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Abstract

Heat transfer phenomena during inward freezing process of the water in a horizontal
cylinder were experimentally studied.

The cooling temperature of a wall more significantly affects the timewise average
temperature than the initial superheating temperature of the water.

In addition, it was abserved that the timewise average temperature was influenced by
the initial volume ratio of the water(V,/V. at the same temperature conditons.

One the other hand, the freezing speed of the upper part in the water-ice interface was
quickly progressed due to natural convection.

Furthermore, experimental observation showed that the frozen mass fraction
(Ms/Mioy) Was influenced by the initial volume ratio of the water(V,;/ Vi) .

It was noted that the frozen mass fraction fbr each V,/ V.. represented by Ste* and
Fo.

Nomenclature Greek symbol
C  : Specific heat [kcal/kg - C]
Ewt . Total energy storage or total energy o - Density [kg/m’]
released [keal /kg] A . Latent heat of fusion [kcal/kg]
Fo  Fourier number (a * '/ @ . Thermal diffusivity [m?/s]
M Mass [ke] Br : Coefficient of volume expansion
T . Radius of cyliner [m] (=9.2972X107) RO
Ra : Rayleigh number v . Kinematic viscosity [m?/sec]
(gBTl :2‘: Z"‘ heas =1, 8948)
Ste; : Stefan number of melt Subscript
(Ci+ (Ti—Tm) /A) . Initial . . Liquid phase
Stes  Stefan number of solid -- m . Fusiong point s . Solid phase
(Cs+ (Tm—Tw}/A) - wt . Total w . Wall of cylincer
Ste* . Modified Stefan number
(Stes/ (14 Stey))
¢ Time [sec] 1. M B
T,t . Temperature [C]
T : Average temperature (] A2 EE 2 ol§3he WA 2T L
V. Volume m¥]  2QUEs} 33, HA4o] 5dla dhEr)e
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Fig. 1. Schematic diagram of experimental apparatus
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Fig. 2. Average temperature(7) profile of
water during freezing process at V;/Vio

=0.50
B .
ﬁt S}“m.i. T Tw
- oI 7°C -5%¢
s G ' 4°C  -5°C
o} AIIC -5°C
‘L s | i Choe
5 ol s | i Zjo
) *y

10 20 30 40 50 60 70 80 90 100 110 120 §30 140 150 160 170 180
Time, min.

Fig. 3. Average temperature (T) profile of
water during freezing process at V,/Via
=0.91 |

(Vz/Vtot:0.50), 91%(V,/Viei=0.9D)E =

AA e BY 'Y VREE AR 7T,

1C, BHecE —10Cl 2734 ot

ANASL ] AZF A w2 AAAHY F
o



% Y58 Y2AZAe Ao B AT/FE S 9

(0 T=1'C To- -10°C

(a) T=7°C.Tu=-10C

{¢) T:7°C.T=-10C (d) T 1°C Ter -10°C

Fig. 4. Timewise motion of water-ice interface during freezing process ,

(a),(b)

BRo] HurRur) M JPsgort g
27} APl et ARAE] Arns 5
R0 md YA APk

rr r-lm

SR FH7l HY LEHE ZE
4C 79 o] sHATUH st z,
4T °J3t2 Yztd B2 A4 HuPEo
FoHA e Al Fo g dHge
I A=EALe] AujHor L3
2t At

o jo
T 5

2
dgo

O&G}L

7L
$127\RE AdviFel I 3P
o masta Axe] 9% Fugo] AuHoz
Agste] AAARS] AR Eo] HaHd
BsiA AT,

ARu)7E 0,912 (1), (@) Aol g3
FRSL U ARREY HAPFo s
of #Hlo] 453UM Sl 2L W)
2 Yede & & 9ok

-

3. 218

Fig 59 Fig 62 €< THYSU AAH
@4 211'74' 50%(V1/Vtot: .50), 91%(V3/V
w=09D)E s B 2I|I:xE ZZ
7C, 47C, 1C, ¥YU&EE Z}Z} —57,

8

' Vi/Ver=0.5, (c),(d)

=7 1C 29 (b) ¢ (Do

: Vi/Vier=0.91

~10°C Q) 2SN STAAS W AR
o B2 ST (My/Me) S thehd RolTh

EEERRICES amr 2ol 7 AHE|(V/V
ool 8l B2 Ste*- Fox10°2 Zow
29 g1 %(Ms/Mmo BT QR 2
Aoz vehH (), 0282<Ste*<0, 0602 HHA

AN o] AL BAY AUBAL o T
ofzhst 2.

@ A&V (V,/Viee=0.50)21 5
(0. 0282 < Ste* <0, 0602)
Ms/Mi:=C’ + (Ste* - Fo - 109"
(C’=0,1979, n=0,50) -=+++-+- Eq.(A)
@ iﬂ’ﬂﬂl (vl/vtotZO. 91) ?_]. 75]“?"
(0. 0282 < Ste* <0, 0602)
Ms/Mi=C’ « (Ste* - Fo + 109"
(C’=0, 2024, n=0.46) --------- Eq.(B)

YA RE wie} gol 2 AHu|(V,/V
maoﬂ e $TLE(Mo/Mi) o) AFAE A

B3 0 £10% oleld ¥imd T U
a}ﬁiu}

0!0

oA x|

Fig. 73} Fig 82 Eo] £3{UE A

Bl oF ol X] (Solar Energy) Vol. 15, No. 1, 1995



TH 453 WFEZMY gAL BF ATF/o1E 8 9

1.0 o
0.9
0.8
-~ 07
3
= 06
™ s
=, 0.4 Tw
[ O -5°C
0.3 C -5°C
1 Fay -5°C
0.2 J -10°C
B -10°C
0.1 A -10°C

Stes »Fo x10°

Fig. 5. Correlation between frozen mass frac-
tion versus Ste* - Fo at V,/V.:=0.50

7°C -10°C
| 4°C -10%C
wi 1C_~10%C

Total heat released, kcal/kg

20 40 60 B0 100 120 140
Time, min.

Fig. 7. Timewise variation of frozen energy -
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Abstraect

Heat transfer phenomena during inward freezing process of the water in a horizontal
cylinder were experimentally studied. |

The cooling temperature of a wall more significantly affects the timewise average
temperature than the initial superheating temperature of the water.

In addition, it was abserved that the timewise average temperature was influenced by
the initial volume ratio of the water(V,;/ Vi) at the same temperature conditons.

One the other hand, the freezing speed of the upper part in the water-ice interface was
quickly progressed due to natural convection. |

Furthermore, experimental observation showed that the frozen mass fraction
(Ms/Mior) was influenced by the initial volume ratio of the water(V;/Vio) .

It was noted that the frozen mass fraction for each V,/ Vi represented by Ste* and
Fo.
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