Int. J. Heat Mass Transfer.

x7 _y’

Vol. 21, pp. 175-185.  Pergamon Press 1978.

Printed in Great Britain

THE EFFECT OF SUCTION AND SLIP VELOCITY
OF A NON-NEWTONIAN FLUID FLOWING OVER
A CIRCULAR CYLINDER

MARTIN SCHMAL and ANTONIO MACDOWEL FIGUEIREDO
COPPE/UFRYJ, Programa de Engenharia Mecanica, 20000—Rio de Janeiro, Brazil

(Received 13 October 1975 and in revised form 21 March 1977)

Abstract—In this work the effect of suction and slip velocity for the forced convection of a Newtonian and a
“power law” fluid flow on a circular cylinder is studied. The momentum and mechanical energy equations,
the compatibility and suction conditions are derived and solved using a triparametric variable polynomial
for the velocity profile The method of Geropp and Walz is used for the solution and the external velocity
profile of Hiemez-Gortler was applied for the flow on a circular cylinder.

The suction effect can be well observed accompanying the wall shear stress and the suction parameter
along the surface. Without suction the separation point of a non-Newtonian flow is anticipated when
compared to a Newtonian flow on a circular cylinder. Applying suction the separation point was dislocated.
The suction effect is more pronounced on the wall shear stress profile and mainly for the de-accelerated flow
and higher suction levels. The suction parameter increases more rapidly in the neighbourhood of the

separation point. The slip velocity effect is negligible.

NOMENCLATURE

coordinate system;

dimensionless, y/3;

angle ;

thickness ;

displacement thickness;

momentum thickness;

energy loss thickness;

length;

radius;

thickness parameter ;

tangential velocity ;

normal velocity ;

interface velocity ;

pressure;

density;

viscosity ;

consistent index ;

shear stress;

gravity;

local Mach number;

Reynolds number of potential flow;
local Reynolds number ;

Froude number ;

suction number of the potential flow;
local suction number ;

suction level;

drag coefficient ;

dissipation coefficient ;

integral of the dissipation coefficient ;
variable exponent of the velocity profile ;
coefficients of the velocity profile;
form parameter of the velocity profile;
form parameter of the velocity;
suction parameter ;

slip velocity parameter ;

parameter of the velocity profile;
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o, parameter of the velocity profile ;
g, parameter of the velocity profile;
Y, parameter of the velocity profile ;
F, coefficient.

Index
i, iteration ;
oc,  external flow;
é, at the edge of the boundary layer ;

0, at the interface;

J, momentum quantities;

E, energy quantities ;

S, separation point ;

* dimensionless.
INTRODUCTION

THE BEHAVIOUR of a non-Newtonian fluid flowing on
surfaces was first considered by Acrivos, Shah and
Petersen [1] applying the boundary-layer theory.
They considered the power law model and, for the
solution of the boundary-layer equations, the method
due to von Karman-Pohlhausen was used. Bizzel and
Slattery [2] used the same approach for the axisym-
metric bidimensional power-law fluid flow. This case
was extended by Neves [5] for the flow on a circular
cylinder considering also a slip velocity on the surface.

Suction effect studies were considered only for
Newtonian fluid. Spalding and Evans [9] presented a
similar solution considering the effect of the suction
parameter for the cone type flow. Truckenbrodt [10]
studied the axisymmetric flow with suction using the
integral method.

This work studies the effect of suction for the forced
convection of a power law fluid flow on a circular
cylinder considering the slip velocity at the surface.
Integral equations are derived and a triparametric
variable polynomial is used for the velocity profile.
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THE BOUNDARY-LAYER EQUATIONS

Figure | illustrates the physical model and the
coordinate system. The fluid flows by forced con-
vection over a circular cylinder with suction applied
along the surface. The pressure, viscous and the
inertial forces are considered. The body forces can be
neglected considering that the Froude number is
greater than 2000 {7]. For larger Reynolds numbers
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viscous effects are limited to a thin region near to the
solid surface. The normal rate of momentum transport
is more intensive than the tangential rate. Hence, the
boundary-layer theory is applicable for the solution of
this problem. Assuming laminar and steady-state flow
and a power law model, the following boundary-layer
equations are considered: continuity equation
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with the following boundary conditions, considering
slip velocity and suction on the surface of the cylinder.

