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RESÜWO 

Aplicando-àS teoria ca necãnica do contínuo de ,ntfs_ 

taras binaries de fluidosnewtoniancs ir.corrpressíveis, estudou-se 

escoamentos tipo Poiseuille e Couette com fins de verificar se 

ocorre difusão es tais escoamentos. Constata-ÍS que a difusão 

não ocorre no caso Couette. Entretanto en escoamento Poiseuille 

há diferenças significantes entre as velocidades dcs eonstituin 

tos da mistura. Este resultado mostra-se plenamente concordante 

corr, aqueles de flills para misturas similares às composição não 

uniíorir.a..(0üldbt) 

ABSTRACT 

Using the continuum theory of binary mixtures of 

incompressible Newtonian fluids, Poiseuille and Couette flews 

are studied with a view to determining whether diffusion recurs 

in such flows. It is shown that diffusion is -~bsant in the 

Couette case. However, in Poiseuille flow there are significant 

differences between the velocities of the species comprising 

the mixture. This result is in broad agreement with that of .Mills 

.'or sirilsr fixtures cf nonuniform composition, (yw^j^^t.) 



1. Introduction 

It has been established that the three coefficients 

cf viscosity of a binary mixture of 5r.cc^pressible Newtonian 

fluids can ba determined in flc/.'s viLhout diz fusion and can then 
'11 

be utilized for cases where the relative-velocity is not zero* . 

It is therefore of great interest to fcterniis in which visccraetric 

f-lc.vs diffusion does not occur to a significant extent. These can 

lb en ba used to determine the aforementioned coefficients of 

viscosity. 

Tn this paper we consider four classical viscorírtric 

flows: planar Couette, circular Couette, planar Poiseuille, and 

circular ?oiseui]le flovs. Assuming constant composition, the 

velocity of each species of the binary fixture is determined in 

each of those four flow confie-.:/: itions. Co -oar i :.;on is ;:.~de vita 

the r^iults of Mills for sirijir ;:ixt..;rz3 of -Oj:uni rorm 

composition 

2. Equations of notion 

lis cons ider a b inary mixture of incompressible 

Kevtor.isn f l u i d s of uniform composi t ion. The steady balance 

equa t ions of resss and l i n e a r ro.-r.entuin rray be wr i t t en as 

- a •. - - J. , 2 

: e "v . v = r .T + m + c t b , Í (2) 
i c -ri ~s -a - 3 a c.~â ; 

vvh-re v denotes v e l o c i t y , c ma te r i a l d e n s i t y , e vo lumetr ic 

f r a c t i o n , T s t r e s 3 t e n s o r , m i n t e r n a l body fo rce , and b external 

body fo rce . The s u b s c r i p t a denotes the spec ies ft. Since the 

rr-aterials of the spec i e s a re fnconpre^s ib le arid the f i x t u r e 

ccmoosition i s uniform, we note t h a t both r rsid z a re 
a a 

constant. Clearly, 
2 
I * «1. (3) 

a=l a 

As the sur-iTtition of the linear momentum balance equation of 

the species should give the corresponding equation» for the 

mixture, then 

http://5r.cc


i.e. nu =» - m - m , say. 

We assume that the only external body force acting on the 

fixture is that due to gravity. Then, 

b =* 5* et * 1,2. (5) 

(l) 

Following Sampaio and Williams , we write the 
constitutive equations for the stress tensors of the species as 

"£l ' ' P^ + 2Pj^v* + 2u3?v* , (g) 

?2 = " P 2 ~ + 2 l i4 V-l + 2y2yY2 ' {7) 

where 2 . ,, , ,a» 
y = e'n + £(l-e)n12» (8) 

P 2 =* (l-e)
2n2 + e(l-£)n12, (9) 

V3 * V4 " e(1_e) Ü12 (9a) 

"l2 * ^1^2' * (10) 

Here, p denotes an indeterminate pressure, n and n2 denote the 
viscosi-cy coefficients of the fluids in the unmixed state. The 
superscript s denotes the symmetric part of the tensor. 

For n, we use the form developed by Struminskii 
for binary mixtures of gases ' 

„ « P i e „ 2 + p2(l-X)M- 5 ~ (Yl - Y2>'
 (11) 

where K is the Boltzniann constant, d denotes absolute tenperature, 

M molecular weight, and D.2 binary diffusion coefficient. 

3. Couette flows 

Consider unidirectional horizontal flow between 

two infinite parallel plates, a distance 2L apart. Let there be 

no externally imposed pressure gradient and let one of the planes 
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move at a speed V in the horizontal direction, the other plate 
16) 

remaining stationary. The equations of notion reduce to 

d*v l x 
ay l x icf Vlx * * V + b K 2 ]]• 

'2x " K7 v l x + ^ 2 * * M 2 ' 

where 

(12) 

(13) 

(14) 

(15) 

v. and v are velocity components in the horizontal direction, 

y is the vertical coordinate measured from the plane midway 

between the two infinite plates, and 

A = 

B » 

V 
2L 

V 
2 

fKl+K2l 
K K 2 j 

VK?1 
K 1 K 2J 

Plp2 "a 
" V2 + W, ] 
, * ^ ., e(l-c) 

K9 

12 _"1M2 
u,y, + yl 

3. 
iplM2 " P2M1* E + P2M1 

(16) 

P1P2 D 
K6 

K2 = 
12 

MX + v3 

V 2 - V3. 
c(3-c) 

(plM2 " P2 M1 ) E + P2M1 

(17) 

The solution of equations (12) and (13) subject to the boundary 

conditions 

is given by 

y - -L, v J x - v2x - 0, 

y • L' vlx ' v2x * v' 

(18) 

(19) 

(20) 

(21) 

Clearly, no diffusion occurs in this flow. 

