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THE EFFECT OF PRANDTL NUMBER AND VISCOSITY VARIABLE
ON FREE CONVECTION BOUNDARY LAYER FLOWOF A
VISCOELASTIC FLUID PAST AN ELLIPTIC CYLINDER

'BASUKI WIDODO, 2ANNISADWI SULISTYANINGTYAS, *CHAIRUL IMRON

L23\athematics Department, Faculty of Mathematics and Natural Sciences, InstitutTeknologiSepuluhNopember Surabaya
Indonesia
E-mail: *b_widodo@matematika.its.ac.id

Abstract- Convection is the convective heat transfer from one place to another place which is caused by the movement of
fluid. Analytical solution of the convection equation is developed from nonlinear of Navier-Stokes. This paper considers the
steady boundary layer flow and heat transfer of viscoelastic fluid past an elliptic cylinder. The heat transfer comes from the
surface is proportional to the both of temperature on surrounding cylinder surface and the velocity of the fluid. The
governing equations are developed from continuity, momentum, and energy conservation. Further, those equations are
transformed into boundary layer equations. The boundary equations further are transformed into nondimensional form. The
similarity equations is applied to solve the non-dimensional form easily. We further solve the equations numerically by using
the finite difference method. The numerical results show that the temperature and the velocity distributions decrease when
the Prandtl number increases. For the variation of the viscosity variable, the temperature distributions increase and the
velocity distributions decrease when the viscosity variable increases.

Keywords- viscoelastic fluid, Navier-Stokes equations, boundary layer theory, finite difference method

I. INTRODUCTION governing equations are developed from mass,
momentum, and energy conservation, as follows [1]:
Convection is the convective heat transfer from one

place to another place which is caused by the  Continuity equation:

movement of fluid. In generally, there are two Ju v

convective forms, such as free convection and forced —e—m (1)
convection. There are many research for types of dx  dy

convection, especially for the application of the )

technique. Momentum equation:

Analytical solution of the convection equation is du  duy P Oty 0Ty
developed from nonlinear of Navier-Stokes and p(ua+v$) __aJrEJr dy +F
energy equation. Boundary layer equation is an initial ov v P 0Ty 3Ty,

solution to calculate that problems. Boundary layer is £ (ua i 1’5;) = +W +F (2)
a thin layer on a solid surface where the fluid flow is

influenced by the viscosity and inertia force of the £ tion:

cylinder. The governing equations are developed nergy equation.

from  continuity, ~momentum, and  energy gl df 2T @y

conservation. (u,}— ¥ 'U}_) s (fj_z“ +_C_ (T-T) 3)
Viscoelastic fluid is type of non-Newtonian fluid ex ay " Pep

whose viscos and elastic characteristic. Now, this
type has attracts many researchers because the
application of this fluid is very important, especially
for oil drilling, food and paper industry [1].This paper
considers the steady boundary layer flow and heat
transfer of non-Newtonian fluid past an elliptic
cylinder.

1. PROBLEM FORMULATION

We consider steady free convection boundary layer
flow past an elliptic cylinder in a viscoelastic fluid.
Fig. 1 illustrates the physical model and the
coordinate system of the elliptic cylinder, as in [2]
and [3]. It is assumed that the constant heat flux of
the surface cylinder is w and the ambient fluid is
Too, Where 7 = 7o for heated cylinder. The

Fig 1. Physical model and coordinate system
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In Egn. (2), the effect of viscous forces in fluid ( )is
solved by using Walter-B tensor, defined as [1]:

T = P‘H(Edij) = kn(zdnij) 4)
where
diy = V. %(d;)) — (di) )W) - V.¥(dy) (5)

and

1[av, av,
o ©

W=7 dx;
Substitute Eqn. (4) into Eqn. (6) and
definitionF = pg, where F = (Fx, Fy,())and

g= (—ng —gy,(]), the following equations are
obtain:

Momentum equation for x-coordinate:

=
|
+
|

u Bu 1P wgld?u 9%
=———+— +=—
}' pax p |8x% By

d3%u d3u
) ik (‘—axzay o a—ya) -
(dz +62v\] _ a_v a%u B
ay dxdy dx?) dx dxady

du 362u. 32_1.: lF .
ax\Caxz )| Tl LA

Momentum equation for y-coordinate:

v 61.?_ 19P y4 Bzv_'_ﬁ‘:v
Yox T VayT pay ' p it &y

ko 63v+ asv i 3 +d'312
?}_ % x> &0 y? ¥ dx2ady 6_3«3 *

du 38"1: My Bv(’azv 0%u
ax\"ay? ox? dx \axay-'—é;i i
ou 6'21?] 1

- —E 8
dy dxdy +,o % ®

Then, under the usual Bousinesq, boundary layer
approximation, and defined [3]:

gy = —gsin A
where

ik b sin B
sind =—
a (1 - e?sin? B)1/2

The equations for continuity, momentum, and energy
take the following form:
Continuity equation:

0ﬁ+05 " 0
0x 0dy ®)

Momentum equation:

on du [0%m o
== ind -
uax+v v 75 9p S
lc,] (% \ d3ﬁ
p 6x6y2)
du [ 0% +6u 8 i
TR
Energy equation:
_m‘*+ aT 62T+ 0, T-T.)
ax a ay* pcp
Subject to the Boundary Conditions
u=vp=10 o o 0
u=pyp=1\, Bﬁ_ A nys=
B0, ow(, Tt
u=>=u B_F— ’ T = w A5 Yy @

Below are the following non-dimensional variables:

p= %ar-”'*v. 0 = (T —T..)/(@wask)

x y
==, y=¢ 1/4(_)_
X a ¥y 7E o u

Substitution Eqgn. (12) into Eqgn. (9) to (11) lead to the
following non-dimensional equations:
Continuity equation:

a
==Gr7*a (12)

du Bv

FP ﬂy (13)

Momentum equation:

du odu 0% [6‘( 8214:)
u—tv—=——K|—u=—| +

o dy dy? dx \  dy?
a u du 0%u g o
ﬂ}f dy 0yox 3 (0
Energy equation:
6(9+ 6:9_ 1 329+ p (15)
“ox ey T pray !
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Subject to the Boundary Conditions:

u=v=0 8=-1 on y=0

ou
u— 0, 6}1-0'6:0 as y — oo (16)
and
el keGr' __ aQu
a’ pa? ¥ Ve, Gri®

Where Pr is Prandtl number, K 1is viscosity
variable, ¥ is heat generation, v is kinematic
viscosity, « is thermal diffusivity.

