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Nernst’s model (1904) for dissolution of solid in mixture
E. A. Moelwyn-Hughes, “The kinetics of REACTION IN SOLUTION,”
Second Edition, Oxford at The Clarendon Press.)

Diffusion .
layer NernSt:EJIEI L;;};'-%A
Liqu.id layer %ﬁ?ﬂgb-t[:\f:

n
a
Thickness of a diffusion layezfa = 0.03mm }
) “—
dn __Sdn _DSn.-n  Fick’s law
dt " Vdx V a

s nF[l— exp{— (DS /Va)t}],

where, n : concentration (molecules/cc), ny: equilibrium concentration ,
D : diffusion coefficient, S :area, V: volume, ¢ : time.

The thickness of a diffusion layer, @ , was determined by the results of a number
of experiment.

This somewhat fictitious thickness (i.e., very thin thickness) is a physically
improbable result ?

The melting rate has not yet theoretically determined although many years have
passed.
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(2% 3wk - Sugawara M and Beer H (2009) Numerical analysis for
freezing/melting around vertically arranged four cylinders, Heat Mass
Transf 45:1223-1231)

Phoenics DOXELHEAO—FE (== 7 /1,Ver.2006, = (3.19)H)
%(rp¢) +div(rpVg) —rT,gradg) =S, + S,
EAE OK) EiRAE OK) @ 2F3 7T 5 & & O3B R
ot of, .. o
E(PC,zT)JrV'(pCNT) =V-(kVT) - ph; EJF(C[ C,) P (ofT)

f, xmmExsRL, LE1-1) 2EMAXERT.

FZL R 2T A Ao AV B0 X 5 RIRAMOMELD & 5 (CREE (DTF>0) 65T
sk - AR % & L TR AT B (T D) |, T RREIRE,  h AR LA,

R bz
f, =0, T>T, f, =0, T >DTF
T,-T T-T
f =P _DIF<T<T, fo=1-—", T, <T<DTF
DTF DTF
f, =1, T <-DTF fo =1, T<T,

DIFRZ0. 1C 5 1 COFPFHANLE E L.
FZAL SO IXEAE & 4 E (mushylk) 50T, E#ERICHEEI 2R TE 2% (ClItRE
THO-1062 5 REMEEH525) .

F.=C-f,-u, F,=C-f-v
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bench mark tests

m
w

-~ =/ Temperature, aC Velocity, m/s

Seybertb[l]@éé.%ﬁ 1.000000 5.000000 3.126E-4

0937500 4.375000 2.931E-4

!f‘i%&@ttﬁ" —-I-ﬁ ¥ 0.875000 3 Seradt i

0.:812500 3.125000 2.540E-4

o j 2:759000 2.500000 | 2.345E-4

(7]” z"ﬁ r_ 5 C) 0..687500 1.875000 2.149E-4

N 0625000 - 1.250000 . 1.954E-4

0..562500 I 0.625000 1.758E-4

0::500000 0.000000 1.563E-4

X#k1: Seybert CD, Evans JW sy ~0.625000 1.368E-4

. -1.250000 1.172E-4

(2005) PIV measurements of g'g;gggg -1.875000 9.769E-5

. . . -2.500000 7.815E-5

velocity of water in the presence of 0.187500 4 138608 e =
. . . 0.125000

ice and comparison with calculated 0.062500 i o

values, Int J Heat Mass Transf 2e000000 -5.000000 1.10E-11

48:67-73

FS (solid mass fraction)
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SticklandS[2]D EERFE R & bench mark tests
D LLEETE (INEmE
5°C, }nfﬂﬁ 2 10°c>

Fs Temperature, oC Velocity, m/s
1.000000 5.000000 0.001081
QFIE %'I s, t 1800 S 0.937500 4.062500 0.001014
0.875000 3.125000 " 9.461E-4
| 0.812500 | 2.187500 | 8.786E-4
X . © 0.750000 = 1.250000 ~ 8.110E-4
j(fﬁkz :Stickland MT, Scanlon T, I 0.687500 ~ 0.312500 ~ 7.434E-4
: : 0.625000 . -0.625000 . 6.758E-4
MacKenzie J (2007) An experimental R g o ety
investigation of natural convection 4:500000. -2.500000 24074
. e . . ) . 0.437500 -3.437500 4.731E-4
with solidification in a differentially 0.375000 -4.375000 4.055E-4
. 0.312500 -5.312500 3.379E-4
heated cavity, Int J Heat Mass Transf 0. 250000 ~%.250000 2 70384
T 0.187500 -7.187500 2.027E-4
50:36-44 0.125000 -8.125000 1.352E-4
0.062500 -9.062500 6.758E-5
sk hﬁjﬁﬁ L/ :. L \ 0.000000 -10.00000 8.19E-11

