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Abstract-Numerical calculations were performed for the melting process in porous media around a hot 
surface with conducting fins (fins with a large thermal-conductivity). The effect of the orientation of the 
hot surface on the effectiveness of the attached fins was examined. Three orientations, that is, the melting 
from below, from the side and from above, were selected as typical ones. Timewise variations of a 
temperature distribution, a velocity distribution, an interface shape, a mean Nusselt number and a melting 
fraction were compared. As a result, the temperature and flow fields became very complicated due to the 
attached conducting fins, especially in the cases of melting from below and from the side. The mean ?htsselt 
number, (N~)W. over the hot surface for the melting from below was kept large for a long time, and varied 
irregularly with time. The value of (Nu), for the melting from above decreased monotonously with time. 
The melting rate was the largest for the melting from below, and the smallest for the melting from above, 

while the effect of the tins appeared relatively larger for the melting from above. 

1. INTRODUCTION 

SOLID/LIQUID phase change heat transfer in saturated 
porous media occurs in many systems and in nature 
including latent heat thermal energy storage, manu- 
~ctu~ng of ahoys, freezing and thawing of soil, and 
so forth. Therefore, studies on this subject have been 
actively conducted [l-7]. 

Chellaiah and Viskanta [I] studied freezing of satu- 
rated and superheated water in porous media packed 
in a rectangular cavity. They performed one-dimen- 
sional calculations considering conduction alone. The 
calculated results agreed well with experimental ones 
when the water superheat (the difference between an 
initial temperature and the freezing point tem- 
perature) was small, but the agreement was not good 
for a large superheat and for a large size of porous 
particles, due to natural convection. Considering 
natural ~onv~~ion, Beckerman~ and Viskanta [Z], 
and Sasaki et al. [3] proposed a numerical model to 
simulate solid/liquid phase change of fluid in porous 
media. They performed two-dimensional calculations 
for a rectangular cavity, and their results agreed well 
with experimental ones even when natural convection 
was important. Okada and Fukumoto [4] numerically 
studied the melting of ice around a cylinder immersed 
in porous media. They also took natural convection 
into account, and the numerically obtained interface 
shapes were in good agreement with experimental 
ones. They also examined effects of Stefan number 

and Rayleigh number on the melting rate. The effect 
of the density inversion of water was examined 
numerically and experimentally for freezing from 
above by Sugawara et ai. [S], and for melting from 
below by Xhang and Nguyen [6]. They used rec- 
tangular cavities, and indicated that the density inver- 
sion largely affected the IIuid flow in the melt and the 
heat transfer. 

The heat transfer rate in solid/liquid phase change 
in porous media is usually small due to small thermal 
conductivities of phase change material and porous 
particles. Some means must be devised to enhance the 
heat transfer, especially for thermal-energy-storage 
applications. Therefore, one of the authors, Sasa- 
guchi, and Kusano and Nishimizu [7] experimentally 
and numerically studied the solidification process 
around finned surfaces in porous media, and showed 
the usefulness of the fins. 

In the present study, a numerical model was pro- 
posed to simulate the solid/liquid phase change heat 
transfer in porous media around a finned surface, 
based on a model proposed by Bennon and Incropera 
[S]. Calculations were performed for three orien- 
tations of the finned surface, that is, melting from 
below, from the side and from above, to examine 
the effect of natural convection on the heat transfer. 
Calculations were also performed for the case with 
nonconducting fins (fins with a zero thermal-con- 
ductivity) to make the effect of the attached con- 
ducting-fins clear. 
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(I thermal diffilsivity 

./I \ aspect ratio. /.,, I_, 
(’ specific heat 

rl diameter of porous particlcs 

/ gravitational acceleration 

4 latent heat of fusion 

I1 heat transkr coetficient 

(f.J) grid point 

K permeability 

L! width of test clement (SW Fig I) 

NOMENCLATURE 

1-t height of the test element (see Fig. I ) 

I’ pressure 
N melting fraction 
/ lime 

T tcmpcraturc 

II. 1’ .l--. 1,.direction mass-aberaged velocity 

components 
C’ \L scale of magnitude of dimensionless 

velocity vector 
1,,,, maximum of magnitude of the 

dimcnsionlcss velocity vector 

.x._v coordinaLe axes (see Fig. I) 

( ‘1 vector. 

