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Abstract--Numerical results are reported for the influence of the direction of the interphase mass transt'cr 
on the rate of mass transfer in "gas-liquid" systems. It is shown that this influence is significant when the 
diffusive resistance of the liquid phase is negligible. When the diffusive resistances in both phases are of 
the same order of magnitude the effect is weak. In all cases the intensive mass transfer from the gas to the 
liquid results in an increased rate of mass transfer compared to the resuhs of the linear theory The chaugv" 

of direction of mass transfer has the reverse effect. 

1. I N T R O D U C T I O N  

RECENI"LY it was shown [1-4] that  in the presence of  
intensive mass t ransfer  the kinetics of  mass transfer  
exhibits effects which canno t  be described by the linear 
theory of  diffusion in boundary  layer approximat ion .  
A non-l inear  theory of mass t ransfer  was therefore 
developed and applied to study the systems "solid-gas 
(liquid)" [1, 2] and "gas-l iquid'  [3, 4]. It was also 
known that  the direction of  the intensive mass transfer  
influences the rate of  mass transfer.  The purpose of  
this brief  is to report  results f rom the numerical  study 
of  the influence of  the direction of  the interphase mass 
t ransfer  and its relat ion to the non- l inear  effects in 
gas liquid systems. 

2. T H E  M A T H E M A T I C A L  M O D E L  

The rate of  mass t ransfer  in gas- l iquid systems [3- 
5] can be expressed by the rates of  mass t ransfer  in 
the gas and the liquid in the form 

J =  M k l ( c l o - X c 2 o )  = L - I  I i  d x  

= M k : ( c l , ) / X - c 2 0 )  = L - I  12 dx (1) 

where 

M D L p *  ( ~ c , h  (2a) 

*' -pr,7 ,,eT/,=0 

, ,  = - M D , ( ~ : ~  . (2b)  
- - k ~ V / , . = 0  

From equat ions  (1) and (2) one can readily' express 
the Sherwood numbers  for bo th  phases as 

Sit  Oa) 
~ =  D ( = - I , T , ,  c , o Z X c 2 ,  ~ \ ? y / ,  ,, 

S h ,  = : . . . . .  - , - D .  < , / x - < . 0  ,, ~;i- =, d , .  (~b~ 

Therefore.  to determine the overall rate of mass trans- 
fer J, one has to find the concent ra t ion  dis t r ibut ions 
c~ and c, in both  phases. This problem will be solved 
in the boundary  layer approximat ion  as in refs. [1-3]. 
In the coordinate  system described in these papers the 
m o m e n t u m  and the convective diffusion equat ions  

have the form 

?u, ?u, Pzu~ 
u, ~ -  + r ,  _ _  = v, - .  ,- ,  x > 0 .  v > 0  (4a} 

( 'X ( t '  { V -  

?u~ &'l 
..... + =  = 0 .  . v > 0 . 3 ' > 0  (4b) 
( X  (' t' 

&'l ~ci ~:c[ 
u, : - - + t ' ~  = -  = D ~ : - - ~ - .  x > 0 .  v > 0  (&) 

~.v cv cv- 

u _ , ~ + v ,  : . - - = v 2  . 7-, x > 0 ,  y > O  (4d) 
( x  c : c) ' -  

f u :  &' ,  
- - - +  ~ :  = 0, .v > 0. y >  0 (4e) 
c~x cy 

?c ,  ?c~- ? : c ,  
u.  v : + r _ ,  ~ - = D z : - ~ ,  x > 0 ,  > 0 .  (4 f )  

c x  cr  t3"- 

The boundary  condi t ions for the system of  non- 
linear partial  differential equat ions (4) are similar to 
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NOMENCLATURE 

c molar concentration of the absorbed 
substance 

D diffusivity 
I local mass transfer rate at the phase 

boundary 
J overall mass flux at the phase 

boundary 
L length of the phase boundary 
k mass transfer coefficient 
M molecular mass of  the absorbed substance 
u local velocity component, parallel to the 

phase boundary 
v local velocity component, normal to the 

phase boundary 
x coordinate, parallel to the phase boundary 
y coordinate, normal to the phase boundary. 