111. SOLUTION PROCEDURES
In order to solve Eqgn. (13) to (15) according to the

Boundary Condition Egn. (16), the following
variables are assumed [4]:

Y=xf(xy), 0=0(xy) (17)
where 1) s the streem function defined as [3] and

[4]:

U=, = —— (18)

By substituting Egn. (17) and (18) into Eqgns. (13) to
(15), we obtain:

&

(19)

dy

J? ik f\* af a*

ay* " dy? \dy dy 8xdy
of o°f . . {O5f O
aa—yg) + f@sind — Kx (axa}' ay3 +
of a*f efd*f @ f o°f
Ay dxdy® axdy* ay? oxdy?

araif a'f o*fo*f
1 420 a0

g_x(ﬁf’_ﬁ_ﬂﬁ)_

EW_F 5"‘]’ dydx Odxady -

(21)

With respect to the following Boundary Conditions:

f_af‘() i = =0

=—=0 8=-1 ony=

af o 9’ '

=i, === =0 asy—- o 22
3y 0, 3 0, @ as (22)

At the lower stagnation point of the cylinder, x =
0, Eqns. (19) 1o (21) are reduced 10 the following

ordinary differential equation:

4+ ff = () + OsinA+ KQ2f' " -

; ff(‘l-) = (fn)Z) =0 (23)
pp0" +f0 +v8=0 (24)
With the Boundary Conditions:

f(0)=f'(0)=0, 8'(0) =-1
f:(oo) = (. f”(m) =0, 6(c0) =0 (25)

Where primes denote the differentiation with respect
toY.

IV. RESULT AND DISCUSSION
The system of Equation (23) and (24) are solved

numerically for some values of the Prandtl numbers
Pr=0.04, 0.07, 0.073, 0.075 and the viscosity variable

K = 0.1, 0.101, 0.102, 0.103 using the finite
difference method [5-7].

r'=mp

= pav (26)
By substituting Egn. (26) into Egn. (23), the

following equations are obtained:

p" +pAyp' —p® + 0sind — K(2pp" -
pAyp"" — ®')?) =0 (27)

The present results for the wall temperature are
compared with previous research in order to validate
the numerical results. The comparison show that the
numerical solutions (Table 1) obtained by the present
authors concurs very well with those of previous
authors [8].

Py i(0) Ertor
Sallehdan | Sanf | Precet | Sallehdan | Sarf
Ner | (03) ) weslt | Namr | (W13)
(2010) (010)

05 921070 [021980( 921016 | 00063 | 00064

| HA400 | HAN00 B4 008 {002

111804 (157803 157730 0004 | 00073

31105357 [ 1053871 105945 1 000L2 [ 00012

Table 1. Comparison of the present numerical results
for wall temperature at K = Oandy = 1

Beside that comparison of the present result with
those of previous works on wall temperature, the
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comparison on temperature and velocity depicted in
Fig. 2 and 3. The variation of temperature and
velocity with various values of Prandtl numbers Pr=
0.04, 0.07, 0.073, 0.075 with the fixed Values Y =1
and K= 0.05 are illustrated in Fig. 2(a) and 2(b).
From the figures. We can see that the temperature and
velocity decrease when the 4 Prandtl number
increases.This is as expected because the increasing
of Prandtl number will affect the kinematic viscosity
and thermal diffusivity of the fluid.

The distribution of temperature and velocity profile
with various viscoelastic parameter K = 0.1, 0.101,
0.102, 0.103 with fixed value Pr= 0.05 and Y= 1 can
be seen in Fig. 3(a) and 3(b). Those figures obtain
that the temperature distribution increase when the
viscoelastic parameter increases, otherwise the
distribution of velocity decrease when the viscosity
variable increases. It is happen because of the friction
forces in viscoelastic fluid. The velocity distributions
decease when the friction forces increases, while the
opposite behavior is observed for the temperature
profile.

an
""" Pr=004
a0 - —— =P -00 -
R - Py = 0073
fit
TO- e Pr - 0075 -
S
- u,
b'U-\\‘ e ’ i
& ST
iR O T 4
T b 05
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30- Mg B T )
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1] = 10 s 2 * i
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Fig. 2(a) Temperature distribution for various value of
Praty =1and K = 0.05
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Katy = 1 and Pr = 0.05
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CONCLUSION

1.The governing equations are developed from
continuity, momentum, and energy conservation.
Further, those equations are transformed into
boundary layer equations and transformed into a
nondimensional form. The resulting nonlinear
system of partial differential equations are solved
numerically using the finite difference method.

2. This research has revealed how the Prandtl number
and viscosity variable affect the flow and heat
transfer characteristics. The temperature and
velocity distributions decrease when the value of
Prandtl number, Pr increases. While for the
variation  of  viscosity variable, velocity
distributions decrease when the value of viscosity
variable, K increases while the opposite behavior is
observed for the temperature profile.
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