v=0 u=uplx) (4)
U = vg(x)
=0 U= uy(x) {5)

The integral equations

Applying the method of Wieghardt [11], the partial
differential boundary-layer equations are transformed
into ordinary differential equations by multiplying

equations (1) and {2} by the weight functions u’ *'/
(v+1)and u' respectively. After some algebraic mani-
pulations the following system of integral equation
is obtained:

dr. | g, o], 1 du,
ol 2+ M S =0 (6)
dx +w(»+ )+va (;.Jf‘ i dx e, +h o= 01{6)
where
B luN ot
a‘:<w+nj (w):;(~:7)du )
o \Us) OV\psus/) ~
Il 7 vt
el ) e
o Palls Uy |
£ ou Do fuy '
o=+ e I O B LU
0 Palla | P \Us )
and
h= Lol o1y (10)
Psls
with

The slip velocity ug(x) is assumed to be proportional to
the potential velocity u;(x). From equation (6) several
ordinary differential equations or integral conditions
are obtained. It is important to verify which values of v
have physical meaning satisfying the boundary con-
ditions. Note that for v = 0 the multiplying factor
(u/u;) does not affect the boundary-layer equation.
Otherwise, for v = 1, the multiplying factor of the
boundary-layer equation is equal to w/u; and less
information can be drawn from the integral equations
in the neighbourhood of the wall. For values of v
higher than one, less information is drawn from the
integral conditions of equation (6). Finally for
v — oo (ujuy; = 0) all characteristics of the bound-
ary layer disappear, leaving, however, the trivial condi-
tion given by the continuity equation [11]. The values
of v=0 and v=1 are particularly important for
the solution of the system of equations (6), having a
special well-known physical meaning.

The momentum and mechanical energy equations
For v = 0, equations (7)-(10) result in:
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where ¢, is the drag coefficient,
8 "
fo = { ﬁ&(;-i)d};:éz {12)
Jo sl Ly

where J, is the momentum thickness,
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where &, is the displacement thickness, and
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Then substituting equations (11)-

(4

-(14) in equation (6}
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results in the following momentum equation:
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For v = 1 equations (7)-(10) results:
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Substituting the equations (17)-(19) in equation (6)
results in the following mechanical energy equation
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These equations are valid for steady-state, laminar -

flow with arbitrary pressure gradient, suction at the
wall, slip velocity and variable physical properties.

For incompressible flow these equations are sim-
plified, for

The compatibility condition
Applying the boundary condition for y =0 to
equation (2) reduces to:

dug 4y
Po| Uo dx+Uan

where p, is the density at the wall. Nothing that u,
= kuy, for k = const duy/dx = k(du,;/dx) it follows:
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Assuming incompressible flow, p, = p; = p and iso-
thermic (ém/dy = 0) results:
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The Reynolds number for a power law fluid

The assumptions for the boundary-layer equations
are valid only for high Reynolds number. For a power-
law fluid the Re number is defined as follows

Re, = P T b
m -

In the development of the momentum and energy
equations (15) and (20), we obtain the nondimensional
Re number as a function of the momentum thickness
&,. Then,

Re;, = Ps u? "5,
m

(23)
This Re number satisfies the boundary-layer con-
ditions as shown by Acrivos et al. [1]. For n < 2the Re
number increases with u, and the boundary layer exist
for high Re number. For n>2 the Re number
decreases with u; and the boundary layer cannot exist
beyond some value of u,, .

Suction condition
Similarly to the Reynolds number the suction
parameter at the infinity is defined by

__p_ — 2—-ngn
!p't,_m( UO) L.

This parameter was used by Spalding and Evans [9],
Schlichting [6] and Truckenbrodt [10]. This para-
meter can be defined as the function of the momentum
thickness §, as follows:

(—vo)*™"85.

'ﬁaz =

ERRS)

Then,

1 =[5, Res, "]*7"

and for n = 1 result y = ;,.

Truckenbrodt [10] studies the behaviour of this
parameter for bidimensional and axisymmetric flow,
whereas Spalding and Evans [9] present tables for this
parameter in the similar solution.