Greek symbols 
# dynamic viscosity 
v kinematic viscosity 
p density 
X Henry's constant. 

Subscripts 
far from the phase boundary 

0 beginning of the phase boundary or 
fluid density in the absence of 
absorbed substance 

1 gas 
2 liquid 
k 1 or2 .  

Superscript 
* at the phase boundary or equilibrium value. 

the ones described in refs. [1-3], but in this case the 
non-linear effects in the liquid phase are considered 
negligible following the results [4]. If this effect has to 
be taken into consideration, it can be shown that the 
above equations are not valid for the gas phase. Thus 
one has 

u, = u l 0 ;  x = 0 ,  y > 0  (5a) 

u_, =u20;  x = 0 ,  y < 0  (5b) 

cl = c l 0 ;  x = 0 ,  y > 0  (5c) 

c,_=C:o; x = 0 ,  y < 0  (5d) 

uz = u , o ;  x > O , y . - * ~  (5e) 

u2 = U2o; x>O,y - . - , -oe  (5f) 

cl = c t 0 ;  x > O , y ~ o ~  (5g) 

c: =c20;  x > 0 ,  y - - * - o o  (5h) 

ul = u l ;  x > 0 ,  y = 0  (5i) 

~.u, &u., 
/~, g--7=/~2--~-y; x > 0 ,  y = 0  (5j) 

MDI ~ct. 
vl = P~o Oy' x > O , y  0 (5k) 

v_, = 0 ;  x > O , y = O  (51) 

el = X c 2 ;  x > O , y = O  (5m) 

Dip* dcl _ ~c2  
= to2~fy ; x > 0, y = 0. (Sn) 

P*o &y 

To solve the boundary value problem, equations 
(4) and (5), where the partial differential equations 
(4) are coupled by the boundary conditions, equation 
(5), the following similarity variables are introduced : 

u, = 0.5Utoe,O'! (6a) 

 6u, 

cl = Clo-(Clo-Xc:o)Wl (6c) 

O, = Or(q,), WI = W,(q,) (6d) 

{U,o  °.' 
r/~ = ) ~ ~ x J  ; y > 0 (6e) 

u: = uzoe20': (6f) 

v_, = - "~ - (r/,0'2 - 0 2 )  (6g) 

c,_ = C2o + (Clo/X - c2o)u?: (6h) 

02 = O2(q,), W2 = W:(q.,) (6i) 
° - ,  

~/2 = --) '~4-~2x) ; y < 0 (6j) 

ek=(Sck) °'5, SCk=vJDk; k =  1,2. (6k) 

Substitution ofequations (6) into equations (4) and 
(5) reduces the boundary value problem, equations 
(4) and (5), into a two-point boundary value problem 
for a system of ordinary differential equations, defined 
on a semiinfinite interval 

O"[ + e ?  IO~O"t = 0, n > 0  (7a) 

• "t+e,Ot~'~ = 0, r/> 0 (7b) 

tF;'+2~_,- 'O20'.; = 0, ~ > 0 (7c) 

W'2+2e20:W'2 = 0, r />  0 (7d) 

O, = 0q"~, t /=  0 (7e) 

O't = 20,(e,/~,)O~, ~/= 0 (7f) 

iF, = 1 --~1"/2, q = 0 (7g) 

0_, = 0 ,  ~/=0  (7h) 

0'_; = --0.50,(ed%)20"t, q = 0 (7i) 

~F'2 = (X/eo)V'~, r /=  0 (7j) 
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Table  l 

X ~ o  = t ¢,3(o} = C , ( o )  X~;o = o ~,'_.(o) = o 

0 -&;(0) ,bdO) -,k'~{0l 4~d0) 

0 0.4510 0 0.7299 0 
--0. I 0.4603 0.04503 0.7852 0.07852 

0. I 0.4366 - (I.04366 0.6822 - 0.06822 
--0.2 0.4759 0.09517 0.8514 0.[703 

0.2 0.4264 --0.08527 0.6414 - 0 . 1 2 8 3  
- 0 . 3  0.4870 (I.1460 0.9324 0.2797 

0.3 0.4149 - ( I .1245  0.6054 - 0 .  I816 

c, = 1, % = 20, 0~ = 0.1, 0_, = 0.152, 4~z(0) - 0. 

