A ool ol 2kntst

et SEIAA Y Zetf Tus



