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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-GBrtler 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/6 ; 
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; 

6 parameter of the velocity profile ; 

E, parameter of the velocity profile ; 

‘/3 parameter of the velocity profile ; 

F, coefficient. 

Index 

1, 

Iy’ 
0, 
J, 
E, 
S, 
* 

iteration ; 
external flow; 
at the edge of the boundary layer; 
at the interface; 
momentum quantities ; 
energy quantities ; 
separation point ; 
dimensionless. 

INTRODUCTlON 

THE BEHAVIOUR of a non-Newtonian fluid flowing on 

surfaces was first considered by Acrivos, Shah and 
Petersen [l] 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 [lo] 
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. 

175 



176 MARTIN SCHMAL and ANTONIO MACDOWEI. FIWEIREDO 

THE ~~NDARY-LAYER EQUATIONS 

Figure 1 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 

equations (1) and (2) by the weight functions LI’ + ’ 
(vi 1) and u’ respectively. After some algebraic mani- 
pulations the following system of integral equation 
is obtained : 

di 
21 t 
dx i 

Fro. 1 

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. I-fence, 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 

g (pu) + g (pu) = 0, 

and motion equation 

where 

(3) 

with the following boundary conditions, considering 
slip velocity and suction on the surface of the cylinder. 

\’ = 0 u = U&) (4) 

I; = uo(x) 

?‘=ci U = y,(x). (5) 

Tke integral equities 
Adplying the method of Wieghardt [l I], the partial 

differential boundary-layer equations are transformed 
into ordinary differential equations by multiplying 

The slip velocity IQ,(X) is assumed to be proportional to 
the potential velocity t+(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/ug~ does not affect the boundary-layer equation. 
Otherwise, for v = 1, the multiplying factor of the 
boundary-layer equation is equal to ufu, 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 + a> (u/u, = 0) all characteristics of the bound- 
ary layer disappear, leaving, however, the trivial condi- 
tion given by the continuity equation Eli]. 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 nl~rne~tum and rn~e~ani~al energy equations 
For v = 0, equations (7)-(IO} result in: 

where cs is the drag coefficient. 

where 6:! is the momentum thickness. 

where 6, is the displacement thickness, and 

h (141 

Then substituting equations (1 I )--( 14) in equation (6) 
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results in the following momentum equation: 

177 

Assuming incompressible flow, p,, = pn = p and iso- 

thermic (amlay = 0) results : 

For v = 1 equations (7t( 10) results : 

= -+&or,+firdu] = -2C, (16) 

The Reynolds number for a power lawfluid 

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 

where C,, is the dissipation coefficient, Re,, = % u:-“L”. 

f;= j;fi[l-($]dg=& (17) 

where & is the energy loss thickness, 

g1 =2 j;&[~-l]dy=2s, (18) 

where 6, is the density loss thickness and 

= (kZ-1)E. (19) 

Substituting the equations (17)-(19) in equation (6) 

results in the following mechanical energy equation 

6 dx+ 3+22-M; 
i 3 

-2c,-(l-k2)Z = 0. (20) 

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 

plified, for 

M, = 0 

b4 = 0. 

The compatibility condition 

are sim- 

Applying the boundary condition for JJ = 0 to 

equation (2) reduces to: 

L 

duo au 
I I 

du, a7 
PO u"dx+Voay ),=. = psus-+- dx aY y=O 

where p. is the density at the wall. Nothing that u. 

= ku,, for k = const du,/dx = k(du,/dk) it follows: 

~o~1,_o-(~-k2)~=~~~~=o. 

Then for a power law fluid this equation is transformed 
to: 

I.o$~Y;o-($-k’)$ 

= ~[$($~+nm($~-l$]l=o. (21) 

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 

6,. Then, 

Re,2 = Euf”6;. (23) 

This Re number satisfies the boundary-layer con- 
ditions as shown by Acrivos et al. [l]. For n < 2 the Re 

number increases with u, and the boundary layer exist 

for high Re number. For n > 2 the Re number 
decreases with a6 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 

$, =+Io)2Y 

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

thickness 6, as follows : 

Then, 

): = [$s2 Rei,-“1 1’(2-n) 

and for n = 1 result 1 = $a,. 

(24) 

Truckenbrodt [lo] 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. 

The velocity projle 

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 Row. Polynomials 
with fixed degree were used by some authors [6, lo]. 
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 IL/U,, > I 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 is sufficient to lit 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, 

I1 

where 

V=; 
h 

This profile satisfies the boundary conditions at 

J’ = O(u = uO) and ~3 = ci(u = u,,). 