(24)

The velocity profile

Approximate methods for the solution of the
boundary-layer equations usually employ polynomial
expressions for the velocity profile. The more these
profiles satisfy a greater number of boundary con-
ditions the more exact is the solution. The form of
parameters used for the velocity profile are adjustable
to accelerated or de-accelerated flow. Polynomials
with fixed degree were used by some authors [6, 10].
From the analysis of Mangler and Wieghardt concern-
ing the behaviour of polynomials for the integral
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solution Geropp [ 3] suggested a biparametric profile
of variable degree. He concludes that with a fixed
degree it happens that w/u, > 1 and that in the
neighbourhood of the stagnation point a polynomial
of the 20th degree for the velocity profile is needed. In
the neighbourhood of the separation point only a
polynomial of the fourth degree 1s sufficient to fit the
velocity profile. His results, when compared to the
results of the exact solution given by Gortler [3],
present excellent agreement. In our case introducing
the slip velocity results,
u .

=1 (L=l =k+an+tan’+an') (25)
Uy

¢

where

This profile satisfies the boundary conditions at
y =0 =ug)and y = é(u = u,).

The coefficients a,, a, and a; are determined using
the following defined form parameters [3, 11].

than,

(27)

Using the derivative of the compatibility condition
equation (22), for y = 0,
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and the definition of I' and the suction parameter y
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These coefficients are functions of the parameters £, 7, &
and y. The suction parameter y appears in the
coefficient a;. Geropp [3] demonstrated that using the
Hartree solution the variable exponent parameter  is
a function of the parameter ¢. The following expression
was obtained by Geropp [3]:

E(x) = T+1.75136 —0.7026¢%, 0 < ¢ < 1
and (29)

E(x) = 8—-0.0235:+0.0722¢%, &> 1.

In this way a triparametric velocity profile is obtained.
For a Newtonian fluid (n = 1), nosuction (¢, = 0)and
no slip velocity (1, = 0) the expressions of the coel-
ficients ay, u, and ajy are identical to those derived by
Geropp [3].

The drag and dissipation coefficients
From the usual defined drag coefficient ¢; [equation
(11)] and using the expression for the shear stress for a
power low fluid the following nondimensional cx-
pressions are obtained:
Uil )J "i
! (5 -
( i ‘?l,;J‘ iy . (30)
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Usually « is defined by the following expression [ 10]

A = - ‘ (3[ i
¢ fyv=q
Using equation (23) the value of ¢ is given by
o
o2 32
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Similarly from equation (16) and from the expression
for the shear stress of a non-Newtonian fluid the
following nondimensional expression for the dissi-
pation coefficient Cj, is obtained:

) 2" |
Cp = kg pm oo

Reh’g p() 2—nsn
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x ;L _") d(vid,). (33)
0 {y/0,)

Usually f is defined by the following expression [11}:

A Bujuy) | .
g = S d(1/0,). 34)
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Then
1
Cp = Re. (ko + ). {35}
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Numerical solution

The method of solution used was developed by
Geropp [3, 7, 11] and can be applied for laminar
boundary-layer flow with variable physical properties.
adiabatic or not, and with pressure gradient. Our
solution considers the problem of steady state, laminar
and isothermal incompressible flow. The integral
conditions of the momentum and mechanical energy
equations and the compatibility conditions as well as
the suction condition are solved simultaneously using
the triparametric velocity profile given by equation
(25).

Substituting the expressions of ¢, and C,, from
equations (32) and (33) in the momentum equation
(15) and mechanical energy equation (20) results in:
gg{%+(2 6,)(52 du;,

v
L e = (1 =k —0:() 36)
dx 03/ u; dx  Re,, ( )“0 e
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and
oy o Ldu, 2 2o
e S dx —.Re(;z(ka +B)—~(1—k )u—ﬁ—O.
(37)
At this point new variables are defined [3]
Z; = Re;, 0, =%u§*”5'{'1
(38)

Zp = Rey, 3, =%u§'"é'§63

Substituting equation (38)into equations (36) and (32)
results in:

‘iiﬁ+c,z,—p, -0
de (39)
d—xE+GEZE—FE =0.

