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Numerical Analysis of Solidification and Melting Phase Change Using
Modified PISO algorithm

K. G. Kang, H. S. Ryou and N. Hur

A numerical procedure for the calculation of solidification and melting phase change using
PISO algorithm 1s presented. In case of phase change problem, the coupling between
velocity/pressure/temperature and liquid fraction is important. The converged temperature and
liquid fraction solution which satisfies the energy balance is acquired by applying enthalpy
method into inner iteration in matrix solver. And a modified PISO algorithm version is introduced
to properly solve the coupling between velocity/pressure/temperature and liquid fraction. A
comparison of the proposed procedure with a standard iterative method shows improvement both
in terms of computing speed and robustness.

Key Words: PISO «¢312]&(PISO Algorithm), 53 (Solidification), & 3(Melting), %% 3HPhase
Change), A4 2 & (Liquid Fraction), A& €4 (Enthalpy method)
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Table 1 Physical Properties of Pure Gallium

Density (liquid), p [kg/m’] 6093
Reference density, prer [kg/m’] 6095
Reference temperature, Trer [OC] 29.78
Volumetric thermal expansion 12 10°
coefficient of liquid, 8 [V/K]
Thermal conductivity, & [W/m] 32.0
Melting point, T, [°C] 29.78
Latent heat of fusion, L [J/kg] 7 80160
Specific heat capacity, C [J/kg * K] 381.5
Dynamic viscosity, # [kg/m * s] 1.81 10°
Prandtl number, Pr 216 107
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step and the number of grid nodes.

4. x|l A &Anf
Al FaA wye
T & (rectangular cavity)ol A

‘“1‘“ & L K

oo g [
>
>
N

% oy y,
Hn Sw NL »a

LE2 A% ¢4 289 ¢4 £AE 2R
2 #ARHL FAFAY. €5 2EFES g

7F A3 {FAE 2078 OColA S22 AHo=
AP, AAAURE d¥Hoz FHE7 &
ojety HEAE FHEITE odopx B dFeA
t Gau 59 49 AIHi12l¢} vnE FHA
A9 ©FA4E AFen, Agd dndEFH
718 4 Eae] viug FIA, ALE FX
;A e AAH Fedd HEo eHEAHS
A A 3F AL Gt

Fig. 2 AXNIds RAAZAELE R
Fig. 2914, X = 889%m, Y = 6.35cm, Thot
38 OC, Tint = 283 OCZ Gaus 9 Ay =247
Edsith, 2E) B HA 2279 #HY
7} 100C A E(28.3-380C) 7] #&el 2 ¥H
7} Zolr 320C € W EAIZ dAFH
7HE A3, Table 1] A HoAJct EF A4
3 ag A BEAX Aole fivka sHEEA
t}. Fig. 29 #& &3] &Al9 ZA$ Stefan v
0.039, Rayleigh &+ 6 x 105 o]c}

&4 2 ¥ (Finite Volume Method)& ©| 43}
o] ojitztEtda, Wil *“?‘E*‘(upwmd
scheme)E Atg3tgch 3¥E L SIP(Strongly
Implicit Procedure) 38 ¥ S Ar&3tAdch
Pentium IV 14GB CPUE A}&3lH1, 48 7
20 g AXXZE Fig. 541 & veht 9ch
AAAE vAZdd AAASE AgEHed, A4
=EYA "H2EE & 59 F 3F AAAA o

=

st
2



A84A A|3%. 2003. 9

449 PISO g5 < o

N
E
S

10 min

O—

O

o
O

PISO
SIMPLE
O Experimental

Fig. 4 Comparison of melt fronts calculated by both PISO and SIMPLE
algorithm and experimental for the two-dimensional melting of

gallium

A SR AT Fig. 3 AAF g opx gt
AlZE AN A £ o WEE HAFE
T} Fig. 3227 H o £x0 daix SH4 &
vetd & Ade HA AAsE 76870 (32 x 24)
ds € 5 U

Fig. 4914 PISO €128F& AH&3 & me}
SIMPLE ¢12&FS AH8-3tdS W Azt w
2 AAARES 48} A e PISO
dugdFS AHEEAE de} SIMPLE ¥ uelF
S AHstle e FAARY AAE A9 A
ol7b it metA £ AFoA AT FAHA
o 71¥o] oig B8RS & F Atk FAHA
2o 534S s A vjus 2d, o)
AlZE ZxH el 7ol @ A= Holi glovt A
HhE ol Age wjd ulsdm, =3 1739 o)
FAARLE APA 9 A9 fAtstdh Fig. 49 2
FE BE FAHNA A= A9 NEAYS
Yetl=d olgjgd 42 gy U Ao
Z 8 FAHA AFdME o] 42 BF E
gt Fig. 5= A 24& 2938S 49 5§
CourantF=¢] W3l @& X AN AL F
¥ PISO ¢mgad w9 SIMPLE 4uF
g HE 22zt Jeld 2otk Z8 Courants
oef e Zo] £ Hx9 F¥Y ®olE B H
o}

o7 Mxe A
o dAE A } 7+
Courant-’i‘—t 2E AX

= Ra%} Pro] Fo)A W 4A 74]**54 §k 1.

