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Effect of the Velocity Suppression Techniques
for a Mushy Solidification on Steady-state Mushy Region
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Abstract

In the analysis of a mushy solidification system with natural convection using a fixed grid
method, the enthalpy method has been used to account for the release of latent heat. The
variable viscosity, Darcy source, and hybrid methods have been employed for the velocity
suppression in a mushy region. The choice of the values of solid viscosity and permeability
constant in conjunction with the Darcy source term plays an important role in forming the

location and shape of the phase boundaries.

In this work the effects of these major

parameters related to steady-state behavior in the system of mushy solidification are
investigated through a simple test problem. The effective specific heat based on the spatial
gradients of the enthalpy and temperature is adopted for the treatment of the release of latent
heat. The effects of the Prandtl and Rayleigh numbers on the shape of mushy region are

examined using the hybrid method.
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Table 1 Test problem data.
Hot wall temperature(C) Th= 05
Cold wall temperature(TC) T-=-05
Reference temperature(C) To= 05
Half mushy temperature range(TC) e= 01
Cavity dimensions{m) W, H=1
Density (kg/m”) op=1
Permeabhility  coefficient(1/m®) Ko=625 x 10*,625 x 10"
Specific heat(J/kg/C) c=1
Liquid viscosity(kg/m/sec) Hy=1
Solid viscosity (kg/m/sec) s = 100, 500, 1000, 2000
Thermal conductivity(W/m/<C) k=1
Coefficient of thermal expansion(1/C) B =001, 0.1
Gravitational ~ acceleration(m/sec”) g = 1000
Latent heat(]J/kg) L=5
Liquicus temperature(C) T, =01
Solidus temperature(TC) T =-0.1
Rayleigh number Ra = pigBc(T,— TOH*/uk
Prandtl number Pr= u;clk
Stefan number Ste = ¢(T,—7T,)/L
A (79 FAd WeE HEdd g g LU 4,0 :_@Q+P[a(_a~v)
) w g A & ° = oap ox ay ay ox \H ox (20)
o] wj x|t el what Hag WHeE FHA 3
()2 st B&S7)2 s + ay(u 8y)] ~ AProv+ RaPr(6-4,,)
du  dv _ 14\ 36, 36
ax Tay =0 (18) R ST )(”ax +vgy) (21
_ .2 (88\, a (a8
w, ,0u __ 3 =55+ % (%)
w ax " Vay ox (19)
+ Pr[a ( 8u>+ ~a—"< gu)]_ APr u
* y o 7]X Ra, Pr, 231 Ster Table 194 ¢}
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Fig. 1 Schematic diagram of the physical model.
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Fig. 2 Comparison of the present results with
those gf FIDA:}’, and Shyy and Chen
(Ra=10" ,Pr=10" Ste=02) (a) Variable

viscosity method ( #£5=1000) (b) Darcy
source method ( K,=6.25%10"* | ¢g=107).
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liquid
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Fig. 3 Shapes of mushy region for variable viscosity method (Ra=10"
exponential function)

linear function, ———— :

(d) £25=2000.

) d)
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(a) =100 (b) =500 (c) u=1000

44,1000 124=2000

L e W 0T
—— W 15 e W 7116
S} (&)}
Fig. 4 Flow patterns for variable viscosity method(Ra=10* , Pr=10" , Ste=0.2)
(-=—-~ . linear viscosity function, —————— : exponentlal vxscoqlty function).
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Table 2 Fraction of the solid and mush for Darcy source method.

K625 <107 Solid fraction I%%%E)};l Ks=625 x107" Solid fraction flg Léilkg;l
Ki=6.25%10°q=10" 0.489 0.201 Kp=625x10" q=10"* 0.495 0.199
Kr6.25x10°g=10 * 0.467 0.209 Ko=6.25%x10 ' q=10" 0.494 0.198
Ko=6.25%10"°q=10" 0.389 0.230 Kop=625x10" q=10"* 0.489 0.200
Ko-625%107q=10"* 0.328 0.244 Kp=625x107 g=10"° 0.468 0.209

Table 3 Fract104n of the solid and mush for Darcy source method with different values of g for

Ra=10", Pr=10" and Ste=0.2.

Solid fraction Mushy fraction Max. streamfunction
a Ki=6.25x10" | Ky=625x107 | K;=6.25%10" | Kp=6.25%107 | Kp=6.25x10* | Kyp=6.25x107"
10°* 0.3899 0.4940 0.2304 0.1984 2.053 0.878
107 0.3890 0.4940 0.2300 0.1984 2.070 0.877
10° 0.3889 0.4940 0.2296 0.1984 2.071 0.877
107 0.3888 0.4940 0.2296 0.1984 2071 0.877
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Fig. 5 Shapes of mushy reg@on for Darcy source
method (Ra=10", Pr=10°, Ste=0.2)
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Fig. 6 Flow patterns for Darcy source method
(Ra=10* , Pr=10° , Ste=0.2) )
(a)K0=6.25%10"°,g=10 (b)Kp=6.25x 10" g=10"
(0)Kp=6.25X 10" g=10 *(d)Kyp=6.25x10" g=10"*
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Fig. 7 Shapes of ml}lshy region for hybrid
method (RaZIO)2 Ste=0.2) 1
(a) Pr=1.49x10 (b) Pr=1.0x 10,
(c) Pr=10 (d) Pr=1.0x10
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