Equations (39) are linear differential equations of the
first order of variable coefficients, where

1 du,
G —4n:a
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—(m+ 11—k
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The compatibility condition, equation (22), is used
simultaneously for the solution of these equations.
Using the suction parameter, equation (24), and the
following form parameter T’

y=0
the nondimensionless expression is obtained

1 1 du;
1—-k¥)Z,— =2
nzx"—l[( k*) T dx +“X] (42)

_ Pufu,
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with this expression the coefficients F, and Fp are
transformed to:

F, = (n+1)a"—[(n+1)H12—n]1—_17€7

x [na" T —ay] —(n+ 1)1 —k)y (43)
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These are universal functions and are calculated
independently from the specific problem using the
triparametric velocity profile, equation (25). These
coefficients are functions only of the form parameters
Hj, and T and the suction parameter y.

The momentum and mechanical energy equations
(39) are solved by the quadrature method according to
Walz [11] considering small intervals of Ax. In this
case it is possible to consider the average values of the
form parameter H,, and T and the suction parameter
¥ and consequently the coefficients F;, and F; are
considered constant. Thus

FJ = FJ(H3271__72)
FE = FE(FI32’ T’Z)

Then for every step i and i+1 from equations (39)
results in:

Z,. F,
—itt = A 4= 45
AL S (45)
and
ZE|+1_ FE
Zy _AE+ZE,»BE
where
4n
A,{u“éf}
i+t
In+1
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1 Xi+1
By =—7 J‘ [ué(x)]“"dx (46)
Bi+1 o X
and
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Bg =5y J [u5(x)]*"* * dx.
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The external velocity u;(x) is given and the con-

vergence is assumed if for small enough interval (x;, ,

—x;) the condition [11]

097 < i1 < 103
uﬁl

is satisfied.

The potential velocity

The pressure distribution or potential velocity is
usually determined experimentally or from the poten-
tial theory. The potential velocity can be represented
as a function of x in terms of a power series. Blasius
solution needs a large number of terms in the series in
the neighbourhood of the stagnation point. Hiemenz
[3] demonstrated experimentally that Blasius solution
is satisfied in the neighbourhood of the stagnation
point but fails near the separation point. Loitsianskii
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{4] shows that in the neighbourhood of the separation
point the deviation of the theoretical and experimental
results are of the order of 25%. The potential velocity
for a circular cylinder is usually represented by a
sinusoidal distribution corresponding to the velocity
distribution of the potential flow. It is important to
note that the potential flow theory does not predict
boundary-layer separation and hence this is not a real
potential velocity. From experimental results of the
pressure distribution over a circular cylinder Hiemenz
13, 7] presented the following expression for the poten-
tial velocity.

uy{x) = 7.151x —0.04497x7 —0.00033 x>

valid for a circular cylinder of radius R = 4.87 ¢cm and
for

u, = 192cmy/s
Re¢, = 18500.

This expression satisfies the solution of the boundary-
tayer equation for high values of x whereas the series
expression satisfies this solution only for small values
of x. The above expression written in a dimensionless
form, is given by

u* = x*—0.006289x* —0.00004615x*>  (47)
where
"= R
X
e
L=1cm
or
w¥ = x* —0.14914x*F —0.02582x%* (48)
where
X
X* = R

This formal representation was introduced by Gortler
[6] and used by Geropp [3], Smith and Clutter [8].
Since for x* = 7.0{x* = x/L} the results calculated
from this expression agrees well with the experimental
results and since the separation point occurs for x*
< 7.0 we can perfectly use this expression for the
external velocity profile.

The suction parameter

The suction parameter 7 defined in equation (24)isa
function of v, and u,. Instead of the defined relation
Uo/ty it is more convenient to define the “suction level”
as the ratio of the Reynolds number for d, and for Re at
the infinity for it is independent of the particular
conditions of the flow:

Yo, _ Res, _ (02Y
v, Re, L’

Then substituting this expression and the defined
thickness parameter 3, = Z,/Re; inequation (24) the

following expression for the suction parameter is
obtained:

‘= l Rl 20~ s D) ( “Re, rn ;( L
B ‘ |
L Re; ‘ ]
49
where
v,

= R i T

.

1s the “suction level™.