Greek symbols 

/i thermal expansion coefficient 

\ olume fraction 
A0 incrcmcnt of isotherms 
Ii thickness of tins 
:: porosit! 
; thermal conductivity 
i kinematic viscosity 

1’ dcnsit) 

9 angle bctwcen the center lint of the test 

clcmcnl and the horizon (see Fig. I). OI 
\ ariables. I’. I ‘. 0 or ;‘, in equations (16) 
And ( 17). 

Suhscrlp~a 

I: fin 

l;l fin-l (SW Fig. I ) 
Fl fin-2 (see Fig. I) 
i initial 
I liquid phase 

P porous particles 

PH fusion point 
s solid phase 

\\ hot wall 
.\- \.-direction 
1’ I,-direction. 

2. A NUMERICAL MODEL AND GOVERNING 

EQUATIONS 

Figure I shows the physical model on wh;:h the 
numerical analysis was performed. II consists of a hot 
wall. an opposite insulated wall, and conducting fins 
with thickness of S connecting the two walls. A porous 
medium is packed in the enclosed region. and for 
simplicity the number of fins is assumed infinite so 
that WC only need to consider one element shown in 
Fig. l(b). Solid (ice in this study) in the pores is 

_ _ -.._ QI = 0” 

(a) Cb) 

FIG;. I. Physical model: (a) enclosure with a finned surface 
and (b) element for calculation. 

- 

initially set at the fusion temperature. At lime / = 0 s. 
the temperature of the hot wail is suddenly changed 
and maintained at a prescribed value. r,, which IS 

larger than the fusion temperature, and the melting is 
initiated. To examine the effect of Ihc orientation of 
the hot wall on the melting, the angle C/J in Fig. I wah 
set at 0 (melting from below). 90 (from Ihe side) or 
I80 (from above). Timewise variations of an interface 
shape, a melting fraction and a mean Nusselt number- 
over the hot wall wcrc compared. In addition. caI- 
culations for a hot wall with nonconducting fins wcrc 
also pcrformcd for comparison. 

Assuming a two-dimensional laminar flow. con- 
stant density except buoyancy terms in momentum 
equations, an isotropic porous medium. thin fins (no 
temperature gradient in the direction of the fin width 
(the .s-direction in Fig. I)) and local thermal equ- 
librium (i.e. the temperature of a porous particle IS 
locally equal to that of surrounding fluid). as well 
as modifying equations proposed by Bennon and 
Incropera [8] to apply them to the present problem. 
the governing equations in dimensional forms can 
be derived as follows : 

Continuity 

624 il. 

c’.r 
+ 

il. 
= 0. II) 



Momentum 

(i) X-direction 

Pg +pv* (h) = - zi +p”,v?u_p;u+b,, (2) 
\ 

where 

h, = PI,~singy,(T--,,,){B,+B?(T-T,,) 

+B~(r-T,,)?+B4(T-TpH)1}, 

and, according to ref. [9], 

p, = -0.678964520x 10m4(1/K), 

/j3 = 0.907294338 x lO~‘(l/K’), 

[& = -0.964568125 x IO-‘(l/K3), 

p4 = 0.873702983 x 10m9(l/K”). 

(ii) Y-direction 

$ +pV.(Fz) = - $ +pv,V’c-+c+b,, (3) 
I 

where 

b, = p,gcos4%(T- T,w)#, +Bz(r- TP,,) 

+B3(T- ~RJ2+P4(~- ~PiJ3~. 

Energy equation for the fluid 

pcg+pr,V.(U) = v.(E.v7J-p,/l,$. (4) 

The second term on the right hand side of equation 
(4) is a source term related to phase change. 

Energy equation for the fins 

:;T = %{f$ + la (“&- ;16 ($~_,i. 

(5) 

In the equations (2))(4), p, I_‘(‘, and i are defined as 
follows : 

p = (I --8)pp+q, (assuming p, = p,) 

P“ = (1 --E)PpCp+ (“-‘r’JPJs+YlPlcl 

1 = (1 --E)j.p+(E--,)j’F+Y,~,. (6) 

For buoyancy terms, b, and b,., in the momentum 
equations (2) and (3), the density inversion of water 
[9] is considered. 

