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AaaOTaqH9--PaCCMaTpUBaeTCK TWieHUe KaIIeJIbHOti *UHKOCTU C III?peMt?HHOtt BR3KOCTbIO B 

IIJIOCKOM H KOJIbqt?BOM KaH&'KiX, Wpe3 ItOBt?pXHOCTU KOTOpblX BIIPbICKUBaeTCR UJIU OTCBCbI- 

BaeTCfI IKH~KOCTb. nOJIj%?HO pNlleHU‘2 ~UH3MUYeCKOi U TtVIJIOBO~ 3aJitl'i fiJlH CJIyYaH, HOWa 

Te'leHUe 06yCnOBneKO HaJlUWieM IlpOAOJIbHOI'O rpa@iI?HTa AaBJEHUR U ABUHWIiUeM 0AHOi-i A3 

IlOBepXHOCTdi KaHana. 
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NOMENCLATURE 

thermal diffusivity ; 
constant ; 
resistance coefficient ; 
pressure ; 
dimensionless pressure ; 
dimensionless pressure which causes 
the flow to separate ; 
P&let number ; 
dimensionless blowing parameter ; 
radial co-ordinate; 
internal and external cylinder radii, 
respectively ; 
temperature ; 
longitudinal and transverse velocity 
components ; 
surface velocity; 
Cartesian co-ordinates ; 

‘drl 
=QRe 7 s 

0 
1 

=QRe z; 
s 

distance’between plates ; 
Reynolds number. 

Greek symbols 

dimensionless transverse co-ordi- 
nate ; 
kinematic viscosity ; 
kinematic viscosity at the fixed sur- 
face ; 
dimensionless kinematic viscosity ; 
dimensionless radial pressure 
gradient ; 
fluid density. 

1. INTRODUCTION 

FLUID flows between two porous surfaces have 
been the subject of a number of works [I, 2, 
etc.] in which all physical properties of the fluid 
were assumed constant. 

In the present paper the solution of the 
Navier-Stokes and energy equations is pre- 
sented for two cases of liquid flow : between two 
permeable plane parallel surfaces, and in an 
annulus between two coaxial cylinders. The 
fluid viscosity is assumed to depend on tempera- 
ture. As to the other liquid properties (density, 
thermal conductivity, etc.), they are assumed 
constant because of their weak dependence on 
temperature. 

2. PLANE FLOW 

We shall consider a liquid flow in a plane 
channel of height h, formed by two permeable 
surfaces. The flow is initiated by the motion of 
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one surface with the constant velocity U and 
longitudinal pressure gradient. It is assumed 
that the liquid is injected (or sucked) through 
the lower surface at a rate constant along the sur- 
face. The velocity components and temperature 
are assumed to depend on the co-ordinate y only. 
Then it follows from the continuity equation 
that u = const. throughout, and the problem 
is reduced to integration of the set of equations 

dT d2T 

vdy=ady2 

(2) 

(3) 

with boundary conditions 

t.4 = 0, T = Tl at y=O 

u = U, T = Tz at y=h (4) 

The solution of the set of equations (I), (2) 

(a) Velocity distribution in a plane channel with different values at’ 
pressure gradient. 

I. P = -5; II. P = 0; III. P = $-5. 
1. QKe = + 1.4; 2. QRr = 0; 3. QRr = -1.4; 4. QRe = 0; 
Tl = r* = 50°C. 

(Curves 1.2,3 correspond to temperatures of plates T1 = WC, T, = BOY?. 

(b) Velocity distributions (solid lines) and temperature (dashed lines) 
in plane channel with porous walls without longitudinal pressure 
gradient. T, = 50°C in all cases. 

I. QRr = + 1.4; II. QRe = 0; III. QRe = - 1.4. 
1. T* = WC: 2. r, = 50°C; 3. r, = 20°C. 
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and (3) may be written in the following dimen- 
sionless form 

U exp ~(49 - 1 
V = expy(1) - 1 I 

1 + i CexpN) 

exp t--y) drl - 11 - i [exp y(rl) 

0 
n 

exp(-y)d~ - s], (5) 
0 

T - Tl 1 - exp WW) -= 
T, - T 1 - exp (QPe) 

(6) 

Here the following notations are introduced : 

Re=Uh, Pe = uh 
Vl a’ 

Q =;, 

V 
v* = -, 

Vl 
v1 = v(T,). 

The curves in Fig. 1 show velocity and tem- 
perature distributions predicted by formulae 
(5) and (6) for water flowing in a plane channel. 
The relation between viscosity and temperature 
was taken from the experimental data of 
reference [3]. 

Comparison of velocity distributions cor- 
responding to isothermal and non-isothermal 
flows allows us to understand the effect of 
viscosity change on the formation of a velocity 
field. In a non-isothermal flow, separation at 
one of the plates may occur in an adverse 
longitudinal pressure gradient as in the case of an 
isothermal flow. The condition of flow separa- 
tion on the stationary plate which follows from 
the equation dujdyl r=O = 0 is of the form 

p0 = Q[expyl~ew(-y)dv - 11-l (7) 

(PO is the dimensionless pressure gradient 
which causes the flow to separate). 

It can be seen from Fig. 2(a), that separation 
at the lower plate may occur at both injection 
and suction of liquid. As to the effect of non- 
uniformity of the temperature field, conclusion 
may be made that the positive temperature 
gradient dT/dyI,.=, > 0 provokes separation. 

(a) 1 

I 

-1.5 -1.0 -0.5 0 0.5 I.0 

OR8 

FIG. 2. 