The Reynolds number, Re;,
From the defined Re;, [equation (23)] and Re, and
the thickness parameter Z; results from equation (38).
Re - Zl‘n’“)\3~n T~ 1t
02 _f &
Relint [( L ) (u, ) } ' 301

SN

The momentum thickness 3,
The momentum thickness &, is determined from
equation (38). Thus,

3y
e Rely,'(nJr D]
L

The drag and the dissipation coefficients ¢; and Cyy
After some manipulations of equations (32) and (33)
we get

‘7 7
- 2o
cpRel D T {
Re;,

Roiinii
Re'

Ly
[ 3]

and

hat 4 f
Re,,

ReTin=1i

Re’,

tin+ 1)
CpRe’" i

LAy
add

The wall shear stress 1,
The wall shear stress 1, is determined from equa-
tions {11)and (52). Thus.

o Relimt 1 %7 ( i, ‘)*
z .

3
pu’;

RESULTS

The effect of suction of a Newtonian and non-
Newtonian fluid flow over a circular cylinder is first
observed from the dislocation of the separation point
of the boundary layer satisfying the condition of = Q.
Table I shows the results for some values of the suction
level V varying from zero 10 0.25 and some values of the
slip parameter k varying from zero to 0.0288. For
suction levels of 25%;, without slip (k = 0) or combined
suction and slip parameter values the separation point
is dislocated to x* > 7 (0 = 82.39°), For x* = 7.1 (f =
83.577) this solution fails because of the limitation of the
potential velocity profile of equation (47). For the non-
Newtonian fluid flow {n = 1.2) without suction (V=
0.0) and without slip {k = 0) the separation point is



Suction effect of fluid over a cylinder

Table 1. Values for x* and g, for the separation point

v

k 0.00 0.10 0.15 0.20 0.25
x* 0.00 6.800 6.890 6.930 6.970 7.005
9 80.036  81.095  81.566  82.037 82449
x* 0.01 6.845 6.930 7.005 7.045
9 80.566  81.566 82449 82920
x* 0.02 6.885 6.965 7.040
0 81.036 81978 82.861
x* 0.025 6.905 6.985
4 : 81.767 82213
x* 0.0288 6.950
0 81.801

Table 2. Initial values for the parameters H;,, I'and yforn =1

v

k 0.00 0.10 0.15 0.20 0.25
Hj, 1.6253  1.6248  1.6245 1.6243  1.6240
r 0.0000 00854 0.0901 00924 0.0947 0.0969
X 0.0 0.0282 00417 0.0546 0.0671
Hs, 1.6252  1.6248 1.6243  1.6240
r 0.0100 0.0854  0.0900 0.0945  0.0969
x 0.0 0.0282 0.0546  0.0671
Hs, 1.6253  1.6249 1.6243
r 0.0200  0.0853  0.0898 0.0945
x 0.0 0.0282 0.0546
Hj, 1.6255  1.6249
r 0.0250 0.0852  0.0898
X 0.0 0.0282
Hj, 1.6256
r 0.0288  0.0851
x 0.0

Table 3. Values of the parameter H;,, I' and y for the separation point

v

k 0.00 0.10 0.15 0.20 0.25
Ha, 1.5565 1.5541 1.5537 1.5532 1.5537
r 0.00 -0.1343 —0.1473 —0.1528 ~0.1582 —0.1634
4 0.0 0.0595 0.0886 0.1171 0.1451
H;, 1.5503 1.5479 1.5477 1.5474
r 0.01 -0.1481 —0.1620 —0.1712 —0.1768
x 0.00 0.0608 0.1193 0.1479
H;, 1.5441 1.5420 1.5420
r 0.20 —-0.1651 -0.1757 —0.1855
x 0.00 0.0621 0.1216
Hs, 1.5406 1.5385
r 0.025 —-0.1711 —-0.1842
x 0.00 0.0626
Hi, 1.3248
r 0.0288 ~0.1923
X 0.00

181
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anticipated to the value of x* = 6.74 (6, = 79.33"). For
Newtonian flow this value is given by 6, = 80.036°.
This result was also obtained by Geropp [3], Smith
and Clutter [8] and other authors. Applying suction to
a Newtonian flow the separation point is dislocated
3% and with slip of 79, this point is dislocated by 3.6%,.

Table 2 shows the initial values of the parameter
H;,, T and y for n =1 at the stagnation point and
Table 3 shows the final values of these parameters at
the separation point. Figures 2 and 3 show the form
parameter Hy, and T as function of x*. For a non-
Newtonian fluid these values are smaller. For a suction
level of 25%; the values of these parameters are higher

and still higher in the neighbourhood of the separation
point.