The coefficients ur. u2 and No are determined using 

the following defined form parameters [3, 1 I]. 

(lz(u:u,) 1 . . = 
I I.%) 

pv2 I,,-0 

than, 

Using the derivative of the compatibility condition 
equation (22) for j‘ = 0. 

tl”;;~,YII = ,*!~i(,,-l)i~~~~~!SI~~‘ 

+[;;r- I;;: iVL() 

and the definition of r and the suction parameter 1 

results: 

These coefficients are functions of the parameters 4.7. c 
and x. The suction parameter 1 appears in the 
coefficient ~1~. Geropp [3] demonstrated that using the 
Hartree solution the variable exponent parameter < is 
a function of the parameter c. The following expression 
was obtained by Geropp [3] : 

c’(x) = 7-t 1.7513~-0.7026s’. 0 < E < 1 

and (29) 

t(x) = 8-0.0235~+0.0722r:~, t: > 1 

In this way a triparametric velocity profile is obtained. 
For a Newtonian fluid (fz = I ). no suction (I’~ = 0) and 

no slip velocity (no = 0) the expressions of the coef- 

ficient\ (I~, tl? and cl3 are identical to those derived by 

Geropp r-3 1. 

From the usual defined drag coefhcient c’,~ [equation 

(I 1 )] and using the expression for the shear stress for a 
power low fluid the following nondimensional cs- 
pressions are obtained: 

Usually J is defined by the followmg expression [IO] 

Using equation (23) the value of c j is given by 

Similarly from equation (I 6) and from the expression 
for the shear stress of a non-Newtonian fluid the 
following nondimensional expression for the dissi- 
pation coefficient C, is obtained : 

Usually /j is defined by the following expression [ 11 J : 

Then 

The method of solution used was developed by 
Geropp [3, 7, 111 and can be applied for laminar 
boundary-layer flow with variable physical properties. 
adiabatic or not, and with pressure gradient. OUT 

solution considers the problem of steady state, iaminar 
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 C, and C,, from 

equations (32) and (33) in the momentum equation 
( 15) and mechanical energy equation (20) results in : 
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and 

~+3s,~~-&kr”+B)-(l-kz)~=0. 
d 62 

(37) 

At this point new variables are defined [3] 

(38) 

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

dZ, dx+GJZ,-FJ =0 

$$+c,z,-F, = 0. 
(39) 

Equations (39) are linear differential equations of the 

first order of variable coefficients, where 

GJ =4n;$ 
n 

FJ = (n+l)a”-[(n+l)Hl,-n]i~~ 

I(kcP+fi)+nH,,(a”-%,)H,,i$ 
6 

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 I 

r=_z& = =(!?qy (41) 
2 YO 

the nondimensionless expression is obtained 

1 
I=-- 

n&-i 
(l-k’)z,;$+q 

1 
(42) 

n 

with this expression the coefficients FJ and FE are 

transformed to : 

1 
FJ = (n+l)cr”-[(n+l)H,,-n]~ 

x [na”-‘r-ccX]-(n+l)(I-k)X (43) 

and 

FE = 2(ka”+j3) 

+ nH3, a”_H,,(nr”-l~-aX) 
l-k2 I 

-~[n(l-k)H32+1-kZ] (44) 

where 

H,, =2 
2 

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 
H32 and I and the suction parameter x. 

The momentum and mechanical energy equations 
(39) are solved by the quadrature method according to 
Walz [ll] considering small intervals of Ax. In this 

case it is possible to consider the average values of the 
form parameter R,, and F and the suction parameter 
2 and consequently the coefficients FJ and FE are 

considered constant. Thus 

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

and 

where 

and 

A,= AL 

[ 1 
3n+1 

%L+, 

1 
BJ = dn x’+1 [ua(x)14”dx 

s %a+1 XL 
(46) 

Xc+, 
BE = 

1 
3n+i 

s 
r%.(x)1 ‘“+rdx. 

ua,+, *, 

The external velocity z+(x) is given and the con- 
vergence is assumed if for small enough interval (xi+ 1 
-xi) the condition [ 1 l] 

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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141 shows that in the.lleighbourhood of the separation 
point the deviation of the theoretical and experimental 
results are of the order of 250;,,. 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 

t3.71 presented the following expression for the poten- 
tial velocity. 

If<)(f) = 7.151.~ -0.04497X3 -0.00033.~’ 

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

for 

1’ , = 19.2cm:s 

Kc* , = I8 500. 