Introducing dimensionless quantities, 

and dimensionless parameters, 
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we may obtain the following nondimensional equa- 

tions ; 

Continuity 

(7) 

Momentum 
(i) X-direction 

where 

(ii) Y-direction 

where 

Energy equation for the fluid 

*g +V.(i%) = ~v.(*VH)+S,, (10) 

where 



.Y = 0 

Energy equation for the fins 

The volutnctric liquid fraction. ;‘,_ in a control vo,umc 
undergoing phase change can be evaluated using the 
following iterative expression [lOI : 

.(L I 
CJ” -(I,,,, 

I I = ;‘;‘$ , ~_(, W(S,,),,Il. (13) 
I~,, 

with limitations cxprcsscd by equation (I 3). 

0 < 7;" ' < i:. (13) 

The value of li in Ihe third term on the right hand side 

of equations (8) and (9) can bc cvaluatcd from the 
next equation. 

,\ _ >;: (, ___:,)J.(, ;.,)‘ ;>,t, ( 14) 

In the expression (14). we adopt the Kozcny~-Carman 

model [I I] for Ihc pcrmcability bccausc ;I n~axin~un~ 
Reynolds nutnbcr (=t/. (u+r‘)’ ‘,I,) is small. about 
6.0. under conditions in the present stud). 

The initial conditions arc SCI at 

T = 0. I’ : I = 0. (1 = 0. ;‘, = 0 

(in the cntirc region) (15) 

and. Chc boundal> conditions arc listed in Table I. 
whcrc II, stands for Ihe tcmpcraturc of the tins and il 

can bc evaluated from equation (I I). The non- 
dimensional temperature, 0. on the hot wall is set at 
unity except for a calculation, whose results are shown 
in Fig. 2, in which measured values are input as the hot 
wall temperature in the calculation and the calculated 
results are compared with experimental ones. 

The velocity of a perfectly-solidified control \olutnc 
will1 ;‘, = 0 must vanish. This is aulomaticallq 
accomplished since the value 01‘ K bccomc\ infinttb 
(see equation ( 14)) for ;I, = 0. and the Darcy term 
(resistance to the fluid flow) also becomes inlinity. 
resulting in Lcro velocity in the control volutnc. as i5 
seen from equations (X) and (9). The nondimensional 

governing equations were &crcttLcd based on the 
SIMPLER algorithm [ 121 with the pober law fot- the 
convective terms, and they were solved itkratively. 
Detailed numerical procedures can be seen in rcfs. [I?. 
131. The calculation was iterated at the same time-step 
until the following criteria were satisfied : 

(i) Ibr the vclocitics. 1 and I 

(ii) for Lhc tcmpcra1urc. 0. and the \;olunictric liquid 
fraction. ;‘,. 

(tit I and. for the dimenstonlcss trcsidual ma\h-~~~ttt~cc 

[I?]. h. 

;h(/../)! < IO (IS) 

wt1etY 

/I(/../) = (I j, -~ 1 ,.)A) + (I., I’,,)A.ic. 

In Ihc above cxprcssion. A.\’ and A Y stand for- non- 

dimensional lengths of a control volume in Ihe .A- and 
I.-directions. t-cspectively. The subscripts w, e. s and n 
mean \SWL-, USI-. south- and north-side cOntt-(~t-~OlttmC 
facts. rcspectivcly. 

I’rcliminary calculations wcri‘ performed lo detcr- 
mine the number of meshes. For (i, of 0 and IX0 . 25 
(l-direction) x 25 (J.-direction) and 30 Y 40 non- 
uniform mesh-systems for the half region 01. the 
elcmcntal region in Fig. I(b). beca~~sc of symmetry 01’ 
the phenomena, wcrc cxamincd. Since the diffcrcncc 
bctwccti the calculated results is ccl-y small. c.=. at 
T = 0.014 Ihc tnclting fraction. K. was 0.497 for the 
30 x40 mesh and 0.510 for the 15 x 15 mcbh. the 
25 x 75 mesh system was used for 9 ol‘ 0 and I80 
considering computational cxpcnsc. For ci, 01 00 
30 x 20 and 40 x 30 tnesh system\ w’crc used I;II- prc- 
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FIG. 2. Comparison between calculated and experimental results for the case with the conducting fins: 
(a) interface shapes and (b) melting fractions. 



limlnal’~ calculatioll~. and tk! 30 % 20 mesl1 system 

\I,;I\ chmcn (at i = 0.01 8. the \aluc of R was 0.505 for 

Lhc‘ 30 A 20 rn~Sl1 s\stwl and 0.490 lo1- tl1c 4) .30 

mcsl~ system). The inucmcnl of Cmc. AS. \I a changed 
from I .O x IO 10 7.0 > IO ’ tiurins the calculalic~ni 

