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Reassessment on Numerical Results by the Continuum Model
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Abstract

In recent years there has been increased interest in the continuum model associated with the
solidification of binary mixtures. A review of the literature, however, shows that the model
verification was not sufficient or only qualitative. Present work is conducted for the reassessment
of continuum model on the solidification problems of binary mixtures widely used for model
validation. In spite of using the same continuum model, the results do not agree well with those
of Incropera and co-workers which are benchmark problems typically used for validation of
binary mixture solidification. Inferring from the agreement of present results with the analytic,
experimental and other model’s numerical results, this discrepancy seems to be caused by
numerical errors in applying continuum model developed by Incropera and co-workers, not by the
model itself. Careful examination should be preceded before selecting validation problems.
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Table 1 Computed cases for comparison between the present and previous results.
Numerical Numerical ) .
. Analytical Experimental
(Continuum mode) (Other models)
Bennon and
Case (b1) Chung et al."®
Incropera®
Case(b2) Christenson et /. | Zeng and Faghri®® Christenson ¢t al."®
Neilson and Neilson and
Case(b3)
Incropera‘® Incropera®
Braga and Braga and
Case(cl) . .
Viskanta®® Viskanta®”
Case(c2) WorsterV
Prakash and Voller?
Case(c3) .
Zeng and Faghri®®
N L
I
e |5 |a
N |
N
Case (bl)
Case (cl) Case (b2) Case (b3) Case (c3)
Case (c2) A
Fig. 2 Schematics of the physical models considered in the present study
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Fig. 9 Evolution of double diffusive flow pattern for Na,CO;-H,O solution in horizontal, cylindri-

cal annulus
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25 —0.01038 —0.00545 6.0x107° 4.4x107°
30 | —0.00818 { —0.00451 5.8x107 2.6X107°




A4 o] G FA N4 A A%}

o},
43 A& 2y ol2e Wl 2 el
t:l(_m
ol Abe! wlm, FHE=ZHE e 49 wol elghy
%L" 8} H # ¢l&=l+= Incroperas}t TEAF

el 29 75 Casebl), (b2), (b3)% 2e 2
9 Adtel R R HolE WAL, olol
Wl & ATsh vlad de 4eE(E, o 2

+ Mg FAAN =v AdAdS 28 4
Ao woh 2T ANE BT £ A
ol &

ol £ &halsty] S8 A

gAel = A4 Aol o]
A A, 49 w9 2l A8 44 A4

g wlmsigloh,

Axab-& w843 Case(cl) 9
of| 4] wWr{e ps
w o] A] 9 %ﬂﬂ
Bragao} Viskanta®e] Alalsie} 4% e
ATAAE 27152 w2t o4 FAE vlnshed
Table 3o vhebu] o] AL aln o Aue]
FabdshA E—“&— A&zt vlaste] Fig. 101
veblgden sidael AdARs F3] AHAAH,
Hegdon & AAFL o 4 ek, wlwe e
£ Y5t FA®A AAG Wse 2r)E W
3ted A3k

Case(c2) & HMFgtdodold Huex s FHL
5 ojAbo g 3t LA u HEE ) o

=
2 o] 7$+& Caselcl) 3+

‘;’
e
2
-4

Fig. 110l A A3l
7*49} 744 %zla}o# THE S i Ane

2es7) 98 Case(c3)ol

3935
3 A 1 LB ™3 -
o
o
- 25F ]
g
g 2t ]
ol i
S sk .
2
£ :
£
oSt ]
0 o
-2 0 2 4 6 8 10
Dimensionless Temperature, (T~ 7, )/(T, - T,)
‘(a) Liquid
0.4 v T A T T ™
[ o Exp?®
g 03t present ]
£
= b 5% %
g o2k s
Q . 7]
IS 10%
Ei i
E oaf ]
» 15%
0 - - - 4
-1 -0.8 -0.6 -0.4 -0.2 0
Dimensionless Temperature, (T~ T,)/(T, - T,)
(b) Mush

Fig. 10 Comparison of predicted and measured tem-
perature distributions during solidification of
NH,CI-H,0 solutions.
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Table 3 Comparison of the mushy zone thickness for Case(cl) of Table 1.

Co t Present Analytical (Braga and | Experimental (Braga and
[mass% ] [min] Viskanta®) Viskanta®)

5 500 50.8 50.5 48.0

10 540 33.8 33.2 32.0

15 540 13.3 i 13.2 13.0
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Table 4 Comparison of the mixture concentration for Case{c3) of Table 1.

Cuin[mass%]

Cmax[mass%]
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{c3.1) (c3.2) j (c3.3) | (e3.1) (c3.2) I (c3.3)
Present 0.094 0.094 0. 094 0.112 0.114 0.107
Prakash and Voller!® i 0.095 0.094 0.096 0.116 0.118 0.108
Zeng and Faghri"® ‘ 0.094 0.096 0.094 1 0.109 “0,110 1 0.105
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Fig. 11 Similarity solution of 1-D conduction solidifi-
cation assuming marginal equilibrium.
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