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

II” = .Y* -0.006289~” -0.00004615.~*’ (47) 

where 

* \ 

.X . =- il 

1. = Icm 

or 

n* = Y* -0.149 I~x*~ -0.02582x*’ (48) 

where 

This formal representation was introduced by Gortler 

[6] and used by Geropp [3], Smith and Clutter [8]. 
Since for Y* r 7.0(.x* = x/L) the results catculated 
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 % defined in equation (24)is a 
function of I‘” and ~8,~. Instead of the defined relation 
L+,;IQ it is more convenient to define the “suction level” 
as the ratio ofthe Reynolds number for 6, and for Re at 
the infinity for it is independent of the particular 

conditions of the flow: 

Then substituting this expression and the defined 
thickness parameter B2 = Z,,/Refi2 in equation (24) the 

follo~~~ng expression for the suction parameter ib 
obtained : 

where 

is the “suction level”. 

The Reynolds number, Re,, 
From the defined ReC,L [equation (23 )] and Rc, mJ 

the thickness parameter Z,, results from equation (38 ). 

The ln~)~~e~iu~l thi(:~fzess &2 

The moin~ntum thickness d, is determined from 

equation (38). Thus, 

The drug and the dissipatinra co@iciuus c, crntl Cl) 

After some manipulations ofequations (32) and (35) 
we get 

rS.1) 

The wull shear stress to 
The wall shear stress zg is determined from equa- 

tions (11 f and (52). Thus. 

RKSCLTS 

The effect of suction of a Newtonian and non- 
Newtonian fluid flow over a circular cylinder is hrst 
observed from the dislocation of the separation point 
of the boundary layer satisfying the condition of ‘* = 0. 
Table 1 shows the results for some vahtcs of the suction 
levei V varyingfromzero to 0.25 and some values of the 
slip parameter k varying from zero to 0.0288. For 
suction levels of 257; without slip (k = 0) or combined 
suction and slip parameter values the separation point 
is dislocated to x* > 7 (0 -I 82.39”). For I* b 7.1 (0 = 
83.57“) this solution fails because of the limitation of 1 he 
potential velocity profile of equation (47 1. For the non- 
Newtonian fluid flow (n = 1.2) without suction (V :: 
0.0) and without slip (k = 0) the separation point is 
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Table 1. Values for xf and 0, for the separation point 

181 

V 

k 0.00 0.10 0.15 0.20 0.25 

X* 

0 
0.00 6.800 

80.036 

X* 0.01 6.845 
0 80.566 

6.890 6.930 6.910 7.005 
81.095 81.566 82.037 82.449 

6.930 7.005 7.045 
81.566 82.449 82.920 

6.965 7.040 
81.978 82.861 

X* 0.02 6.885 
0 81.036 

X* 0.025 6.905 6.985 
0 81.767 82.213 

X* 0.0288 6.950 
0 81.801 

Table 2. Initial values for the parameters H32, r and x for n = 1 

V 

k 0.00 0.10 0.15 0.20 0.25 

H-32 1.6253 1.6248 1.6245 1.6243 1.6240 
I- 0.0000 0.0854 0.0901 0.0924 0.0947 0.0969 

x 0.0 0.0282 0.0417 0.0546 0.0671 

H32 1.6252 1.6248 1.6243 1.6240 
l- 0.0100 0.0854 0.0900 0.0945 0.0969 

X 0.0 0.0282 0.0546 0.0671 

H32 1.6253 1.6249 1.6243 
I- 0.0200 0.0853 0.0898 0.0945 

X 0.0 0.0282 0.0546 

H32 1.6255 1.6249 
r 0.0250 0.0852 0.0898 

xx 0.0 0.0282 

H32 1.6256 
r 0.0288 0.0851 

X 0.0 

Table 3. Values of the parameter H32, I and x for the separation point 

V 

k 0.00 0.10 0.15 0.20 0.25 

H 32 
r 
x 

ff32 
r 
X 

1.5565 1.5541 
0.00 -0.1343 -0.1473 

0.0 0.0595 

1.5503 1.5479 
0.01 -0.1481 -0.1620 

0.00 0.0608 

1.5441 1.5420 
0.20 -0.1651 -0.1757 

0.00 0.0621 

1.5537 1.5532 1.5537 
-0.1528 -0.1582 -0.1634 

0.0886 0.1171 0.1451 

1.5477 1.5474 
-0.1712 -0.1768 

0.1193 0.1479 

1.5420 
-0.1855 

0.1216 

H32 
r 
x 

H 32 
r 
x 

1.5406 1.5385 
0.025 -0.1711 -0.1842 

0.00 0.0626 

H32 1.3248 
r 0.0288 -0.1923 
X 0.00 



/ 
IO” 20’ 30” 40” 50” 60” 70” 80” 

I 
e 

I 1 

I 2 3 4 5 6 7 
XX 

FIG. 1. The form parameter H,, \JS I*. 