The suction parameter as function of x* is shown in
Fig. 4 and the effect is increased for de-accelerated flow.
For a Newtonian flow (n = 1.0) without slip (k = 0)
and a suction level V = 0.1 the suction parameter y is
109%, higher than the corresponding value at the
stagnation point and for a suction level of V = 0.25 this
increment is of 116%,. The effect of slip on the suction
parameter is negligible. For V = 0.10 and k = 0.025
the increment of y from the stagnation point to the
separation point is of 1229, while for V = 0.25 and &
= (.01 this increment is of 120%;.
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Figure 5 shows the wall shear stress along the
surface of the circular cylinder. For n = 1, V = 0 and
k = 0 the same results of Geropp [3] are obtained.
Applying suction, 1, increases. At the point x* = 4,33
(6 = 50.96°)forn = 1,V = 0.25and k = 0 the values of
7o reaches the maximum value. Hence there is an
increase of 15% when compared to the value of 7,
without suction.

For a non-Newtonian fluid (n = 1.2) the wall shear
stress is higher than for a Newtonian fluid for accele-
rated flow and lower in the neighbourhood of the
separation point,

Figure 6 shows the potential velocity profile, the
drag coefficient and the momentum thickness profile.
For n = 1.2 the momentum thickness &, is lower than

HMT Vol. 21, No. 2—G

for n = 1in the neighbourhood of the stagnation point
but increases rapidly and assumes the same profile as
for a Newtonian fiow in the neighbourhood of the
separation point. Applying suction 8, decreases, parti-
cularly in the neighbourhood of the separation point
where there is a decrease of 12.6% for x* = 6.8. This
means that the separation point is anticipated for a
non-Newtonian fluid flow.

CONCLUSION
The suction effect on the boundary layer for a
Newtonian and non-Newtonian fluid flow over a
circular cylinder predicted by the present method of
solution can be well observed accompanying the wall
shear stress and the suction parameter along the
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dislocated. The separation point for a Newtonian fluid
is 80.036° and for a non-Newtonian fluid (n = 1.2}
without suction is reduced to 79.33° whereas applying
suction of 259%; the separation point dislocated to only
3%. The suction effect is more pronounced on the wall
shear stress profile and mainly for the de-accelerated
flow and higher suction levels. For suction level of 25%,
there is an increase of 159 in the wall shear stress
corresponding to the maximum value of 7.

The suction parameter profile increases and is more
pronounced in the neighbourhood of the separation
point. Here an increase of 116%, was observed applying
suction of 25%,. The slip velocity effect is negligible.

The results obtained by this method when compared
to the results of the integral solution of Geropp and the
exact solution of Gortler presents very close agree-
ment.
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EFFET DE L'ASPIRATION ET DE LA VITESSE
DE GLISSEMENT D'UN FLUIDE NON NEWTONIEN SSECOULANT
AUTOUR D'UN CYLINDRE CIRCULAIRE

Résamé—On étudie Ueffet de J'aspiration et de la vitesse de glissement sur la convection forcée d’un fluide
newtonien ou en “loi puissance” sur un cylindre circulaire. On établit les équations de quantité de
mouvement et d’énergie, les conditions de compatibilité et d’aspiration et on les résout & partir d’'un
polynome 4 trois paramétres variables pour le profil des-vitesses. La méthode de Geropp et Walz est utilisée
dans la recherche de la solution et le profil externe de vitesse de Hiemez—Gdortler est appliqué pour
I'écoulement autour d’un cylindre circulaire. L'effet de I'aspiration est observable en liaison avec la tension
pariétale et le paramétre d'aspiration le long de la surface. Sans aspiration le point de décollement d'un
écoulement de fluide non newtonien est avancé en comparaison d'un écoulement newtonien sur un cylindre
circulaire. Avec aspiration, le point de décollement est déplacé. L'effet de I'aspiration est plus prononcé sur le
profil de la tension pariétale et principalement pour les écoulements retardés et les trés fortes aspirations. Le
paramétre d’aspiration croit plus rapidement au voisinage du point de séparation. L'effet de la vitesse de
glissement est négligeable.
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DER EINFLUS VON ABSAUGUNG UND SCHLUPFGESCHWINDIGKEIT
BEI DER UMSTROMUNG EINES KREISZYLINDERS MIT EINER
NICHT-NEWTONSCHEN FLUSSIGKEIT