Fig. 5914 PISO ¢ng & & AHL3HS F %,
SIMPLE ¢aElEFS AMR3IA S WET ALEA
7\l°] @A EoFS ¢ £ Uk =, AL
242 AA AAANNTDTE BopA g o
T A7 Aol E4E Fome A4S

é =
FandFlN 2T e

-

5. 28

e EEEE AHgSE FuAZow A
$ /b5 S#9Q A3 P PISO Y Fol
Mg b5 BHES AR AN PUS AL
sl Aere FARY PHe 2F g 2
Ao Agstel AFHAT, AL PPl oo
3 4% dse nedt 2o

(D) AUA FAYNA LEst AYE e T



20 & - H%A -3

SR AR T UK

4000

3500
] = T
& 25001 H
[}
E 20004
e
2 15004
o
O 1000

5007 KS\MA

0 — — )

—F

5 10
Local Courant Number

Fig. 5 CPU time as a function of local
Courant number, Cl

RYFAM Y ZEOPS AMEIHA &m, A
Ao EEIRAN BYY T AUE F
A oz BEL BESE 259 AYE LS
FAlel TRk

(2) PISO 219%3¢ 488 W, 53 3%
o4 2= 2 A42 e ¥4 HEE 44
Y3 pAYe) 99 2% Y 54 A 1
o £E, e, eE, A4E L AF4L PISO
el F) sk

(3) ALY FAHN BES 2EFY $a BA
of Hedtd 2 A7 SIMPLE 2nadZe 9
PISO ¢n#Fe a7k Aol 2A gz, 4
A% W SR AFES Uehith mepd 2
AFAA Atd FARY FYe BT ¥
S, WAL $59 ANA S §E3A
Aed & Aok
21

o

2 a7E Hr)eve Fohg AN sIE
Ao} 71eAAAY FFNALeE SRR
o ole] A Je A FASHUL

Zngs

[1] Lacrox, M. and Voller, V.R, “Finite
difference solutions of solidification phase
change problem: transformed versus fixed
grids,” Numerical Heat Transfer, Part B,
Vol.17, (1990), p.25-41.

[2] Morgan, K., ”A numerical analysis of

and melting with

freezing convection,”

Comp. Methods Appl. Eng, Vol.28, (1981),
p.275-284.

[3] Voller, V.R. and Prakash, C., "A fixed grid

modeling  methodology  for
convection/diffusion mushy region phase
change problems,” Int. J. Heat Mass
Transfer, Vol.30, (1987), p.1709-1719.

[4] Brent, AD., Voller, VR. and Reid, K.]J.,
"Enthalpy-Porosity technique for modeling

numerical

convection-diffusion phase change:
Application to the melting of a pure metal,”
Numerical Heat Transfer, Vol.13-1, (1988),
p.295-318.

[5] Voller, V.R., "Fast implicit finite-difference
method for the analysis of phase change
problems,” Numerical Heat Transfer, Part
B, Vol.17, (1990), p.155-169.

[6] Voller, VR. and Swaminathan, CR.,

source-based method for

phase change,”

Part B, Voll9,

"General
Nurmerical
(1991),

solidification
Heat Transfer,
p.175-189.

{71 Patankar, S.V., Numerical Heat Transfer
and Fluid Flow, McGraw-Hill, New York

(1980)

[8] Issa, RI, ”Solution of the implicitly
discretised fluid flow equations by
operator-splitting,” J. Computational
Physics, Vol.62, (1985), p.40-65.

[9] Oliveira, P.J. and Issa, RI, "An improved

PISO algorithm for the computation of

buoyancy-driven flows,” Numerical Heat

Transfer, Part B, Vol40-6, (2001),
p.473-493.

[10] oA, FFA, 2@, "PISO ¢ndFo
A GFdEe TP B i} AR

=2 A AR A F-8 3], Vol 7-1, (2002), p.1-9.
[11] Kurz, W. and Fisher, D.J.,, Fundamentals
of Solidification, Trans Tech Publications,
Aedermannsdorf, Switzerland (1989).
[12] Gau, C. and Viskanta, R., "Melting and
solidification of a pure metal on a
vertical wall,” J. Heat Transfer, Vol.108,
(1986), p.174-181.