-oi.- - "=I.0 V:O.OO k=O.GO 
1 u=1,0 v=O.OO k=0.0288 

--- u=I.O 0=0.25 kzO.00 
. “=I.0 0~0.25 k=O.Ol 

----u = 1.2 V=O.OO k =O.OO 

L , 1 , , 

IO" 20” 30” 40” 50” 60’ 70” 80” 
e 

1 
0 I 2 3 4 5 6 7 

X* 

FIG. 3. The form parameter I’ vs s*. 

anticipated to the value of x* = 6.74 (U,, = 79.33”). For 
Newtonian flow this value is given by 0, = 80.036”. 
This result was also obtained by Geropp [3], Smith 
and Clutter [IS] and other authors. Applying suction to 
a Newtonian flow the separation point is dislocated 
3”/, and with slip of 7;; this point is dislocated by 3.67,. 

Table 2 shows the initial values of the parameter 
Hj2, P and z for II = 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 Hs2 and T as function of x*. For a non- 
Newtonian fluid these values are smaller. For a suction 
level of 257” the values of these parameters are higher 

and still higher in the neighbourhood of the separation 
point. 

The suction parameter as function of s* is shown in 
Fig. 4 and the effect is increased for de-accelerated flow. 
For a Newtonian flow (II = 1.0) without slip (k = 0) 
and a suction level V = 0.1 the suction parameter x is 
1090,” 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 % from the stagnation point to the 
separation point is of 122”/:, while for V = 0.25 and 1; 
= 0.01 this increment is of 12OY,>. 



Suction effect of fiuid over a cylinder 
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FIG. 4. The form parameter x vs x* for various suction levels V. 
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FIG. 5. Interfacial shear stress vs x*. 

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, r0 increases. At the point x* = 4.33 
(0 = 50.96”) for n = 1, V = 0.25 and k = 0 the values of 
t0 reaches the maximum value. Hence there is an 
increase of 15% when compared to the value of q, 
without suction. 

For a non-Newtonian fluid (n = 1.2) the wall shear 
stress is higher than for a Newtonian Auid 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 p1 = 1.2 the momentum thickness Sz is lower than 

HMT Vol. 21, No. 2-G 

for n = 1 in the neighbourhood of the stagnation point 
but increases rapidly and assumes the same profile as 
for a Newtonian Bow in the ne~ghbourhood of the 
separation point. Applying suction 6, decreases, parti- 
cularly in the neighbourhood of the separation point 
where there is a decrease of 12.6% for ?c,* = 6.8, This 
means that the separation point is anticipated for a 
non-Newtonian fluid flow. 

cONCLl.JSION 

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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surface. By applying suction the separation point is 

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 257,; 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 25’1,, 

there is an increase of 15:; in the wall shear stress 
corresponding to the maximum value of zO. 

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 2576. The slip velocity effect is negligible. 

Theresults obtained by thismethod when compared 
to the results of the integral solution ofGeropp and the 
exact solution of Gortler presents very close agree- 

ment. 
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EFFET DE L‘ASPIRATION ET DE LA VlTESSE 
DE GLISSEMENT D’UN FLUIDE NON NEWTONIEN S’ECOULANT 

AUTOUR DUN CYLINDRE CIRCULAIRE 

Resume-On etudie I’effet de l‘aspiration et de la vitesse de glissement sur la convection for&e d‘un fluide 
newtonien ou en “loi puissance” sur un cylindre circulaire. On etablit les equations de quantite de 
mouvement et d’tnergie, les conditions de compatibilite et d‘aspiration et on les r&out li partir dun 
polynome a trois parametres variables pour le protil desvitesses. La mtthode de Geropp et Walz est utilisee 
dans la recherche de la solution et le prolil externe de vitesse de Hiemez-Gortler est applique pour 
I’ecoulement autour d’un cylindre circulaire. L’effet de l’aspiration est observable en liaison avec la tension 
pa&tale et le parametre d‘aspiration le long de la surface. Sans aspiration le point de decollement d’un 
ecoulement de fluide non newtonien est avance en comparaison d’un Ccoulement newtonien sur un cylindre 
circulaire. Avec aspiration, le point de dtcollement est deplace. L’effet de I’aspiration est plus prononce sur le 
protil de la tension parietale et principalement pour les Ccoulements retard& et les tres fortes aspirations. Le 
parametre d’aspiration croit plus rapidement au voisinage du point de skparation. L’effet de la vitesse de 

glissement est nigligeable. 



