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Close-Contact Melting of Ice in a Horizontal Cylinder
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Abstract

Buoyancy-assisted melting of an unconstrained ice in an isothermally heated horizontal enclo-
sure was numerically analyzed in a range of wall temperatures encompassing the density inver-
sion point. The problem as posed here involves two physically distinct domains each of which has
its own scales and respective heat transfer mode. These two domains join at the junction where
the liquid sqeezed out of the film region flushes into the lower melt pool. Both of these domains
have been treated separately in the literature by a patching technique which invokes several,
otherwise unnecessary, assumptions. The present study eliminates successfully such a superfluous
procedure by treating the film and lower melt pool regions as a single domain. As a result of this
efficient solution procedure, the interaction of the water stream ejected at the junction and the
natural convection in the melt pool could be clarified for different wall temperatures. Though
limited by two-dimensionality, the present results conformed indirectly the earlier reported
transition of the flow pattern, as the wall temperature was increased over the density inversion
point. The transient evolution of the melting surface, the time rate of change in melt volume
fraction, the local and temporal variation of the heat transfer coefficients are analyzed and

presented.
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(a) Schematic of the physical model for the close-contact melting process. (b) The mass
center of the initial solid is artificially made coincident with the tube cell to elucidate the
melting distances (sy and sp) along the upper and lower lines of symmetry
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upper (sy) lines of symmetry.



2604 A3 Al

r‘ﬂ‘
kS
ot
o

A olAez LalrbuiA] 32
b7 o] Ry olxln gl
At & AAAEY Fgo]

- %5_(4,6.8,13)9]
=9 el Aol Ha
3

I3
O
ol)(
o e
e
wl i ol

S
L
o
N
rin
o

:::.OEOEI_T'}N;'-\‘:

R J- U
o

rir

ol
-

B R o Ay dk

sy,
N o s

)
L ot &
_\géﬁrlr

e rr o
>

S PECPUEFRREER
H8E 27 Fig 8ol vehig)
g 4od slng A9 2
1% FUsl ARslush HdesE
Pelsted ebilo] wgkot FY&71e] Hfol o
# FalddolA Aol @ g7} oha iyl
A olgojalcke ol AT Asishe B
goldeiol el ool v o} Aoz
2A ol FeiA 5 ghek,

o oW
R o e
&)
o}y%@'-ﬁ'
oS
NO(}I-E‘N"’
o B

Meis Al FaddARAse] LEE
Fig. 9o vpebigich, 274 o2z Qe xg

2gae) A5 At Faddele] Falgel 1
WAL 2ol % vehdch wabd, Haiz 474 1
wol fd FFIAGAFE 2hA FaEA Yo
o, A#F APD4 Aot A galgee
Soket B2l dRgAFst FRAHA L
Fig. 9245 & 4 gleh Atz el wet
o] Alo] v]} dAzroeoz WHajrbdA Nu
Zteo) wel v F43 HIE 2 h- 1
7b A=A ApAded o o]

2HE e HEA
4 5 ok AR

)

1

ol

e do e

Tn

01
3

do s B A ol o
clo
o

=l
°]
OE

2=
=
=
=
|

rie m[n

r_):.L

P

do e
o .
2 lo T

ol .Lu
0 §090

180
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