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Abstract-A model for determining transport coefficients in the case of simultaneous heat. mass and 
momentum transfer in multicomponent boundary-layer flow along a flat interface has been delivered. 
The equations of the model were solved by the quasilinearisation technique. The practical utility and 
rapidity of the method is well illustrated. The computational studies of dimensionless transfer coefficients 
showed that the effects of multicomponent diffusion as well as injection caused by mass flux at the 

interface are not neglectable. 

NOMENCLATURE 

coefficients defined in (5); 
specific heat; 
concentration: 
diffusivity ; 

function : 
enthalpy ; 
heat-transfer coefficient; 
thermal conductivity: 
mass flux ; 
total pressure: 
heat flux; 
heat of evaporation; 
universal gas constant ; 
temperature: 
velocity; 
velocity; 
variables defined by (15): 
coordinate; 
coordinate; 
diffusivity ; 

density: 
dynamic viscosity; 
kinematic viscosity; 
friction coefficient: 
shear stress. 

Dimensionless variables 

IVU, Nusselt number; 
Pr, Prandtl number: 
Re, Reynolds number; 
SC, Schmidt number; 
Sh, Sherwood number: 

V- dimensionless coordinate; 

i. stream function; 
8, dimensionless variables for intensive. 

Subscripts 

H, heat transfer; 
i ith component; 

J, jth component: 

mutual value; 
mass transfer; 
interface or at zero temperature; 
constant pressure; 
bulk. 

INTRODUCTION 

THERE are a lot of technological processes where heat. 
mass and momentum transfer occur simultaneously 
between different phases. In connection with these 
processes, it may be desirable to know the vralues of 
transfer coefficients. As is well known, these coefficients 
depend on each other. The problem becomes compli- 
cated when the phases contain several different com- 
ponents [I. 23. 

This article deals with the determination of transport 
coeficients in the case of multicomponent boundary- 
layer flow above a flat interface. 

The equations of the model can be solved by the 
quasilinearisation method. In this way, the dimension- 
less form of the transfer coefficients can be expressed 
as in the case of two components. 

As a result. the computational studies of this model 
show the effects of multicomponent diffusion as well 
as the injection caused by mass transfer at the interface. 
According to the numerical results, it is clear that these 
effects are not neglectable. 

The convergence of the numerical procedure proved 
to be rapid in the practical view. 

MATHEMATICAL MODEL 

The model can be derived by the use of balance 
equations of momentum, heat and mass transport for 
two dimensional laminar boundary flow in the case of 
steady state. 

The relations involve the following preconditions: 
(1)velocity offlow has a potential function, (2) density 

of fluid is constant, (3) intensive properties of fluid 
(temperature and concentration) are constant in the 
bulk as well as at the interface. (4) other properties of 
fluid (viscosity, heat conductivity and diffusivity) are 
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considered at the average values of intensive properties 
as constant, (5) dissipation is neglectable and (6) 
chemical reaction does not occur. 

The equation of conservation of mass : 

su su --f--= 
sx i”Y 

0. 

The equation of conservation of momentum: 

(1) 

au su c12U 
u,-t-o;-= v,, 

ax uy cy- 
(2) 

The equation of conservation for the jth component: 

acj dCj arj, 
uix'vqY= -yq j = t. 2. . . . , n. 131 

The energy equation: 

j = 1.2,. . , n 

where 

(41 

k 
aH=-v 

ij 

PC, 

aMJ = --. 
k 

(51 

The flux of thejth component can be expressed [3]: 

Nj=-f: +ji$* j=l,2 . . . . . n. 6) 
i=l 

Respecting assumptions mentioned before, the bound- 
ary conditions are: 

Y=O, U=O* Cj=CjO, r=Te 

v = I;&) 

u= u,. T = T, 
(7) 

Y = “0, Cj = Cjmr 

j= 1.2 ,...,?I. 

The component of velocity of flow in the Y direction 
can be determined by the flux at the interface: 

and using equation (6): 

Y=O 
(81 

c 'Jo 
j=1 

The system of partial differentiat equations can be 
transformed into a system of ordinary differential 
equations. Let us consider the following dimensionless 
variable 

and the stream function 

ati (71 

u=sl” r=-z 

where 

$ = J(& vx) ..I+/) 

which satisfies the continuity equation. 