5 

(a) Longitudinal pressure gradient P, which causes the 
flow to separate. 

flow between coaxial cylinders (b = 0.5), 
- - - - - flow in a plane channel 

1. Tz = 80°C 
2. T2 = 50°C 

I 

TI = 50°C. 
3. T, = 20°C 

(b) Heat-transfer and resistance coefficients in flow 
between permeable walls. 

-~ in an annulus (j? = 0.5) ; 
~ ~ ~ ~ ~ between plane walls. 

1. T, = 80°C > 
2. T; = 50°C 
3. T2 = 20°C 

at Tl = 50°C; CJRe;P = 0. 

4. N-u J 



It: as it is done above. the dissipatiol~ function 
in the energy equation is neglected. then the 
Nussett number is independent of the viscosity. 
Contrary to this, the resistance coefficient 

(Cr. Re),.,, =: --.. 
@We _. 

exp .\‘, - I 

depends essentially on the viscosity change 
[Fig. 2(b)]: when the temperature gradient is 
positive, resistance at the wall will be smaller 
than that in an isothermal flow. 

3. AXlS~~lMET~I~AL FLOW 

We turn to the flow in an annulus between 
two coaxial porous cylinders with radii R, and 
R,. We shall assume that the internal cylinder 
is stationary and the external cylinder is 
moving with the velocity Li. Let the velocity 
components and temperature be functions ol 
the co-ordinate r only. Then from the continuity 
equation 

dli -+“=* 
dr Y 

it footlows that 
A 

f_!=- where A = const. (8) 
r 

Thus the flow is governed by the Navier- 
Stokes and energy equations of the form 

(9) 

lap AL 

fl ik r3 
*.s! 

r2 dr’ (10 

AdT ad dT 

Y dr - 0 Y dr r dY 
(11) 

with boundary conditions 

u = 0, T = T, at r=R, 

u = u, T = T, at r = R2. (12)- 

Since @j?r is independent of X, then 

folIows then from equation (c)j that (7~ (:.Y = 
const. 

Making use of the dimensionless quantities 

the solutions of equations (9) to (11) may be 
written in the following form 

Consequently, dp 3.x is independent of r. but it 3. r, = 20 c 1 
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(a) ~~~~jtudinal pressure gradient in an annulus which causes the flow to 
separate (Q = 0). 

1. r,=so°C 
3 VT = 50°C 
3: r; = 2o“c I 

r, = 50°C. 

(bj Heat-transfer and resistance coefficients in an annulus f/3 = Of?). 

04) 
T - Tl 1 _ rQPe 

-- = 

G - T 1 _ /jQPe 

Velocity and temperature distributions as 
well as their deformation due to change of 
viscosity in the flow Geld are completely 
analogous quantitatively to those considered 
above for the plane problem. 

The pressure gradient which causes the flow 
to separate is defined by the following expression 

It is not difficult to calculate the resistance 
and heat-transfer coefficients using equations 
(13) and (14). 

The curves in Fig. 3 allow assessment of the 
effect of the temperature non-uniformity of the 
flow on the transverse pressure gradient on the 
internal cylinder. It should be noted that in 
the case of an isothermaf flow fv, = lj, 
i?p/i?~]~=~~ > 0 both for injection and suction. 
Contrary to this, in a non-isothermal flow the 
value and sign of the pressure gradient 
ap/i3rlr=R, depend not only on the value of the 
radial velocity at the internal cylinder, but also 
on its direction [see equation (15)]. 

The dependence of heat transfer and resis- 
tance coeftkients as weil as ~ong~tud~na~ pressure 
gradient at the external cylinder which causes 
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the fiow to separate, on the injection (or suctions 
rate is the same as in a plane flow. The effect 
of non-un~fo~~ty of the temperature field is 
analogous in both cases. 

Parameters of the problem of a flow with 
axial symmetry include a new quantity: the 
ratio of cylinder radii. This is a specific feature 
of the flow of such a type. 

Figure 4 shows that heat transfer, resistance 
and longitudinal pressure gradient at the internal 

cylinder increase as the ratio fl = RI/R2 grows. 
and when the ratio p is the same, these quantities 
increase with the temperature ratio T&. 
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Abstract--& the present paper, a study is made of iiquid flow with variable viscosity in plane and annular 
channels, liquid being injected or sucked through their porous surfaces. The solution is obtained of the 
dynamic and thermal problems for the case in which the flow is caused by a longitudinal pressure gradient 

and motion of one of the channel surfaces. 

R&sum&--On Ctudie 1’Ccoulement d’un fiquide ;i viscositC variable dans des conduites de section rec- 
tangulaires et annulaires. le liquide 6tant injectb ou aspirt B travers leurs parois poreuses. La solution 
des probl&mes dynamique et thermique esl obtenue dans le cas oh I’Bcoulement est produit par un gradient 

longitudinal de pression et le mouvement d’une des parois de la conduite. 

ZWm---In der varliegenden Arbeit wird eine Untersuchung der Fliissigkeitsstr6mung mit 
ver&nderiicher Ziihigkeit in ebenen und rin~~r~gen Kan%en durchgefiihrt, wobei Fltissigkeit durch 
die pordsen Wiinde zu- oder abgefiihrt wird. Die Lbsung ti die dynamischen und therm&hen Probleme 
giit Wr den Fall, dass die Strijmung von einem Druckgradienten in Llingsrichtung verursacht wird und 

sich eine Kanalwand bewegt. 