5°C -10°C
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FS Temperature, @C Velocity, m/s

1.000000 10.00000 0.001564

0.937500 8.125000 0.001467

“ -4 0.875000 6.250000 0.001369
um— 4.375000 | 0.001271

liﬁl:l t_ 4OOS 813§§333 2.500000 | 0.001173
| 0.687500 ~ 0.625000 1 0.001075

0.625000 -1.250000 9.777E-4

0.562500 -3.125000 8.799E-4

0.500000 -5.000000 7.822E-4

0.437500 -6.875000 6.844E-4

0.375000 -8.750000 5.866E-4

0.312500 -10.62500 4.889E-4

0.250000 -12.50000 3.911E-4

0.187500 -14.37500 2.933E-4

0.125000 -16.25000 1.955E-4

0.062500 -18.12500 9.777E-5

0.000000 -20.00000 6.27E-12




FS Temperature, 2C Velocity, m/s

1.000000 20.00000 0.006796

0.937500 18.75000 0.006372

0.875000 17.50000 0.005947

0.812500 l16.25000 | 0.005522

' 0.750000 15.00000 | 0.005097

= _ 0.687500 |1 13.75000 |1 0.004672
pﬂﬁﬁ t=1550s | 0.625000 - 12.50000 _ 0.004248
0.562500 11.25000 . 0.003823

0.500000 10.00000 0.003398

0.437500 8.750000 0.002973

0.375000 7.500000 0.002549

0.312500 6.250000 0.002124

0.250000 5.000000 0.001699

0.187500 3.750000 0.001274

0.125000 2.500000 8.495E-4

0.062500 1.250000 4.248E-4

0.000000 -1.940E-9 5.31E-12
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oA O : Present numerical results
e :London and Seban [7] .
a : Sui and Zheng [ 8]
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F& Temperature, =C Velocity, m/s

1.000000 1.000000 0.008000
0.937500 0. 625000 0.007500
0.875000 0.250000 0.007000
0.812500 -0.125000 0.006500
0.750000 -0.500000 0.006000
0.687500 -0.875000 0.005500
0.625000 -1.250000 0.005000
0.562500 -1.625000 0.004500
0.500000 -2.000000 0.004000
0.437500 -2.375000 ©0.003500
0.375000 -2.750000 0.003000
0.312500 -3.125000 0.002500
0.250000 -3.500000 0.002000
0.187500 -3.875000 0.001500
0.125000 -4.250000 ©.001000
0.062500 -4.625000 5.000E-4
0.000000 -5.000000 2.578E-9
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x-y plane (z=0.5L2)

. 000000
. 937500
. 875000
. 812500
. 750000
. 687500
. 625000
« 362500
. 500000
.437%00
+ 375000
. 312500
. 290000
.187500
. 125000

IKEK D 3DRLFE
Validation(Hao®

D AR RER
ASM E(2001)V0| 062300

123:937-950¢ revpecacuse, o X2V plane (z=0.5Lz)
L8R

0000000000000 0C0OO0OM

. 749923
.499%845
. 249767
.9996%0
.749612
. 499533
249457
.999%380
. 749302
-49922%
.249147
. 999%07%0
. 748992
0.498915
0.2488137
-0.001240

CQOMMMMUNNRNNUWLUUWUS

Velocity, m/=
0.011336
0.010628
©0.009919
0.009%9211
0.008B502
0.007794
0.007085
0.006377
0.005668
0.004960
©.0042%1
0.003543
0.002834
0.002126
0.001417
7.085E~4
3.61E-10




t=0s (before melting)

FS e
(e000000)
.937500 -~
.875000
.812500
.750000
.687500
.625000
.562500
.500000
.437500
.375000
.312500
.250000
.187500
.125000
.062500
.58E-15

ol
MG S

B OO0 000000000000 O0OH

Temperature, @C
10.00000
.372159
.744318
.116477
.488636
.860795
. 232955
. 605114
. 977273
.349432
.721591
.083750
.465909
.838068
. 210227
.582386
-0.045455
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FS t=0s (before meltlng)

.000000
.937500
.875000
.812500
.750000
.687500
.625000
.562500
.500000
.437500
.375000
.312500
.250000
.187500
.125000
.062500
.47E-16
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Temperature, oC
10.00000
9.372159
.744318
.116477
.488636
.860795
.232955
.605114
.977273
.349432
.721591
.093750
.465909
.838068
.210227
.582386
-0.045455
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