Introducing dimension& variables for intenstvr 
properties : 

T- T, 
HH = ~ 

T, - To 

CJ-CjO 
0,3f,==-. 

cj, 
j=l.2 . . . . . n 

- c,o 

so that dimensionless forms of equations 12)_16) are: 

.f”” +.ff”’ = 0 (4) 

i$l sji&, + pj_t%, = 0. i=l’ ._...., n (IO) 

and 

Boundary conditions : 

9 = 0. f = fb. th, = 0, c&j = 0 

f’ = 0 (12) 

t7= z, f’= 2, (&,=I. OH= 1, i-1.2 ,,,.. n 

and according to equation (8): 

f0 = f r$‘j@&,(O]. 
j=1 

(13) 

Choosing the kth component as a key-component. the 
coefficients of equations (lo), i 1 I) and ( 13) are : 

Cim -GO 4ji 
sjj = e_ 

Ckcc -QlJ v ’ 
j= 1,2,...,n 

cjo - cjo jl *ii 
,vj = ~- 

” 1’ . 
j= 1,2,...,n (14) 

-Y cio 
i=i 

Cja, - CjO 
pjsp3 j=t.2 . . . . . n. 

ck, - CkO 

SOLUTION OF THE EQUATIONS 

This boundary value problem can be solved numeri- 
cally by the quasilinearization method [4]. For the sake 
of this solution. we transformed the system of equations 
mto the first order system. The new variables are: 

.;;:; ., 

.Yj = f” 

X2jCl =UM,3 j = 1.2.. ..n 

lczj+ 3 = O&j, j = 1.2.. . . n 

Xzn+J = UH 
XZn+ j = @H. 

So the new system is: 

.u; = X2 

.x; = ,X3 

x; = -.X1.Y3 

X$j+z = _U*j,3* j = 1.2 . . . . . n 

tI5) 
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n 

x;j+ 3 = -Xl C Sj'XZii3Pi. j= 1.2 ,..., n (16) 
i=l 

&I+* = X2n+5 

xi.+5 = XI c ,$, zjii, SJT1X2i+3-PrX2n+5 
) 

where 

{.Sjil)~,j=l {Sjl)y,j=1 = {6ji}1,j=,. 

Boundary conditions : 

X*(O) = fo 

X,?j+ 2(O) = 09 ,i = 1.2 . . . ..n 

XZn+4(0) = 0 

xz(cc)=2 

X,?j+z(cC) = 1, .i = l.?.....n 

x1”+‘%(X) = 1 
where 

” 
f0 = 1 H’jX2jA3(0). 

j=l 

where 

+ i N.ij i=l J . (21) 

As illustration of the model. these relations were applied 
to a gas flow consisting of three components, one of 
which is inert. 

Let us consider the component with index 1 as the 
key component. So equations for the case of three 
components are : 

xi(a) = x2 
x'2bf) = x3 

Now this split-boundary value problem can be solved 
by the quasilinearization method directly. 

DETERMINATION OF TRANSPORT COEFFICIENTS 

Using the solution of the system described above, 
we can express the relations among the dimensionless 
forms of transport coefficients for the multicomponent 
system. 

The friction coefficient characterizing momentum 
transport is : 

5(x) = -$ 
J 

and 

SO 

or (18) 

t(s) _ x3(o) Re-t;2 
4 

(XI. 

Due to the term of mass-transfer coefficient 

kj = 
N. 

I. j= 1.2 . . . . . n. 
CjO - Cjar 

The dimensionless relations describing mass transfer: 

Shj(.X) 
y=+ 
v’[Re(x)l 

i SjiSCjiXZi+3(0) , j= 1,2,....n (19) 
i=l 

where 

SCji = +. 
'1 

Relations for heat transfer: 

(17) G(V) = -x1 x3 
Xk(?) = x5 

and the term of heat-transfer coefficient 

xi&) = x, 

x;(q) = -x,(.~;IIxsp,+ss;:x?p*) 
x\(q) = -x~(s;~x~p~+.s;~x,pz) 

xio(q) = x11 

Xil(tl) = xl[zlK-IIx5+s;21x,) 

(22) 

where sJ;’ are the elements of the inverse of the follow- 
ing matrix : 

{Sji}?,j=l = i 

(#) &2$_2e 
11 

P -cl0 

: I (23) 

4 
c2cc -cl0 

21 dJ22------- 
Clr -cl0 

and 
Cla. -cl0 

Zl =y-$4fl~ll+aM2~21) 
cc 0 

22 = fp3%M1412fhf2$22) 
Lx 0 (24) 

Pl = 1 
c2a-c20 

p2=-. 
c1cc-c10 

Boundary conditions: 

‘1 = 0, x1 =fO, x4=0. x6=0. x,0=0 

x2 = 0 

q=cc. x2=2, &, = 1, x6 = 1, x10 = 1 

where 
f0 = fi'lXdO)+w2X7(0) 

and 

CloC -cl0 411+$21 
Wl =- 

c1o+c20 1 

CZX -c20 912 +422 
w2=--. 

c1o+fc20 v 

The dimensionless equations are: 

c(x) = fx3(0)Re-‘!2(x) 

h(x) = 40 
To-T,. 