Suction effect of fluid over a cylinder 

DER EINFLUB VON ABSAUGUNG UND SCHLUPFGESCHWINDIGKEIT 
BE1 DER UMSTROMUNG EINES KREISZYLINDERS MIT EINER 

NICHT-NEWTONSCHEN FLUSSIGKEIT 
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Zusammenfassung-Der EinfluD von Absaugung und Schlupfgeschwindigkeit bei erzwungener Kon- 
vektion urn einer Kreiszylinder wird untersucht. Der Kreiszylinder wird von einer Newtonschen 
Fliissigkeit und einem Fluid, dessen FlieBverhalten mit dem Potenzansatz beschrieben werden kann 
(Ostwald-Fliissigkeit), umstriimt. Die Impuls- und Energiegleichungen, die Kompatibilitats-- und 
Absaugbedingungen wurden hergeleitet und mittels eines Polynomansatzes fur das Geschwindigkeitsprofil 
gel&. Zur Losung wird die Methose von Geropp und Walz benutzt und fur die Umstromung eines 
Kreiszylinders wurde das PuIjere Geschwindigkeitsprofil von Hiemez-Gortler angewendet. Der EinfluR 
der Absaugung kann gut beobachtet werden, indem die Wandschubspannung und der “Absaug”- 
Parameter Iangs der Oberflache verfolgt wird. Ohne Absaugung wird der Ablosepunkt einer nicht- 
Newtonschen Striimung friiher erwartet, verlichen mit der Stromung einer Newtonschen Fliissigkeit urn 
einen Kreiszylinder. Bei Absaugung wurde der Ablijsepunkt verschoben. Der EinfuR der Absaugung ist 
sttiker beim Wandschubspannungsprofil, insbesondere fiir die verzijgerte Striimung und hiihere 
Absaugraten. Der “Absauge”-Parameter steigt an der N5he des AblGsepunktes stark an. Der Einflul3 

der Schlupfgeschwindigkeit ist VernachlLssigbar. 

BJIMtIHME OTCOCA I4 CKOPOCTM CKOJIbXEHMII HA 06TEKAHME 
KPYIOBOI-0 LHIJIMHflPA HEHbIGTOHOBCKOti XKM,QKOCTblO 

Am#oTaqHIi- PaCCMaTpRBaeTCn BJlHI(HHe OTCOCa M CKOpOCTWCKOJIbXeHMII Ha 06TeKaHMe KpyrOBOrO 

l,llJlHH~pa HeHblOTOHOBCKOfi XMRKOCTbH3 npll BblHyXjleHHOi? KOHBCKUIIM. nOJlyYeHbl ypaBHeHM,-, 

KOJIllYeCTBa JlBHXeHHSI A 3HeprHM,a TaKXeyCnOBHFl OTCOCa M COBMeCTMMOCTM. npO&inb CKOPOCTM 

OTblCKABaeTCIl B BHne nOJlRHOMa C TpeMn IlapaMeTpaMH. &Ul pelUeHRR llCnOJlb3yeTCSl MeTOLl 

flxeponna-Banbua, npri onucamin 06TeKaHFfX KpyroBoro nanminpa npMMeHfleTcs BHemHMB npo+snb 
CKOPOCTH XHMeUa-FepTJIepa. Bnnamie OTCOca Ha XapaKTep 06TeKaHHR npomnae-rcs B 3HaYeHmx 

KacaTenbHoro Hanpsxewiff Ha cTeHKe II napaMeTpa 0Tcoca saonb nosepxHocTM. npennonaraercn, 

YTO npll OTCyTCTBW OTCOCa TO'JKa OTpbIBa HeHbKlTOHOBCKOi? XHLIKOCTM npPi 06TeKaHMH IUUlMH,Zpa 

COBnaEieT C TOYKOii OTpblBa HbIOTOHOBCKOfi XHLIKOCTII. npH OTCOCe TOYKa OTpblBa CMelLlaeTCfl. 

Bnasmie OTCOCa HaM6onee CIlJIbHO CKaSblBaeTCII Ha npo+une KaCaTenbHOrO Hanpmemn Ha CTeHKe 

)I B OCHOBHOMnpPi3aTOpMOXeHHOMTeYeHMII I( 6onee HHTeHCHBHOM OTCOCe. B6nusn TOYKMOTpblBa 

napaMeTp OTCOCa BospacTaeT 6onee pe3KO. BnlrRHHe cKOPOCTH CKOnbXeHm npeHe6peXCMMO Mano. 


