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An Experimental Study on Melting Process of Ice in a
Rectangular Cavity with Different Wall Temperature
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Abstract

Melting process of ice in a rectangular cavity with different temperature walls has been

studied experimentally. Front shape of ice and melting rate were affected by initial tempera-

ture of ice and variation of temperature distribution and density gradient. When the hot wall

temperature was below 8°C, the melting rates were higher at the bottom than those of at the

top due to the density inversion, but with increasing the hot wall temperature the melting

rates at the top were affected by hot wall and were higher than those of at the bottom.

When the initial temperature of ice was low, melting rates were low, but with increasing the

time melting rates were almost the same with those of each initial temperature of ice.

PR~

. Aspect Ratio, H/L

. Height of Cavity [mm]

. Length of Cavity [mm]

: Temperature [C]

: Volume [mf]

> Time [hour]

: Horizontal Coordinate [mm]

<30 >

>

y  Vertical Coordinate [mm]

o . Density[kg/m?]

£ ! Dimensionless Horizontal Distance [x/L]
. Dimensionless Vertical Distance [y/L]

Y eEEY ST As
ozl 713

H X
: Cold Surface

h : Hot Surface
1 :Initial

1M

r

HEdH} nA PCM(4st £4) Alolo] Ed
2ol o gHBA A stA G A o] Ede
T2 %ﬁﬂ. AL L=z A, HFS F
ZIEES AT FEAMeN, AN d5E]
FEAETY T AYEoIM 1 &8V FiE L

o

olo] w3} ¢3F7} Eds) AgPw v B
o= Z83¢ =] o] 2LUojA] Alote]
1 AlxRlef] o)



Hong#} Saito”= 24 % o g3l £
FRMFH o FEsE e, tgE 34 4
gt 4ol Aol g uf, T1o uf2 AdgL
AEHY] 257 WE e HEd 2§
AEARE, 227 FrHgl wiet o Fol
o] Frightia #3 et ar, Host Chu'
£7] ol A A Zb] we} 25t W stehs
SIS 4TCTEH Eo| URAHA @igo o
A Gge] v wFsHoen, Webbe}
Viskanta ™= AAMR AE & 7)ol Mo Faf &lAt
& WA, dEgHe] 2xvt
Fo gaigol AL, H¥xe] AR} F7)
-5 329 - St AstAl RS ==,
32 AU Fe 2apde] AS B nHHFH
Ao} A gte] tf FEtA dojdviz LRt
t}h. gl Zhang™e AGRHe] £xvt 4ATREY
g vz dEode] dFo] gt =y HWEY

o3

o o
R A
W ox T

o

F‘n’

o o of

& o ot o oo r

}_7}.‘6}"::?_ )b]-

e FEgust ndgSAe] Hepo| A4 JFE
mAaL, Hedde] 2=t

STRT #g do] &%

& el N ghe SR FAe vldue o

e Ae FArtEd s o
H

9]
0}
i

N
S

-0}
A
u)
B
[
o
13
=t

e Hol &5 5C7AE 4
Hukgo] ZrtelAnl, 11 olT el 7Aadte] 87C
A il H, 8Coldd e Al F 71Tt

k 81 (A) 3/290 E e 871

o 712& gl %%fr% Wi 3EAD ¥, %

Hag 71y, 18y o E 3% wWEg Yado

2 stu 71gEde] el 489 2| v

gl RSIAIZIEA F8l *al'u% F3 gt o]

*Hilb Wiﬁ 4 ﬁéEH ] LEiY, UEF
=

Qe gjtgzqgi T st
2. AR { Yy

AREAE 2A

TREIL FHEANZA QT Fex, nw,
7tE7], SEEEL, 2EXHY B LEU|EARE
TAE dow 1 AYEE Figld uvehych
H¥zxe otmadsAE AHE3l 712 100mm, Al
2 150mm, & 150mee] oz A sl =
HE]l YR FHL ALl Tedon 3
1, 1 E# & Styrofoamo &2 @FA AT}
T 7tz gt wiAFE ol ejRe b
Ao} AR FAA M WA o)) whA
7} %M FalAl HPRNE ] fUdE &
& 248 4 A A9 Fexe 2dgs
Be *}%—6}&1 AFo g Yrxe} 7dx 7z

AoA SRR, C1 uiRels ¥E", 719,
g éxls}‘at} N JIAE Algsd
Zil, 2] Yzt Engr g s
1%6}04 F8AZ o, dogs
Egete] AlgsiE i, WEE o
At Az Wi e 49
& 42% l dxsgd o Az el da4e 2 71y
W, 22]3 gLz 143 AX st deo

=

HJ m“’

IO Test Section ® Constant Temperature Bath
(2 Heat Exchanger @ Refrigerator

3 Constant Temperature Wall & Circulation Pump

@ Temperature Recorder @ Computer

& Temperature Controller

Ein 1 Sehomatie diaoram of exnerimental appa-



P Lol o 87l HelA dgo gl aF 489 a7 549

27)e5E —2T~~10CdA exo wa 4y
g, Yade 25 ~10CE 2AA A, 7}
Adle] 2 747t 27|12k wEgpd 2T ~15
C=2 WaA|A st