Table  2 

X/c,o= 1 X < , = 0  

0 q~', (0) 4"; (01 ¢,,(0) ¢ ' , (0)  4,'; (0) 4 ' , (0) 

0 0.2161 1.304 0.6172 0.2138 1.304 0.9994 
- 0 . 1  0.2168 1.361 0.6032 0.2152 1.402 0.9993 

0.1 0.2153 1.250 0.6259 0.2129 1.220 0.9994 
- 0 . 2  0.2176 1.423 0.5961 0.2166 1.520 0.9993 

0.2 0.2147 1.199 0.6348 0.2118 1.148 0.9994 
- 0 . 3  0.2190 1.450 0.5831 0.2185 1.662 0.9992 

0.3 0.2141 1.153 0.6428 0.2107 1.084 0.9995 

g ~ =  1, t 2 = 2 0 .  0, = 0 . 1 ,  0, = 0.152, ~b'_,(0) = 0.25~',101, ¢':'(01 = 1.9x 
I0 44,' i(0), t/J_,(0) = I - ~ , ( 0 1 .  
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where 

O', = 2e7 ' ,  q --, zc 

W, = 0 ,  q---,~c 

O" = e ; ' ,  q - - * ~  

tF_, = O, q ---, zc 

0t = u:o/U,o (8a) 

0,  (~t i/,U2) (V i fV 2) -0"5 1.5 = (u ,0/u20) (Sb) 

0 = M(XO:o--Clo)/r(~tP*o) (8C) 

e, o = (p* ) - Ip*o (U~o /U ,o ) °S (O , . /D i ) °5 .  (8d) 

In terms of the new similarity variables the Sher- 
wood numbers have the form 

Sh l  = k l L / D ~  = - ( p * / p * o ) P e  °5 qJ'~(0) (9a) 

Sh,. = k , L / D ~  = - Pe°,. "5 W',(0) (9b) 

where 

Pel = u l o L / D i  (9c) 

Pe ,  = u,.oL/D2. (9d) 

The non-linear effects due to the intensive mass 
transfer influence the kinetics of mass transfer (the 
Sherwood numbers, respectively) through 

p?/p~% (10a) 

and the non-dimensional  local diffusive fluxes 

q~;,(0), k = 1,2. (10b) 

These quantities depend on 0, while the change of the 

(7k) direction of mass transfer is expressible through the 
(71) change of the sign of 0. The latter means that this is 

the only way for the direction of mass (ransfer ~o 
(7m) influence the rate of mass transfer. 

The solution of the boundary value problem, equa- 
(7n) tions (7), was carried out by the method [6], which 

is an improved version of the cont inuat ion shooting 
method [7, 8]. Some illustrative results are reported 
in Tables I and 2 and Figs. I-3. 

3. CONCLUSIONS 

These results show that if there is intensive mass 
transfer in gas-liquid systems, the change of the direc- 
tion of mass transfer influences significantly the rate 
of mass transfer in the gas phase when the diffusive 
resistance in the liquid phase is negligible, Otherwise 
these non-l inear effects are not observed. If the diffus- 
ive resistances in both phases are of comparable mag- 
nitude, the non-linear effects are present both in the 
gas and in the liquid, but in the liquid they are a 
consequence of the diffusion in the gas only, because 
the hydrodynamics in the gas influences weakly the 
mass transfer in the liquid. 

