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Abstract — This paper presents the results of experiments on subcooling degiee characletistics which was
analyzed n accordance with various test conditions. The test water was cooled below freezing point temper-
ature. and its freezing temperature was mcasurcd. The 1esults showed that using city water as the test water
m pyrex tube indicated small standard deviation (SD) compared to usmg distilled water, and mummum sub-
cooling degree was 69°C and 6.2°C, respectively. In addition, a cnitical subcooling degree in a pyrex (ube
was larger than that m a stamless steel tube about 0.7°C for the same test waier. 1l was also cbserved that
the standard deviation of data for the distiled water showed decreasing tendency as the increasing with cool-
g velocity, Then metaldehyde showed a considerable effect on the subcooling degres of disdlled water as
the ice nuclcatng substance with increase of test number.
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Fig. 1. Schematic diagram of the cxperimental appa-
ratus.
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Table 1. Basic specifications of the used experimental
apparatus.

Items Specifications
Refrigerator 7 5HP
Cooling tank 400 {

340 mmx 560 mm> 340 mm
(width = length xheight}

WILO RS525

Dala acquisttion Datascan 7320
Hcater 5kW

Hana §5-20, 1~1000 rpm

ERTCO-HART EHS50
Accuracy: Better than =0 05°C

Test chamber

Circulation pump

Apgitator

Calibration device

Thymhemocapges
Tor wall terrpersturs

b

Fig. 2. Diagram of the test tube,
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Table 2. Experimental conditions.

DELE

lems Specifications
Inlet 1emp. °C -20£0.5
Cooling fluid b ,)
Flow rate (kg/min) 12
Test chamber Capacuty (/) 40
Agitator pm 620

Kinds of test water

city water,
distilled water

& . PyTEX,
Components of lest tube stainless steel (SUS)
Cooling velocily of test water 0,15, 0.20, 0.27
Concentration of Metaldehyde 0,01,02,03,
(mass %} 05,07, 1.0

Table 3. Properties of test water, carbon tetrachlo-
ride, silicone oil and Metaldehyde.

ltemns Properties
Distifled R (£2cm) 04x10°
WALET C(us) 255
cu . R (Llem) 0.7x10"
; wal
Test water 1 e C (us) 135
(at 0°C) K (WimK) 0.558
p (kg 998.2
v (m¥/s) |.788% 107
Pr 13.7
Carbon tetrachloride . ; -
«©cly) p (kg/m” 1394
Silicone o1l p (kg/m) Sad
Molecular foimula  CyH,:O,
ITee] 2
Metaldchyde Molecular \,\:ught 176.
p (kg/m?) 1500
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Fig. 3. Cross section of the test tube,
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Fig. 4. Comparison of theoretical and experimental
central-temperature of distilled water for test tube,
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Fig. 5. Cooling curve of the distilled water.
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Fig. 6. Distribution Ffrequency of subcooling degree
for test waters, (d,=15.5 mm, pyrex).
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Table 4, Variation of subcooling degree for test
waters,

Test water Subcooling degree (°C)

R v
Type (Qcm)  (emh

Ciy 0.7x10' 10.0 155 69  IL8 92

(mm)  Min,  Max. Avg.

City 1 foqe i
®ef. 6) 20x10" 10 96 =45=125 70
Distilled 0.4x10° 10.0 15.5 r2 123 97
Distlled 5 P ._
(Ref. 6) 0.8x10° 1.0 96 =115 =225 174
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Fig, 7. Distribution frequency versus subevoling degree
of distilled water for iest tubes, (d,=13.5mm, d,=
15.5 mm).

Table 5. Variation of subeooling degree for test
tubes.

Dastilled waler Subconling degree (°C)

Test

tmbe R v (mfn) :
Qem) (o) Min.  Max. Avg.

S5US 135 35 11.2 89

Pyrex 0PI 100 oo eh 23 o7
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Fig. 8. Subcooling degree versus cooling velocity for
distilled water, {d,=15.5 mm, pyrex).

Table 6. Subcooling degree of distilled water for
cooling velocity.

Subcooling degree

Cooling Distilled waler 4 cCy

velocity SD (mrln)

(*C/min) (Qljm) (c;fn‘) Min, Max., Avg
.15 1.7 6.0 122 89
020 1.8 04x10° 100 155 62 123 97
027 08 7.1 106 88
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lLlI

LA AR AR AN A RN REREE RARRE RRRE)