£0.2C7A 2A"HEe 2EZRAEVE A8l
Sg Ao, 7t T el Az

&2 271258 44 44 ¢ F Data Logging
systemit PCE ol&3le] 5E7HoE 22 g &
A 7N530 lmzrEe] AL o| &3t a3y
HE B HYsiaen & Eao] Az #4943t

Atk b 4R @ ol geje] AR el T

31 JlER0)| mE SasA

7t 2o WE e 2v)de dxe] o
o] fMEo g gajRt tha 2fo]7} g W |
gioh. 7tEY 2xv)t 2CHE TCAl A &%

BHE] §87F AlFEE AZle] Hugtd whel &t

22 454E g3go] AAE B 4+ vk 2y
7tgw ew 8CE AAZ sl 1 o)4te] &%
M Rl A el FalEko] FrtETEA nAHEH
o F3AAEE A Hed, stgd X7
et ARe] §Eit s ET AXA "1
frEe] AARC A3 3FE WSt EYE B
¢ich

Fig.2+ 71499 &% 5C, 27|25 —5C9 7
S2A, AEAIZ AT ol % ﬂa}f(n/E—O/Ol)
Byl Wyr 7bA 2 4C(o=1000kg/m?) ¥R
5’591 Bo| EAstr] Alzstd FHFE 20417 Foll
8ol 7/} 0/0.1~0/0.69 M= $ZFog &

l'f-“i*i EXxich orjA 3tFe] g8 £
%*oﬁ}% o]F I e 4CHTY 2EEXY
FEol A9 gle AHE FHE FAskT

o8 7l 5T 2 A date] dxrt 4T
AMBrh ozt Wy wj i Ampuls Qg 7Y
Ha*gs}oi HEHE wat WM st =t

B 4CTHT 2599 g 7]EoR 3o #
= 7}%?%’ &% 59

»0 A Al D ele
P LR
o3
o g ml
. ‘ﬂ

2 o £
lo

!
!

FEshe 0CH2Y X7t oA iy 57
“J 5Ce Wxrl ang Sulz 4CTHRZ £x9
FE SHAA AER F431E o] R0 B¥ s
%E}. olgl & AAo] AlKEY ¥ 5/&} 1.5/0.1
oA 3AIZE o] FollE 0CHZ] L%7 EA) 8}y
Wil gavt AT Fa st E deE /1
o] A glv Hd9 4THZ x99 A9t
JHHEFH Alo]e] gre AFZ o) FaiEol
2E 2 5 Jrhw
Fig.3e 7198ex 8C z7|&x —5C9 A
ld] HFARE 1AIRE AEE &1 01 A
HollM5E ot gal=ln 24105 EE 9/}
1.4/0.13%) AAHAAM FEAAH] HPHY 34]
DEEE /&1 1.5/0.2014 F&8A g8zt 2
= SA R = f5AAHEC] g7} 1.290 7t
A Wl el 6417712 g37F A=), 647
o|Z 2 p/&7t 1.2/0.3% RE-E FHoE 5/&)
1.5/0.4%1 REMEE zFHo] Az=E o] 164
Aol E /670 1.5/0.2790 872 AF5AEH

LS —
=0 N Time | S
g ‘105 h
= N 2 1R =
2 B
= 1.2F ;:E“ 3

-6 10 h-
,,,,,,, "7 15 h
»BZDh‘

0.9}t N
& VJV G }

0.6 T~ 3

5.
S S BTN
o3k 1| \ \ IR

M | \‘ '> ».

TN N\
W

i \ A . . .
0 ‘L \l \ \ \1 \1\ [
0 0.2 0.4 0.6 0.8 1.0
3

Fig.2 Solid-liquid interface shape
=—5C



550

M fEAAHe] AR A&hMe] mAHR
FAsta, 204 ol= /&7 1.5/0.3%) F-
2 gt old p/&vt 1.23/0.30 - o}
7tgE 2 7Ce Bl R galvl 3

AL 27A 1A 7R 71EY &
Co ALy 8CHTL 259 A7} 494
g A5 o, nAHEZHEE e} 0
exo] HAE 7 s "ok 19
3 387} g7 1591 3telA 0Cet 8Cel e
ws=3ty] W Foll Mz FEIA EERA AR

)
ol 7F 4 daAnh e, Aol 2

Riie]

i

[ OO V)
)

o2

. ©

ool
o B

o
s

~
<
14|

o
. B
i ﬂ

L8 Y
o

N

—
nu
o

» 1o

v el mes g AR Sgges W
Q@A g7 Aasiol fERANEe 48 £Es
ol7tn ZAPFRE HAZ AHUE oA =
o ol u, %ol ARFFLR 8 FAHRE
e EHE wet A5eks 0CHAY S §F
AA o] 48]

—_

59 2 SeEUS

1.5 T T 1/ 7 T T

{ d o —
= f H Time o
< i o =
= } s 105 h
(‘/':;A : B =
- ‘ o 3 3h —_
= . : Q
2+ 4 5h 4
- 1.2 {j s 7n &)
] : 810
o 715 h-
) 8 20 b
.;f 4
|
I ]
. '
: 2 |
L
4. .
5
5
.7
8
1 J
0.8 1.0

Fig.3 Solid-liquid interface shape
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