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Mass Transfer in Liquid Phase

~— Diffusion Probrem in Composite Media ~—-

Toshiharu SHiBATA  Masao Kuco

Abstract

A diffusion problem was discussed theoretically and numerically by a composite
model which was composed of two liquid phases, namely a limited length phase and a
semi-infinite length phase.

From the results obtained by solving the diffusion equations, the phenomena were
elucidated by a modification of the truncated Higbie type where the values of a is 0. As
« approaches unity, the increased rate of mass transfer may be calculated by the following

equation
W oc (1273 4Dy 1) C

rather than the Higbie theory (+=0.5).
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a=0 DPBAH D@ % truncated Higbie type DBIE &\ 5 X 5 7T, KA B2 B H
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Notation

A, B; constant

; surface concentration at x=—/ (constant)

a

C;; concentration

C; Laplace transformed concentration

. . . 0? 0 .
==, C*; partial derived concentration rrEa and ?%t respectively
D;; diffusion coefficient
fo; a kind of Fourier number defined by \/4D1t/l

Fo ; Fourier number {f0)?

; diffusivity ratio defined by 4 Di/Di

/; finite region depth

m ; distribution coefficient defined by Ci/Cn

&

p; parameter for Laplace transformation

q; N pID

t; time

W; total transfered solute (= Wi+ W) per unit area
W, ; transfered solute into { region per unit area

x ; coordinate

« ; dimensionless group defined by (6—m)/(c+m)

B; (Dugw)/(Digqy) or (=/1k)

av; average

i; region =1, II

I; finite region or region I

II; semi-infinite region or region II
x=-—0; =0 at region I side
function

2 (> .,
erfc x=-—"=\ e¢*%dé&
vz Je

o
i erfe x:g %71 erfe £d¢ n=1,2,3,
z
with ° erfc x=erfc x

ol

( =93 A oserfe
(IE)a,s = 2 ierfc Fo 2ierfc o

IR 1 2
e® lerfc x = ——=—x(e¥ erfc x)

T
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Appendix A fo— W correlation data

x = 1.0 X = -1.0

1/f0  (C),/C (mk+1)W/CL W /Cl W /CL (C)/C  (mkt1)W/CL W /Cl

0.1 0.499970 24.83337 24.83337 25.3333L 0.999930  5.58501 0.
0.2 | 0.499962 6.083355 6.083355 6.583325 | 0.999998 2.703925 0.
0.3 | 0.499992 2.611123 2.611123 3.111115 | 0.999122 1.69375 0.
0.4 | 0.499999 1.39583  1.39583  1.895829 | 0.982849 1.13522 0.
0.5 | 0.499975 0.833348 0.833348 1.333321 | 0.931253 0.764368 0.
0.6 | 0.499561 0.527998 0.527998 1.027559 | 0.853899 0.511598 0.
0.7 | 0.497362 0.344857 0.344857 0.842219 | 0.762676 0.341417 0.
0.8 | 0.49142 0.228245 0.228245 0.719669 | 0.650809 0.227625 0.
0.9 | 0.480735 0.151608 0.151608 0.632343 | 0.621410 0.151507 0.
1.0 | 0.465626 0.100517 0.100517 0.566143 | 0.562235 0.100503 0.
1.1 | 0.447257 0.066302 0.066302 0.513559 | 0.512240 0.066300 0.
1.2 | 0.426950 0.O043415 0.043415 0.470365 | 0.469950 ©.043415 0.
1.3 | 0.405878 0.028176 0.028176 0.434054 | 0.433930 0.028176 0.
1.4 ] 0.384910 0.018100 0.018100 0.403010 | 0.402975 0.018100 0.
1.5 | 0.364634 0.011497 0.011497 0.376131 | 0.376122 0.011497 0.
1.6 | 0.3454505 0.007214 0.007214 0.352619 | 0.352617 0.007214 0.
1.7 | 0.3274507 0.004470 0.004470 0.331877 | 0.331876 0.004470 0.
1.8 ] 0.310705 0.002383 0.002383 0.313088 | 0.313439 0.002383 o.
1.9 | 0.295296 0.001646 0.001646 0.296942 | 0.296941 0.001646 0.
2.0 | 0.281118 0.000977 0.000977 0.282095 | 0.282095 0.000977 0.
3.0 | 0.188061 0.000002 0.000002 0.188063% | 0.188063 0.0000 2 0.
5.0 | 0141047 0.141047 | o.1y1047 o

