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Thermal Instability during the Melting Process
in an Isothermally Heated Horizontal Cylinder

Jaedong Chung, Hoseon Yoo and Joonsik Lee
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Abstract

The constrained melting inside an isothermally heated horizontal cylinder has been repeatedly
investigated in many studies only for the moderate Rayleigh numbers. This study extends the
range of Rayleigh numbers to systematically investigate the transition during melting processes,
especially focusing on the complex multi-cellular flow pattern and thermal instability. The
enthalpy-porosity formulation, with appropriate source terms to account for the phase change, is
employed. For low Rayleigh numbers, initially developed single-cell base flow keeps the flow
stable. For moderate Rayleigh numbers, even small disturbances in balance between thermal
buoyance force and viscous force result in branched flow structure. For high Rayleigh numbers,
Benard type convection is found to develop within a narrow gap between the wall and the
unmelted solid. The marginal Rayleigh number and the corresponding wave number are in

excellent agreement with those from linear stability theory.
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Fig. 1 Schematic diagram of the inward melting
process in a horizontal cylinder.
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Table 1 Thermophysical properties of n
-Octadecane (C,sHzg)

Properties Value
Melting temperature 28.18°C
Density 814 kg/m®
Thermal expansion coefficient 9. 1x107*K™!

3.878 x 107°kg/ms
2.4136 x 10°] /kg
1.9x10%)/kgK
2.2x10%)/kgK
0.390W/mK
0.157W/mK

Viscosity
Latent heat
Specific heat of solid
Specific heat of liquid
Thermal conductivity of solid
Thermal conductivity of liquid

2.2 QllEtm|uty

A g Ao dfdh A8 e ol FARAeE 1L
AR Aol o EsF = K
B} odroll A ARGl = ghepwle A Al ol ®
a uble Fxlel &ghet, Zrte
A, Azela ol A A e olnl #FH w
o o & wb 8-S ustd o, thak o7 E
Toll A oeks wbde A& WAL slEstaAt
ghoh, ollsbs] apold A A o] FL AL
49 Halz )Mol shrjd ez yhedsicl ulela,

of wie AAUE HAHoE FAsE Hol

Aol maAAZ HF2A geme A £5
Fehol o)A s WS sotehe ol FEY +
% dnd gazslsh el Pre
of $As) FEYelel T Aol

mof| 4 2] A& (no-slip) 70| dH
7}

e 7!
ju

fo o
o

n o

ot . % 0

o

Sls
i j
£l

10
ox, AW ofn i
Lo

ol
ok

me ol
i

3

ao] ol 4174 2ol
A 4R ghesl, of Aol 4wy ¥
Sqd & glet,
B ooirel HAuAE 2 W A%s] Py
Aup g A e FAFAANA A sl olok @
.

O

L

>
ox
o



oot £ FAAEEY 4H BAHA 2049
Table 2 Variables in the dimensionless governing 0 < Bl 0P > (4)
equations an ¢ O
A S* o 7] 4|
mass 1 0 0 U=aeue— Bettn, V=0nutn— Brite (5, 6)
x-momen- x* Prp* 94 (1—f)* ue= (xeu* +yev") / he
¥ 3
tum ox fi wr=(xqu" +y,07) / Iy (7, 8)
+ * + _ 2
y-momen- v Prut| 9 ga.pror—allof opst dhe e Asse Alaael elsel
e L ek,
ener sk *
i [ “Ste g7 O A (2 3o TAW HETARN AAFH o F
3 A 2EH g
x=x{&nt), y=y(&n,8) (9,10)
d 9 _ros
or\ed) T\ pud =I5, Apololl = A Mol zpol b glgol| FEafeiok &
o, & Aae A4S HEted AuHez =3
+- 2 oop-1ZE)=5(x ¥ ) He S sl =
y dy o} Fape AgAelrt, A3wge & <iTe A
Gl olubs w Eadaxel dake @AHer v AHEAACl S IA AN F A s AR
shoralz] Slslol 7l aAdmel Hoy® W4 o <l 2o wt I E Fele Ao wet
o Hoz AuwAAL FaUsielw Az, &5 ik ododo] BFHFHAe] R ubz4] PRs)
o ) ouix] WA Zhzbo] thgstE Sy wyg o =3 e F Aol A A A4 (quasi
se] F##<l Fehe Table 29f 7ol Heisict ; S

Jek g Aol 1ol
Navier-Stokes #tA&lo}, f0] Qolwd Z &HEA¢
o Ao g (o] =HH, oA WAHAL A
< E3led gaAAS o] drddE AR
upod st glch oluwl oy wAAly FLHuee
@ ol ol et (sensible enthalpy) ol 2] spedof &

(2,3
< z9istsd 4 (1) oh&a 2ol Mgk

3 3 al” 99
2 og) +-3{ oUB— %% )

e AdE ARl el FAAE 47
el ool wel whAk suleld melseded 7
ol wiakol A4t eha] A4bs|ofof ek,
2 odve ddgele AgHelnE AT
l_ k=3

S
& goe 5 ez 59l g

Fabhx] wae g fAs et Agsie g A A
4o Zpabnds AAskd Fig 13 Ze] ot
1

gl gAAL A7 =0, o], 7 W AR
We zhzh §=0, lof wldheh whebd s
AEANM AAEAL G5} o] 4" £ 9l

_n OV _ o oh" _ .
U=0, an =0, - - =0 at =0 and 1 (11)
U=V=0, ht= at £=1 (12)
v oht B
U=V=0, “an =0 at £=90 (13)
2.4 x| oA

Aupg el AE 57 Askel AAbAH A
o 2% FAAEYoR A WF o4l

P

SIMPLER oli2|%o] o £3e} 4e) 43 ek,
alers wulel @Al sael 2 AAAHe) o



2050 AAE - FE2AL - o] F A
b HAlR S fo ¥k Voller9b Swaminathan
Wol el Alatsl whwle weige] wledo] rhi 3. Zotof sk oA
Aol thstel 4-gshe] Hgoiaich,

IRV ES I s
\ers) ( At Ste )
= Eﬂnb/l;b - (Z;h;k + (sz* Cps) ﬁ{/;’(ﬁ/ﬁ) *

LAtk
f=01f (f)*1<0 (15)
=10 (>0 (16)

AN A kE A AHL AV, am i
7t Aalal el A, oldkst W Alel A% v
JERE R EE R

Awishol e wlA gAY FA el ol 4 A}
o AxA e|EAe Fal AR wlogleh o0
AFol M FalA A Asbe] FHE mA b
Rasel wlslo] e wiz o d5ustos 36
x42, 36%52, 36x62, 36x722 AxAE AbLa)
of 4ANEL wasiglon], 36x52 o g4k
Aste] alelsh M¥arg shalalsich ik gl
Ao A%el 24E 2E

i

=2 ES
g ST FET
=l

Vil

/ %
Wt inndlno
) il
,,"l,u,,',h TR
ln,,'"l TR

S
2808

%
=

o
2
%
L
2o
S
S50k
-

2%
%

17487

1904
105204

5

154
707%

%

\\\‘\

NS NN
“ N\

!‘.‘.‘.‘.\‘}}}}\\\\\“\}\\\\\\“

N
N
\

X

N
N
R
R

Fig. 2 Grid systems for full transient solution (left)
and initial stage solution(right) for gallium
(Ra=6.06x10° Ste=0.03912, Pr=0.02158

and Sc=0.007044.)
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Fig. 4 The full transient solution for Ra=3.6x 10", Ste=0.045 and Sc=0.004
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