- PR whE g} B4 ksl Tlelo
Elie| F =2 v)HE 0.4x10°[Qem]s S5pell 0. 0.1,
0.2, 0.3, 0.5, 07 ¥ 1.0 mass%® =S HIAA A
2S5 Walslgel sl &12 A2 33|74 =)
WEEE AAA) vholRlE RS Hel § e wEl 3t
el ZlEAke] L%EJ—‘;M‘:? 2] LAuA ) E}"Jfﬂ
#=r) |l ghdEl Bl AR 9lE e o g

aet. B3] 508 o4 AHATrL Aol Helx W F
A4} "ﬂﬁgg ]*L'@']r—“ Aoz vight, welatdE)=rt u
fﬁl w5 faslole g ¢ g gl
= Wz} #piege 5-7194 wl= A

Izt A A FEEA B9 AEE o
sjal efefe} ZL- HAE E5

AT Fiel o I 5 a‘oﬂ/‘% TEge) Iy
2= BEREE SR vld ATEES A
o, =g iz At B el SAage R
W Gpdo) HlElAe] 2Bk WiEA| AES of
T St

2RlE~70o] ahole el v)sl] Hlsle] Ao W
2| A= Bl sl 2 fel A A
o] sho]d o) wls| dA=wr} £, 2 AL}
27| wel] dzhaiwls AdEos So)gel ofet 5t
o el Wla wlale] FAde] ek &=k

Algdepe] Yz shlzh A 0w} dA = g
ZhEns A P55 3 A2k Y S sl

defadd 5] =2 FEs 4 A=) vl B
£ vebiAE ki, Agalav) Solsledx w2y

41

EEEA A T 581

g odgle] X&EE 7oz shgoEg WHAS &

AN AL kS e & 4 ek oIF
AA 2] T BT ol F 45 HA4E o]
28} ofe|zeje] AMAl2E LS $18 ) EE e
2R H4d Ao

NENNE
C ; =S [us)
d s AR 2 (m)
h T GAgAewWmK]
k DGR A WinK]
N EEalE(m). o] s
n - AHEE=E])
Pr . Prandtl <&
Re  : Reynolds =
R : 91AEHQom]
T : 9FE m]
SD : E=EE)
T 2E[C]
L : Al7Hsec)
U . 255 ['C/min]
v - Al AF m
AT 3R C)
p ¢ S [kgim']
v -5 Al ms)
BHERt
¢ A
ce : A&] 4] (expenmental center)
ct : o}23 4] (theoretical center)
d A4
1 R
m e
o RS
p - Slelds AR g
pt . Theldl2 Al
§ 2 AR g
w =
Wi R
w0 e
oo - AET 3

1. s AR iEAE]: =

Energy Engg. J (1999), Vol. 8



[ 29]

. AE:

Aepr|esd, A%, REEEAId T, pp. 19
(1991).
“Hapg) o)A &3] AlElze] A, o]

Age], e, opdx Al Zeh pp 36-39 (1998)

. BAE Sy Iee o 43 WSS ATEE

sy AlAE RdF] gl aaE
19 ¢1997).

71&73], pp.5-

CERIE G dAEk Ao el SRk,

g=terlEd T, pp. 167-302 (1989).

s, 948, BAT HLEHEE TMA ZAS

o A4 Bt Ay, ¥ - PEEE
3] o7siA St %E =53, pp. 354-339 {19%4).

. Hideo Inaba, Kengo Takeya, Takaya asano: “9fKA%E

TR T BBk 2B T A, 98
WEAE=Ea. Vol 11 No. 3, pp. 277-287 (1994).
Hideo Tnaba, Kengo Takeya, Shigeru Wozu: “##1EAR
A2 kB L URRE OIS HEREGC R
% RiTTHREToRER, Yur) A=, Al 593.
360%. No. 92-1074, pp. 1202-1209 (15993).

Rz st

. Hideo Inaba, Kengo Tnkeya: “WFErk OiBiadHRE

Bt koA, RS A 50, 567
&, No. 93-0592. pp. 3557-3564 (1993).

oLz =5 Med M4z 19994 118

9.

12.

13,

14.

el Bxlal o]E

M. 5 “Thermal and solutal transporl
charactenstics in production process of hquid ice as
a new PCM™,
phenomena w processing, March 22-24, Honolulu,
pp. 1569-157% (1992),

Yamada,

International conference of transport

. dhedE)l o)y, el okl “Slumy ice AE A
o AEE AR AAF IR 9T B

- AT 3EE ossldshE s =73, pp 990-
996 (1998).

Aol Sk s ]
A AR D;Jﬁﬁkoﬂ 99 97 Pl
2818 oeeAEed®s] =13, pp 790-795 (1998).
Churchill, SW. and Bernstem, M.: “A correlating
equation for forced convection from gases and
liquids to a circular cylnder in crossflow”, J Heat
Transfer. Vol. 9 pp. 300-306 {1977).

Holland, FA. and Champman, F.5.: Ligmd mixing
and processing 1 stirred tanks, remhold poblishing
corporation, Londen (1996).

Poulikakos, Cenduction heat transfer