5.0  0.112838 0.112838 ' 0.112838 0

X = 0.5 % = -0.5

1/f0  (Cy /C  (mk+1)W/C1  Wp/CL w /c1 (C0),/C  (mk+1)W/CL Vg /CL

0.1  0.850085 13.95257 10.46443 11.31452 0.980875 7.01929 1.75482 2
0.2 | 0.754339 L4.788895 3.59167  4.346009 | 0.959592 3.197635 0.799409 1

0.3 | 0.693172 2.33702 1.752765 2.445937 | 0.931927 1.8813L4  0.470335 1

0.4 | 0.650458 1.32699  0.995242 1.645700 | 0.890494 1.19673  0.299182 1

0.5 | 0.617952 0.815888 0.611916 1.229868 | 0.833495 0.781400 0.195350 1.
0.6 | 0.590917 ©.523891 0.392918 0.983835 | 0.768082 0.515691° 0.128923% ©
0.7 | 0.566096 0.343%997 0.257998 0.825094 | 0.702%24 0.342277 0.085569 0
0.8 | 0.541385 0.228090 0.171068 0.712452 | 0.641078 0.227780 0.056945 O.
0.9 | 0.515923 0.151583 0.113687 0.629610 | 0.586261 0.151532 0.037883 0.
1.0 | 0.489782 0.100513 0.075385 0.565166 | 0.538086 0.100507 0.025127 ©
1.1 |"0.463503 0.066302 0.049726 0.513229 | 0.489169 0.066302 0.016576 O.
1.2 | 0.43%7700 0.043415 0.032561 0.47026) | 0.454662 0.043415 0.010854 O.
1.3 | 0.4512891 0.028176 0.021132 0.434023 | 0.423877 0.028176 0.007044k O.
1.4 | 0.389426 0.018100 0.013575 0.403001 | 0.396423 0.018100 0.004525 O.
1.5 | 0.367506 0.011497 0.008623 0.376129 | 0.373250 0.011497 0.002874 ©.
1.6 | 0.347208 0.007214 0.005410 0.352618 | 0.350814 0.007214 0.001804 O.
1.7 1 0.328525 0.004470 0.003352 0.331877 | 0.330759 0.004470 0.001118 0.
1.8 | 0.311389 0.002383 0.001787 0.313176 | 0.312755 0.002383 0.000596 O.
1.9 | 0.295707 0.001646 0.001234 0.296941 | 0.296530 0.001646 0.000412 O.
2.0 [ 0.281362 0.000977 0.00073% 0.282095 | 0.281850 0.000977 0.000244 O.
3.0 | 0.188061 0. 00002 .0.000002 0.188063 | 0.188063 0.000002 0.000001 O.
4.0 | 0.141047 0.151047 | 0.141047 0.
5.0  0.112838 0.112838 0.112838 0.

W /Gl

999930
999998
999122
982849
931253

853899
762676
690809
621410
562235

512240
1469950
433930
402975
376122

352617
331876
282095
188063

L1047
.112838

W /CL

735695
. 759002
.4,02262
.189676

028845

.897005
.787893

698022
62414y

.563213%

5057145
;65516
430921
400948
37612y

352618
331877
313351
296942
282094

188064
151047
112838
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Appendix B

ppO CO0O0OTC OOO0OCO0 0OOOO 0OO0OQOO

Ca.,/C

943675
887902
833232
780154
729093

680422
634416
591269
551098
513934

479749
448450
41990k
395082
390378

24,9011
320642
312072
296119
281606

188062
41047
112838

a-c/m and -

R - A B R

(mk+1)¥/CL

9.39644
3.86609
2.09480
1.26064
0.798572

0.519788
0.343137
0.227935
0.151557
0.100510

0.066302
0.043015
0.0281%6
0.018100
0.011497
o]

007214
0.004470
0.002383
0.001646
0.000977
¢}

. 000002

Wy /CL

™
1.

1.04740

O 00000 00000 0OOOOQO OO

69822
933045

630320
399286

259894
171568
113968
075778
050255

033151
021708
014088
009050
005748

003607
002235
001192
000823%
000488

000001

1+«

------- ~ correlation data
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