3. RESULTS AND DISCUSSION 

3. I (‘oul/xl~~isoil o/ ulrl~lc~r~ilYrl rc~srrlt.c tm/ l~\-~~l,c’r.il,,c’tlfrll 

OIIC’.\ 

To check the \ alidity of the prcscnt nunwical al- 

culationa. nuincrical results iincte~- scveixl conditions 

SCI’L‘ comp~~rcd with cxpcrimental ones. An cxamplc 

i\ shm n in Fig. 2. The condirions arc a$ li~llows : 

At I = 0 s : T = ‘r, = - 2. c:. I > o : 7;, + 20 (‘ 
/., = 0. I 111. I., = 0.05 Ill 

matorial of the lins : bras5 

thickness of the fini : ri = 0.003 11, 
particlcs : glass beads with diameter. tl. of 0.0 I :! m 
Huid : pure \+ater. 

With these conditions the L;IIUC~ 111‘ important non- 
dimensional paranictcrs beconic a5 Ihllou 5 : 

R,,,, = 9.07 x IO”. I’, = 9..36. /I,, = 4.01 Y IO >. 

i: = 0.391. rj = 5.41. ;, = 237.1. (S,_)\, ~~ 0.31. 

Ah csprcsscd bclhre. 5incu /i, ( z -0.67X964520 ‘< 

IO ‘) is used :I& the thermal expansion cocflicicnl 
in the detinition 01‘ Ravlcigh number. R ,,, iI has ;I 

ncgativc WILIC. 
Vow. Fig. 7(a) shows 2 comparison 01‘ timcwisc 

variations 01‘ intufacc shape, anti Fig. Z(b) tllat 01‘ 
mclting fraction\. 

The hot wall tompcraturc in the cxpcrimcn~ could 

not bc set at the prescribed wluc. 7;, = 20 (‘. at I =- 
0 s. taking about two minutes to reach the \;IIuc. So. 

in the calculation the meastircd \ aluc ~12s u~d a5 the 

ho1 \+,a11 tcmpcralurc. The calculated intcrfacc shapes. 

in gcncral. agec mell with the cxpcrimcntal one> 

obtained on pho(opraphs (a 1.1g. 2(a)). cuxp( in 
regions near the top insulated wall. The porosir!. L 

near the regions is larger than tl1;1t in other regions in 

the cxperiincnl so that lhcrc is more qu;tntily ~11‘icc lo 

bc nicltcd ~L’;II- the top wall. while in lhc calculaIion 

the pc~ros~ty is assumed unif~~rm and isotropic in the 

cntirc region for simplicit). The agrcenvznt ofthc knelt- 
inp fractions (Fig. 2(b)) is also good although thcrc 

cxijts sonic dilTercncc due to the facl mcntioncd 

abo\c. Flgurc 2 ih an cxamplc for which thy largest 
ditfercncc bctwccn calculated results and cxpcrimontal 

mcs V,;LS obscrlcd in the preliminary runs. In othw 

cxamplc calculations with sirnplcr condition\ than 
that I’<>r the cast 01‘ Fig. 7. l.c. the USC 0(‘ no pOrOlI~ 

pa’ticks (put-c \v:1tct- only) anti [IlC CLlbC ~~1111 ~111~1l1 

glass beads (tl = 3.9 mm: I‘or which natural con- 
\cction was \cry weak). the agrecm~nt or the results 
L\ ;I, fail-Iv flood. C‘onsidcring lhc many assumplions . h 
mactc in the calculalion5 fat- simplicity. c.9. unifor-mit! 
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Insulated wall 

velocity field 

FIG. 3. Timewise variations of velocity and temperature fields in the case with the conducting fins for 
C$ j= 0‘ : (a) T = OBORO, (b) T = 0,OlOO and (c) T = 0.0243. 
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of the intcrfacc shape is small. As time proceeds. the 

circulation bccomcs stronger, and the melting ~C;II 
the top fin develops very quickly. as shown in Fig. 

5(b) at z = 0.0180. And, at this stage. convection cells 
due to thermal instability are observed above the bot- 
tom fin, and the cells enhance the melting there. In 
Fig. 5(c) at ;I late stage (T = 0.0336), the thickness of 
the melt above the bottom tin is considerable. 

Figure 6 shows the GISL with the nonconducting fins 
at T = 0.0180, corresponding to Fig. 5(b). Comparing 
the two figures. it is seen that the melting nc:ir the top 
tin is faster fbr the case with the conducting fins (Fig. 
5(b)) than the c;1sc with the nonconducting tin (Fig. 