In all cases the intensive mass transfer from the 
gas to the liquid results in higher mass transfer rates 
compared to the data from the linear theory. The 
intensive mass transfer from the liquid to the gas has 
the opposite effect. 
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I N F L U E N C E  DU TIL-'kNSFERT DE MASSE A L ' INTERPHASE SUR LE FLUX DE 
MASSE--2 .  LE SYSTEME " 'GAZ LIQUIDE'" 

R~sum&---On rapporte des r6sultats num6riques sur l'influence de Ia direction du transfert de masse ~i 
l 'interphase sur le flux de masse transf~r6 dans les syst6mes "gaz-liquide". On montre que cette influence 
est significative quand le r~sistance diffusive de la phase liquide est n~gligeable. Quand les r+sistances 
diffusives dans les deux phases sont du m~me ordre de grandeur,  l'effet est faible. Dans tous les  cas le 
transfert de masse intense du gaz vers le liquide r6sulte d 'un  accroissement par rapport au cas de la th~orie 

lin6aire. Le changement  de direction du transfert de masse a l'effet inverse. 

EINFLUSS DES S T O F F T R A N S P O R T S  AN DER P H A S E N G R E N Z E  A U F  DIE 
G E S C H W I N D I G K E I T  DER S T O F F U B E R T R A G U N G - - 2 .  DAS SYSTEM 

GAS FLIJSSIGKEIT 

Zusammenfassung--Es  werden die Ergebnisse einer numerischen Untersuchung fiber den Einflul3 der 
Richtung des Stofflransports an der Phasengrenzfl~che auf  die Geschwindigkeit der Stoff/ibertragung 

-in einem Gas FliJssigkeits-System vorgestellt. Es zeigt sich, dal3 dieser Einflu6 dann bcdeutsam v, ird. 
wenn der Diffusionswiderstand der fli.issigen Phase vernachlSssigbar ist. Wenn dagegen der Diffusions- 
widerstand in beiden Phasen yon gleicher Gr613enordnung ist, wird der Einflul3 schv, ach. In allen F~illcn 
ffihrt der intensive Stofftransport vom Gas zur FI0ssigkeit dazu, dal3 die Geschwindigkeit der Stoff0ber- 
tragung gegcn~iber tier linearen Theorie zunimmt.  Eine Umkehr  tier Richtung des Stofl'transports hat den 

umgekehrten Effekt. 

B.rIH.qHHE HAHPAB.rlEHHY[ M A C C O H E P E H O C A  HA ME)K~A3HOITI FPAHHL[E H A  EFO 
C K O P O C T ~ - 2 .  C H C T E M A  " F A 3 - ) K H ~ K O C T b "  

Amaoraun---1-1paae~eau ~ac:lenM~ie pe3y~,raTh~ 14cc:le/loaaHuu B/IHaHHa HanpaBae.xa MacconepeHoca 
Ha ero cxopocrb B cHcTeMax "raa-acvalKoc'r~'. flpraaaHo, ~To aTo BnnanHe an:taeTCa cyulec'rBe.maM 
npH npene6pe~rIMOM ~2I, lq~y31,1OHHOM conporna.rte.Hn xmaro~  dpa3La. B cay~ae, ror~a  zlnd/~py3rtortmae 
conpoTrm~enRa o6et~x dpa,3 HMelOT o,araHaKOBmfi nopa~toK Be.rlHtlHHbl, yKa3aHHbll~ 3q~I~KT HeaHaqriTe.nen. 
Bo acex caysaax naTeltcrlaH~fi Macconepenoc o r  raaa x )rrlaKOCTn npnsoaHx r y~emtqeumo ero cKo- 
p o o r .  no cpaaHennm c peay;tr~TaTaMrt mlHe~rlofi TeopHn. HaMenenr~e rmnpaaaenaa Macconepenoca 

nprlao2IrlT r o6paTrlOMy 3qbqberTy. 