Zusammenfassung—Der Einflul von Absaugung und Schlupfgeschwindigkeit bei erzwungener Kon-
vektion um einer Kreiszylinder wird untersucht. Der Kreiszylinder wird von einer Newtonschen
Fliissigkeit und einem Fluid, dessen FlieBverhalten mit dem Potenzansatz beschrieben werden kann
(Ostwald-Fliissigkeit), umstromt. Die Impuls— und Energiegleichungen, die Kompatibilitdts— und
Absaugbedingungen wurden hergeleitet und mittels eines Polynomansatzes fiir das Geschwindigkeitsprofil
gelost. Zur Losung wird die Methose von Geropp und Waiz benutzt und fiir die Umstrémung eines
Kreiszylinders wurde das duBere Geschwindigkeitsprofil von Hiemez-Gortler angewendet. Der Einflufl
der Absaugung kann gut beobachtet werden, indem die Wandschubspannung und der “Absaug”™-
Parameter lings der Oberfliche verfolgt wird. Ohne Absaugung wird der Abldsepunkt einer nicht-
Newtonschen Stromung frither erwartet, verlichen mit der Stromung einer Newtonschen Fliissigkeit um
einen Kreiszylinder. Bei Absaugung wurde der Ablosepunkt verschoben. Der Einflull der Absaugung ist
starker beim Wandschubspannungsprofil, insbesondere fiir die verzogerte Stromung und hohere
Absaugraten. Der “Absauge”-Parameter steigt an der Nihe des Ablosepunktes stark an. Der Einflufl
der Schlupfgeschwindigkeit ist vernachléssigbar.

BJIMSIHUE OTCOCA M CKOPOCTU CKOJIBXXEHWUA HA OBTEKAHME
KPYIOBOI'o UWJIMHAPA HEHBHOTOHOBCKOMW XUAKOCTLHO

AHHOTanua — PaccMaTpHBaeTcs BAIMSIHUE OTCOCA M CKOPOCTH CKOJIBXKEHHS Ha 0OTekaHHe KPYroBoro
LMJIHHAPA HEHBIOTOHOBCKOH >KMAKOCTBLIO INMPHU BbIHYXKAEHHOU KOHBekuuH. [lonyueHbl ypaBHEHUs
KOJIMYeCTBa ABHXXEHHUS M JHEPTHH, a TAKXe yCJIOBUHA oTcoca u coBMecTUMOCTH. [podunb ckopocTu
OTBICKHBAETCS B BHUAE IOJUHOMA C Tpemsa napamerpamu. [las pelleHHss UCMOJIb3YEeTCs METOA
Jxeponna-Banplia, npu onucaHMy 0OTeKaHH KPYTOBOTO LIMJIMHAPA NPUMEHSETCS BHELLHU N NPODHIL
ckopoctH Xumeua-I'éprnepa. BansHue oTcoca Ha xapakTep OOTeKaHHs MPOSBIIACTCH B 3HAYCHUSX
KacaTeJIbHOTO HAIpSKeHHsl Ha CTEHKE M NlapaMeTpa oTcoca BAOJb noepxHocT. Ipennonaraercs,
YTO IPH OTCYTCTBHHM OTCOCA TOYKA OTPbIBA HEHBIOTOHOBCKOW XHAKOCTU NMpH OOTEKAaHUU LIMJIUHADA
COBMNafaeT C TOYKOM OTPbIBA HBIOTOHOBCKOH kuakoctu. Ilpn OTcoce Touka OTpbIBA CMELIAETCH.
Bnusiune otcoca Hanbosiee CUIBHO CKa3biBaeTcs Ha Npodune KacaTe/bHOrO HAMPSKEHUs Ha CTEHKE
¥ B OCHOBHOM IIPH 3aTOPMOXXEHHOM Te4YCHUH W GOsiee HHTEHCUBHOM oTcoce. BOJIM3M TOUKM OTPbIBA
napameTp 0Tcoca Bo3pacTaeT Dosiee pe3ko. BnnsaHue cKOpoCcTH CKOMBKEHUS HPEHEOPERUMO Mao.
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