6). But, the difference bccamc smaller with time due 

to thermal stratification near the top tin. Hence. the 

bottom conducting tin begins to play an important 

role for the hat transfer enhancement as time pro- 
cceds as shown in Fig. 5(c). 

For the case of the melting from above (Figs. 7(a) 
(c) : C/I = IX0 ). only wry weak natural convection i\ 

observed even for late stags since the melt layer is 
thermally almost stable. ;und heat conduction is prc- 
dominant. Therefhre, the inter1Bce shape is very simi- 

lar to that for the 5olidiiication process [7]. Tho density- 
inwrsion region is lal-gcr than those for other oricn- 

tations of the hot &all (conipari~ the region hotuccn 

the solid:liquid intcrfaco and the isotherm 01‘ 0 = 0 2 

in Fig. 7(c) with those in Figs. 3(c) and 5(c)), but it 

still occupies only a small portion of the entire melted 

region. and thcrcforc it does not give II noticcablc 

cffcct on the How and tcmpcrature ticlds. 

From Fig. 8 for the case with the nonconducting 

fins cot-l-csponding to Fig. 7(b). it is seen that the 

thickness of the melt laycr below the hot SLU-LICC 
is almost the same as that in t;ip. 7(b) except WXI 
the fin surfaces. Since the melting is wry sIow Iht 

c/j = IX0 in the USC of the ~lonconducting tins. the 

cffcct 01‘ the attached conducting-tins on the ICI:- 

tt-nnsfcr enhxw2mcnt Inrgcly appc;~r-s. 

Figures ‘)(a)~-(c) show timcwisc variation!, 01‘ :I 
man Nussclt number over the hot nail for the cast 

with the conducting fins. (:\;M),, (solid lines). the sum 

of mean Nussclt numbers O\CI- the two tin suri~~_~a. 

(,\;u), (dashed-Tao-dotted lincx). ;IX ucll ~15 ;I mc;In 
Nuxsclt number over the hot u:III for the casz \\ith 

the nonconducting tins, ( YII),~ (daxlui lines), for com- 

parison. The definition of (N(r),, i\ 

LZ hcrc 

Taking fin-I (see Fig. I) as an example. the mc;~n 
Nussclt number over the fin surfilce is defined ;I\ iill- 
IWGS (heat flux flowing into the considorcd clcmcnt IY 

~!ssllmcd posi~ivc) ; 

LI’IlCIC 

Now, for the melting from bclou. ~1) = 0 (ITi?. 

9(a)). (;Xu),, for the caxc with the conducting lilt, 

(the solid lint) abruptly dccrc;~\~\ \cith Increasing t~nw 
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Fin-l 
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( , . _ _ ____ _____-- . . . ‘ .________-.\ 
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(Velocity field} (Isotherms) 

Fin-2 

= 

Fin-l 

Fin-2 

1.0 

(a) 

(b) 

Fin-l 

Fin-2 

FIG. 5. Timewise variations of velocity and temperature fields in the case with the conducting fins for 
4 = 90;: (a) T = 0.0030. (b) z = 0.0180 and (c) T = 0.0336. 



Nonconducting fin 

! 
I 

I- 
nonconducting fin 

(Velocity field) 

Nonconducting fin 

nonconducting fin 

(Isotherms) 

T L ?nLerfac 

Solid 

during Ihc curly st:~pes. and then incrcasc\. This 

increase is due to (he pencra~ion of many convection 

cells nbovc the hot wnll as shown in Fig. 3(h). The 

iimfitsc in (Xtr),, wcut-s carlicr and the increasing 

ra~c is smaller in comparison with the cast for the 

nonconducting fins (lhc dashed lint). This is bcca~ix 

Ihr the case with lhc conducting fins the cclla ahow 
~hc hot nail arc induwd by ~hc circulations along the 

fins during very e:trly sf;tgcs, ;rnti bccntnc st!‘ollg"i 

after the thickness of tht melt lalcr on the hot wall 

becomes targer and the Rayleigh number based on the 

thickness cxcccds a critical value. On the ohcr hand, 

in the case with ~hc nonconducting lins. LIIC onset o( 

the convection cells above the hoI witll is purcl?j due 

to the thermal instabilily in the mcit. 

