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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

i
Js

Nu, Nusselt number;

Pr, Prandtl number;

Re,  Reynolds number;

Sc, Schmidt number;

Sh, Sherwood number:

n. dimensionless coordinate;

¥, stream function;

g, dimensionless variables for intensive.
Subscripts

H, heat transfer;

ith component;
Jth component;

ij mutual value;
M, mass transfer;

0, interface or at zero temperature;
D, constant pressure;
oC. 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 values 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 [1,2].

This article deals with the determination of transport
coefficients 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 fiow in the case of
steady state.

The relations involve the following preconditions:

(1)velocity of flow 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:

LAY ()
ix  Cy

The equation of conservation of momentum:

u ;— + U e (2)
The equation of conservation for the jth component:
aN;

— j:l.z.“.,ﬁ. {3)

UC] éC}'
+:}-—— .
Bx &y dy

The energy equation:

aT T 32T & ON;
u—+va-——-ag< Zaujf-m]) j=12,...,n

dx dy ay? - = dy
4
where
k i
=— =, 5
ay e am, = (5)
The flux of the jth component can be expressed [3]:
id 6c,~ N )
Nj=—Z¢j;j"“, j=1.2 ..... . {6)
i=1 cy

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

_}7’:0, u=0, Ci = Cjo, T=Tb
v = vo(x) ™)
y = 0, Ll‘—“—Uw, Cj = Cjmpy T‘—'T,o
j=L2,....n

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

vo{x} Z Cio = Z Nj(xso}z
=1 j=1

and using equation (6):

Z Niolx}
=
35 el )
J=li=1 y=0

vo(x) = ~— Fa— . 8)
Z cjo
i=1
The system of partial differential equations can be

transformed into a system of ordinary differential
equations. Let us consider the following dimensionless

variable
¥ (U
6_2 vx

and the stream function

oy : i

U=—,

ay’ s

f\)

where

¥ = J(Ugvx) fln)

which satisfies the continuity equation.
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Introducing dimensionless variables for intensive
properties:

T-7
By =
Oy, =" j=12.n
Cj'l: —Cjo
so that dimensionless forms of equations (2)(6) are:
f =0 9
Z 5wt pify, =0, j=12..n (10)
and
O+ Y 0%, +Prfy = 0. {11
i=1
Boundary conditions:
=0, f=/fo, Oy, =0, 6g=0
fr=0 (12)

=2, fl=2 Oy =1 Bg=1,

and according to equation (8):

L3

fo=Y w0,

j=1

(13)

Choosing the kth component as a key-component, the
coeflicients of equations (10}, (11) and (13) are:

Ciw =Cio Pji .
Sy e——— ——_ j=12,....n
Choe —Cko v
C,w CJo
- c1
zj= Y oamdi. j=L12,....n
T TO:
n
¢ ¢ Zéii
jo — €0 i=1
W= — J=L12,....n (14}
zcxo
i=1
Cioo ™ Cj0 .
pj= ~—, j=L2....n
Choe ™ Ck0

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
into the first order system. The new variables are:

xy=f
Xy = f'
X3 = f"
Xaez=Hy,, j=L2...., n (15)
Xae3 =04y, j=L2...., n
X2pea =y
Xan+s =0y,
So the new system is:
Xll == Xy
X3 = X3
X3 = —XyX3
X’zﬂ.z = X2j+3. ] = L2....n
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X12j+3= X1 Z S;1X2i+3pi- j=1»2~---qn (16)
i=1

,
X2n+4 = X2n+s

n n
. - - -1
Xoan+s = Xy Z <j Z Sji Xz,-+3—PrX2,,+5>

=1 T i=1
where
-1
{sit = {siifhi=1 = 8}t =1-

Boundary conditions:

X1(0)=fo
X2;42000=0, j=12,....n
X2,+4(0) =0
X2, +4(0) (17
Xa(oc) =2
X2j+2(@)= 1. ] = 1.2 ..... n

Xap+al(X) = 1
where

fo= Y, wixz;+3(0).
j=1

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:

To
&x) = U
and
-(3)
o= €y/y=0
SO
rer L pn / v
Ex)=1f (O)V (;E;)
or (18)
t0 = 220 gy,

Due to the term of mass-transfer coefficient

The dimensionless relations describing mass transfer:

Shj(x) il X
m = i(l; SjiSCjix2i+3(0)>, j=12,....n (19)
where
‘!
SC}',' = 5:

Relations for heat transfer:

Nu(x) n
—= Can+ 5(0) + iX2i+3(0 20
V’[Re(x)] ‘}(Az +5(0) .'sz X2i+3( )> (20)
and the term of heat-transfer coefficient
_ 9
=71,

1119
where

g(x) = —k(£> + 3 Njij. (2n
&y Jy=0 <1
Asillustration 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{n) = x2
Xa(n) = x3
X3(1) = —Xx; X3
xa(n) = x;s @)
Xs(n) = x5
x5(n) = —xy(s7,' x5 p1+ 572 X7 p2)
Xs(n) = — x1{s11'Xs Py + 572 X7 pa2)
x10(m) = x11

x11(n) = x1{z1(s7 x5 +574x4)
+23(s78 x5+ 5353 x7) ~ Prxy; ]

where s; ' are the elements of the inverse of the follow-
ing matrix:
€200 —C10

¢11 ¢12
n 1 Cix —C10
{siflim1 =7 o e
2 —C10
$21 Pa——

Cie —C10

(23)

and
Cie—C10

.~ T, (am1 @11+ ap2021)