Sh(xi 
~ = f[~llS~llx-slo)+sl2SC12X7(0)] 
JWWI 

SMx) 
____ = f[S21 SC21 ~5(~)+~22~~22~7(~)] 
J[M--41 

Nub) 
JPWx)I 

= 4[X11(o)+zl xm+r2 x,(O)]. 
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The system of equations (22) were solved with the Table 1 
following data: 

P = l.Oatm 

R = 0.082 atmiK km61 

From From From 
equation (22) equation 122) equation (251 

L’O(_Y) # 0 L.,](l) = 0 

D “c = 0.0476 m/h 

D AB = 0.0575 m/h 
DBc = 0.106 m/h 

Pr = 0.704 

C,c = 0.248 kcal/kg’C 

rRO = 220 kcal/kg 

rBo = 597 kcaljkg 

c Pa = 0.36 kcal/kg”C 

cps = 0.46 kcal/kg”C 

CA = 0.003 kmol/m3 

Cg = 0.0048 kmol/m3 

T = 372K. 

-__ 
S(S) 

v’[Re(x)] 
0.223 0.332 0.332 

Sh,(.u) 
- 
v’[ReL~l] 

0.328 0.502 0.402 

Shzb) 
v’[Re(x)] 0.303 0.648 0.305 

iVU(X) 

,i [Re(x)] 
0.095 0.148 0.296 

ponent transport. we also solved equations (22) under 
condition ro(.x) = 0. 

Comparisons of the results are illustrated in Table 1. 

These results are compared with the results given by 
equations for a two-components system where one 
component is inert [5]. 

t(x) = 0.332Re”‘(x) 

Sh,(.x) = 0,332Re”2(x)Sc:$3 

Sh2(x) = 0.332Re”‘(x)Sc$i3 
(25) 

Nu(x) = 0.332Re”2(x)Pr1 ‘. 

These equations do not take into consideration the 
effect of injection caused by mass transfer. 

For separating effects of injection and multicom- 
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EFFET DU SOUFFLAGE DANS LA COUCHE LIMITE A PLUSIEURS CONSTITUANTS 

R&sum&On prtsente un modkle permettant de diterminer les coefficients de transport dans une couche 
limite j plusieurs constituants le long d’un interface plan avec transfert simultane de chaleur, de masse 
et de quantitb de mouvement. Les equations du modele ont itt resolues par une mkthode de quasi- 
lintarisation. L’utilitt pratique de la methode et sa rapidit& sont mis en tvidence. Les ttudes numCriques 
sur les coefficients de transfert adimensionnels ont montrt que les effets de la diffusion des constituants 

ainsi que du soufflage produit par le flux massique a I’interface ne sont pas n&ligeables. 

DER EINBLASEFFEKT BE1 MEHRKOMPONENTEN-GRENZSCHICHTEN 

Zusammenfassung-Es wurde ein Model1 entwickelt zur Bestimmung der Transportkoeffizienten fiir den 
Fall gleichzeitigen W&me-, Staff-und Impulsaustausches in Mehrkokponenten-Grenzschicht strijmungen 
entlang ebener Grenzfllchen. Die Gleichungen des Mcdells wurden mit Hilfe der Methode der 
Quasicnearisation gel&t. Die praktische Eigung der Methode. die sehr schnell zum Ziel fiihrt. wird 
demonstriert. Die rechnerische Untersuchung der dimensionslosen Transportkoeffizienten zeigte, dal3 der 
EinfluD der Mehrkomponentendiffusion sowie des Einblasens infolge eines Massenstromes an der 

GrenzfIache nicht vemachl&sigbar ist. 

BJ-IMIlHME BAYBA B MHOI-OKOMlIOHEHTHOM l-IOl-PAHMYHOM CJ-IOE 

Anwm- IlpencTaBneHa MOLleflb Iuln 0npeneJIeHIU K0*HuHeHTOB nepeaoca B cnywe COB- 

Mecrnoro nepenoca Tenna, Maccbl H KOiIHWCTBa ABiiIKCHHII B MHoroKoMnoHeHTnord 110rprllrHnH0~ 

cnoenanno~KoR rpa~sue pasnena. YpaBHerwr annM0iwuiperuekudMeTonoM KB~~IIJU~~~~~P~~~BIUSH. 

nOKa3aH0, WO ABHHbia MeTOA lTO3BOJlBBT 6uc~po H AerIC BbIIIOnlWTb paC'IeTb1. PaC'leTbI 6e3pa3- 

MePHbIX KOZ+o#tHUHeHTOB IlePeHOCa llOKa3WlH, YTO BIIlEUIEeM MHOrOKOMTIOHeHTHO~ AH&$Y3HH, a 

TaKnce BnnnHHehtf3nyBa 3acqeTMaccoB0ro pacxonaHanoBepxHocM pa3xe.na, Henb3n npeEW@Zvb. 