The v:iluc of (Nu)~ ducrcascs during early periods. 

and lhcn remains almost consl;tnt for T > 0.0 I _ revcal- 
ing the ci%xtivcncss of the tins. The abrupt dccreasc 



Effect of orientation on the melting of frozen porous media 23 

Insulated wall, 

(a) 

Hot wall 
I ._________-- __-_. . - - . . . . . *_____________. . . . - . . . . . .._*_______-_-- - - . . . . . . . ,r_______--. _ _. . . . . . . . . ,-____.. _..... . . * . . : : . . . 
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Velocity field Isotherms 

FIG. 7. Timewise variations of velocity and temperature fields in the case with the conducting fins for 
C/J = 180”: (a) t = 0.0030, (b) ? = 0.0160 and (c) z = 0.0403. 



Insulated wall 

Velocity field ( 1 3 IscMle~ms 

of the conducling fins is changed with the orientation 

of the hot surface. Based on the results obtained th? 

conclusions itrc summarized as follows : 

conducting fins. and the broken lines the GISC vr ith the 

nonconducting fins. Fmn the figures it is sax that 

during T < 0.005 the values of Ii for rhc wxs uith thy 

~ondLi~lin~ fins (the solid lines) arc almosr Ihc s21nc. 

regardless of the orientation of the hot wall. and ~hc 

\alucs arc slightly Iargcr than those for the c;tsc with 

lhc nonconducting tins. As time proceeds. the balm2 

of X incrcascs linearly liar the melGng I‘ron-i hclow 

(Fig. I()(~~)) bccausc the convccrion cells ahovc ILL’ 

hot wall and rhc circulations along the fins impinge ;I 

lxgc sitrtitcc area on Ike solid~liyttid inlerfrtcc 2s 

shown in Fig. 3. For the mcltinp from ~hc side (Fig. 

IO(h)) the increasing rate of N is slighilr smaller than 

that in Fig. it)(a). For the melting from abow (Fig. 

Io(cjj it becomes ciuitc smzll at late stages. and the 

shapes of the CLII‘VCS arc wry similar 10 those ihr sol- 

processes. Comparing valiics of fitt 

Ihc with rhc and nunconduc@ 

it is that the is the for the 

lion1 below natural conwctiw 

the hot is wry and ii ihc Iwgcst 

~hc melting abovc bccausc condtrc~ion ii; 

Thus, the of the 

conducting tins very oltztrly the c;tX 

meltinp li-on1 

( 1 ) I-‘or the melting from bclo\h,. strottg circulations 

along the fins in-e gcncratcd, and Ihe mcltinp war {hi: 

fins is cnhunccd. cspccially near lhc tip of Ihc fins. 

Since thcsc circulations induce conwclion cells aho\c 

the hot surface. the onset of the fells is earlier ilh;m 

that for the cxx \vith tht: noncondttcting iins. 

(2) When the melting is initiitlcd from lhc stdc. ti‘i‘ 

nc;tr the upper conducring fin melts t'xtc~- than tlmt 

lip- the LXX with the ~lonc~ndLtc(iilg tins during carI> 

Limes. hul Ihe difference hccotncs smaller with incrwh- 

ing t~mc due to thermal stratitication. Vq sttwt~ 

con\~cctiol,-ceils gcnerated ;tbo\c the Iow~‘r itlii 

ductinp fin due to thermal in~~~tbi~it~ play an impor- 

tant role in melting ice. Thus, in this orientation ~71‘ 

the hot surlkce the lower conducting fin has it iargc 

cl%ct on an increase in the melting talc. 

4. CONCLUSlONS 

~~t~cttl~tti~ii~ wcf’c l-)crf~~rt~lc~l liw the mdting of ice 

in a porous medium surrounded by a finned surface 

and an opposing insulated surface. The effect of the 

orientation of the hot surface on the flow and tem- 

perature fields. on averaged Nusselt numbers over the 

hot and fin surfaces. and on a melting fraction was 

examined, Furthermore, comparing the case with 

nonconducting fins, it was shown that the efkctivcness 
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FIG. 9. Comparison of mean Nusselt numbers: (a) 4 = 0 , 
(b) d, = 90; and (c) 4 = 180’. W.C.F. : Withconductingfins; 

W.NC.F. : With nonconducting fins. 
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FIG. IO. Comparison of melting fractions: (a) (6 = 0 ‘, 
(b) q!~ = 90” and (c) 4 = 180‘. W.C.F.: With conducting 

fins; W.NC.F. : With nonconducting fins. 