Z1 =

Coo —C20

T.— T, (am1 @12+ amz$22)

2=

24)
pi=1

C2a —C20
p2=———.
Cic —C10

Boundary conditions:

=0 x1=fo, xa=0. x¢=0, x30=0
X2=0
X4=1, x6=1, X10=1

n=oc, Xx;=2,

where

Jo = wix5(0) + wax4(0)
and

Ciaw—C10 G11+P2;
w; =
Cio+C20 ¥

Cax—C20 P12+ @22
Wy = .
C10+C20 v

The dimensionless equations are:
¢(x) = x3(0)Re ™ 3(x)

Sh,(x)

\/_-U(%-::_)] = $[5115€11x5(0) + 512 S¢12 x2(0)]
Sh

7’:12—%;2—)] = 4{s5218¢21x5(0) + 522 Sc22 x7(0)]
Nu(x)

JiReta] ~ X110+ 212500+ 22.x7(0))
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The system of equations (22) were solved with the

following data:
P = 1.0atm
R = 0.082 atm/K kmol
D,yc = 00476 m/h
D,p = 0.0575m/h
DBC = 0106m/h
Pr=0.704
Cpc = 0.248 kcal/kg®C
rso = 220kcal/kg
rgo = 597kcal/kg
¢pa = 0.36kcal/kg°C
cpp = 0.46 kcal/kg°C
C4 = 0.003 kmol/m?
Cg = 0.0048 kmol/m3
T =372K.

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

&(x) = 0.332Re"'?(x)
Shy(x) = 0.332Re'(x)Sc15
Sha(x) = 0.332Re!?(x)Sci?
Nu(x) = 0.332Re'"?(x)Pri?.
These equations do not take into consideration the

effect of injection caused by mass transfer.
For separating effects of injection and multicom-

(25)
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Table |
From From From
equation (22)  equation (22)  equation (25}
rolx) # 0 tolx) =0

-;(t—)—— 0.223 0.332 0.332
V[ Relx)] T T ’

Shl(x} -
—— 0.328 0.502 0.402
VIRe(x)}

Sha(x)
_ 0.303 0.648 0.305
[Relx)]

Nutx) 0.095 0.148 0.296
v[Relx)] ' ' -

ponent transport, we also solved equations (22) under
condition ro(x) = 0.
Comparisons of the results are illustrated in Table 1.
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EFFET DU SOUFFLAGE DANS LA COUCHE LIMITE A PLUSIEURS CONSTITUANTS

Résumé—On présente un modéle permettant de déterminer les coefficients de transport dans une couche

limite & plusieurs constituants le long d’un interface plan avec transfert simuitané de chaleur, de masse

et de quantité de mouvement. Les équations du modéle ont été résolues par une méthode de quasi-

linéarisation. L’utilité pratique de la méthode et sa rapidité sont mis en évidence. Les études numériques

sur les coefficients de transfert adimensionnels ont montré que les effets de la diffusion des constituants
ainsi que du soufflage produit par le flux massique a l'interface ne sont pas négligeables.

DER EINBLASEFFEKT BEI MEHRKOMPONENTEN-GRENZSCHICHTEN

Zusammenfassung— Es wurde ein Modell entwickelt zur Bestimmung der Transportkoeffizienten fiir den

Fall gleichzeitigen Wirme-, Stoff-und Impulsaustausches in Mehrkomponenten-Grenzschicht strémungen

entlang ebener Grenzflichen. Die Gleichungen des Modells wurden mit Hilfe der Methode der

Quasilinearisation gelost. Die praktische Eignung der Methode, die sehr schnell zum Ziel fithrt, wird

demonstriert. Die rechnerische Untersuchung der dimensionslosen Transportkoeffizienten zeigte, daB der

EinfluB der Mehrkomponentendiffusion sowie des Einblasens infolge eines Massenstromes an der
Grenzfldche nicht vernachlassigbar ist.

BJAUAHUE BAYBA B MHOIOKOMITOHEHTHOM TIOI'PAHUYHOM CJIOE

Anmotamus — [Ipeacrasnesa modens ONA onpelesieHHs KO3DOHUHEHTOB NEepeHOCa B Cliy4ae COB-
MECTHOTO MepeHoca Teljla, MacChl H KOJIHYeCTBA ABMKCHHA B MHOTOKOMIIOHEHTHOM MOrPaHHYHOM
cJ10€ Ha TUIOCKO# rpaHHLle pa3fena. Y paBHEHHS I8 MOIE/H PElieHbl METOAOM KBa3H/IHHEAPDHIALIHH.
TMoka3aHo, YTO AaHHLIR MeTOA MO380AET GLICTPO H JIErKO BHIIIOJHATH pacyersi. Pacuersi Gespas-
MepHBIX KO3HpHLUEHTOB NEepeHOca MOKa3a/iH, YTO BIAMAHHEM MHOTOKOMIOHEHTHOH muddys3uH, a
TaKkxe BIHAHHEMBAYBa 3a CYE€T MaCCOBOro pacxoJa Ha NOBEPXHOCTH pa3feNla, Hejb3s NpeHeGpeys.