Consider now unidirectional circular flow between 
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two vertical concentric cylinders» the inner one fixed while thi 
other rotates at an angular speed fi. Let the radii of the inner 
and the outer cylinders be nR and R respectively, where 0 <n <1. 
For this case» the equations of notion reduce to 

d'v dv. 

dr 
J± + i rii - lU . (K * K > v - * * r dr » 1 2 10 

AK.K M ^ K , 
+ — * £ r + — i _ £ , 0# (22) 

K Wt BK 
v • — —— v + — — r • • <** v26 Kx IB 2 r * (23) 

where v.. and v.» are velocity components in the azimuthal 

direction, and 

1-n'j I K1K2J 
(24) 

B * -mi V K2 
K1 K2 

(25) 

The boundary conditions may be written as 

r - nR, v i e » v 2 e - 0, 

r « R, v l 9 - v 2 Q - QR. 

(26) 

(27) 

The solution of equation (21) is then 

'ie (1-n2) * r > 
(28) 

and substitution into equation (22) yields 

As in the planar case, this flow takes places without diffusion. 
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4. Poisouille flow» 

Consider unidirectional horizontal flow between 
two stationary plates. Let the distance between thee bt 2 L. 
Assuming an external pressure gradient C, applied to both 
fluids, the equations of notion can be simplified to 

d*v lx (K, • K,) v 
ay r *ix 

CK.K.K-
1_2_1 va y -

(30) 

r2x K, lx 

CT2K3 CK_K,L2 

r * - * 3 (31) 

where 

K. 
(*1 - *3? (y2 - y3) 

K2* yl p2 ~ W3 J ^ ^ ^ 2 ~ y3* 
(32) 

The appropriate boundary conditions are 

y - -L, v l x - v 2 x « 0, 

y * L' vlx " v2x ' °-

(33) 

(34) 

The solution is given by 

vlx *i+K
2 

(v2 - n3) 
Kl * K2 K 1K 2K 3(y 1y 2 - n») 

f -tf-vqy + 4^?iqy 
1 -

. •KJ+KJ L + - •K1+K2 L 
e 

CK^K 3 ,..2_j 
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r2x 
w2 " u3 

Kl+K2 KiK2K3iUlll2 " M3* 

1 -
*i^r%'V*2y 

-•sq+K^L+ 4C][?iqL 

• c ) - (36) 

The occurrence of diffusion is clear fro» equations (35) and 

(36), depending in magnitude on several material parameters, 

pressure gradient, and channel width. 

We now consider unidirectional flow through a cir 

cular horizontal tube of radius R. Let there be an externally 

imposed pressure gradient C. The equations of motion reduce to (6) 

d * v w i d vi. -CK.K-K, 

— - * \ -sè* - {Ki • *»> vi - — i J L 1 r* • 
^-i r dr 1 2 1 4 

CK,R* 
+ _ | _ K I K 2 • « 3 

plw2 " H 
(37) 

r2z 

K_ CKJt.r2 CK,Ra 

Kx
 Vl* 4 4 V (38) 

subject to the boundary conditions 

n
 dvls . dv2z n 

dr dr 

r - R, v u - v22 0, 

(39) 

(40) 

the solution is given by 
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r l « 
*l + *2 

U2 ' »? JVfy 
' i V i «LL5L 

«•[«i * V* ] >[ fW r ] • 

C*1**2> Kl+ K2 I K l**2 

. V ?*?,» I* - !a-Ü2 
VaSj . 

(41) 

'2« 
. ! * Jii K, + K. 

.[(Ki * V *] 

x I . { (W r] * cf£* - rx 

, K 1 K 2 K 3 
* 4 (Kj+Xg) r2 -

CK,K 
—M »2 

(K^Kj ) 
1 3 ? - 1 ? ? a» 

K, • K, 4 " 

y 2 - »3 
u 1 y 2 - y 3 iJ 

b. (42) 

where I is the modified Bessei function of order zero and of 
o 

the first kind. Again, diffusion occurs to an extent which 

depends on fluid material parameters, pressure gradient, and 

tube radius. 
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5. Conclusions 

We have shown t. at for a diffusion - free flow of 

a binary mixture of incompressible Newtonian fluids, Couette 

flow, whether planar or circular, is to be adopted as a 

viscometric flow. This is for any apparatus dimensions and for 

any fluid pair. This is not the case for Poiseuille flow, 

planar or circular. These results are in agreement with those 
(2) of Hills who considered mixtures cr varying composition. 

Our work complements that of Sampaio and William, 

in that they showed that measurements in a none - diffusing 

flow are sufficient to determine all viscosity coefficients and 

we have established that Couette flows are such flows. They, 

rather than Poiseuille flows, suggest themselves as appropriate 

viscometric flows for binary mixtures of incompressible Newtonian 

fluids. 
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