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Abstract

A numerical analysis was carried out on convective flow past a vertical oscillating cylinder with non-constant viscosity under the influ-
ence of magnetic field effects. The governing equations related to the flow problem are unsteady, nonlinear coupled partial differential
equations. The same was transformed into a dimensionless form and the final form of equations was solved numerically. The approxi-
mate values of velocity, temperature, skin friction and Nusselt number are obtained. The viscosity considered as a function of tempera-

ture.
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1. Introduction

The first exact solution of Navier-Stokes equation was given by
Stokes [1] which is concerned with flow of viscous incompressi-
ble past an horizontal plate oscillating in its own plane. When the
vertical isothermal plate is oscillating in its own plane, in a vis-
cous fluid, how the fluid is affected by free convection currents? it
was first examined by Soundalgekar [2]. Revankar [3] analysed
the same problem for an impulsively started or oscillating plate.
Turbatu et al. [4] investigated the flow of an incompressible vis-
cous fluid past an infinite oscillating with increasing or decreasing
velocity amplitude of oscillation. Soundalgekar [5] gave an exact
solution for magnetic free convection flow past an oscillating
plate..

All the above research were restricted to constant viscosity. How-
ever the non-constant viscosity is important in the case of high
temperature (Schlitchting [6], Kakak et al. [7] , Cengel [8]).
Kafoussius and Rees [9] the mixed convection boundary layer
flow over a vertical plate with temperature dependent viscosity.
Elbashbeshy and Bazid [10] considered the variable viscosity and
shown the importance for considering the variable viscosity, i.e.,
the flow fields are effected significantly compared to the constant
viscosity. Cengal [8] and Touloukain et al. [11] derived an empiri-
cal relationship between the viscosity and temperature.

However, the influence of thermal radiation by natural convection
flow past a semi-infinite vertical oscillating cylinder subjected to a
constant heat flux has not received the attention of any researcher.
It is now proposed to study the effects of oscillating vertical cylin-
der with thermal radiation and free convection currents on the
flow of a viscous fluid which is stationary and extending to infini-
ty. As the leading edge effects are important in such a problem. It
is interesting to know the effects of oscillating cylinder and the
free convection currents on the leading edge effects. The present

study will be found useful in the change of space ships.

2. Basic Equations and Mathematical Analysis

A numerical analysis is made of the flow generated in a viscous
incompressible fluid past a semi-infinite vertical oscillating cylin-
der of radius ry. We choose the x- axis is taken along the cylinder
in the upward direction and r to be chosen along the radial direc-
tion i.e., normal to the vertical cylinder. Further we assume that

the fluid and the surrounding temperature are the sameTw’ . As
t’'>0 the cylinder starts oscillating in the vertical direction with

velocity U, CcoS@'t’ and the temperature of the cylinder is

’
maintained at TW as a result it raise in the buoyancy force. Also,

we are not considered the effect of viscous dissipation in the ener-
gy equation. With the Boussinesq approximation, the boundary
layer equations governing the natural convection flow can be gov-
erned by the following set of equations:
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t'<0:u=0, v=0, T’ :Tw' for all x and r>r, E;g ;:é)rrrnfzegr;cii\llr;% Igl)lltla| and boundary conditions in a dimension-
t'>0:u=u,cosewt, v=0, T'=T atr=r
0 v 0 t<0: U=0, V=0 T=0 forall X and R
u=0 =T, atx=0andr2, () {50 U=coset, V=0, T=1 atR=1
u—0, T 5T/, as r— o U=0 T=0 at X =0 (12)
The initial and boundary conditions are where u and v are the ve- U-0, T-0 as R
locity components along x and r directions respectively, T the The local non-dimensional skin friction and the local Nusselt
temperature of the fluid in the boundary layer, Tm' is the tem-  Number are given by:
perature far away from the surface, t' is the time, g is the acceler- oT
ation due to gravity, B is the volumetric coefficient of thermal —X [ j
expansion, and p is the density. _ 8U NU. — oR R=1 (12)
The variation of viscosity can be taken in the form p(T) = Ix = 8R X T !
R=1

H.(1+yT) which was proposed by Cengel [8] and Toulokian et
al.[11].

The physical quantities of interest are the local skin friction, 7,

and the local Nusselt number Nux which are given respectively
by
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Also the average skin friction ZTL and the average Nusselt number
is given by
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On introducing the following non-dimensional quantities:
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where Pr is the Prandtl number of the fluid and Gr is the grashof
number.

Equations (1), (2) and (3) reduce to the following dimensionless
form:
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3. Numerical Techniques

The governing partial differential equation in non-dimensional
form is unsteady, non-linear and coupled, so it is quite difficult to
solve the problem. So, we proposed to solve the governing non-
dimensional form equations by an efficient and also more accurate
finite difference scheme Crank-Nicolson. For this purpose, we
consider the rectangular region with appropriate mesh sides Xyax
(=1) and Ryax(=22) where Ry corresponds to R= oo, which lies
very well outside the momentum and thermal boundary layers. In
order to get the reliable numerical results, we choose the mesh
sizes AX =0.02 , AR =0.2 and At =0.01. Computational proce-
dures carried out till we get the steady state solution with the tol-
erance limit 10°. The proposed scheme is more comfortable to
handle the finite difference scheme.

4. Results and Discussion

Figure 1 represents the flow field with respect to variation of fre-
quency parameter ot and magnetic field parameter M. When the
there is no applied magnetic field i.e, M = 0, more time is needed
to reach the steady state solution. The velocity of fluid increases
rapidly near the surface of the cylinder and decreases gradually far
away from the surface. The velocity of fluid gets reduced by the
applying more magnetic field. Similarly, the behaviour of temper-
ature of the fluid was also analysed and shown graphically in Fig-
ure 2. The temperature of the air raised due to increase in the
magnetic field. Also, the temperature increases with the increasing
oscillating frequency parameter.

The approximate values of U and T are calculated for different
values of Pr and Gr during the transient period and are shown
graphically in the Figure 3 and 4. From the approximate value, we
conclude that the velocity of air increases drastically compare than
the velocity of water. The velocity of fluid increases rapidly near
the surface R=2 and then gradually reduced to zero. More calcula-
tion time is required for higher values of Prandtl number of the
fluid. Similarly, the computation procedure takes more time to get
the steady state in the case of higher values of Grashof number in
compare with the lower values of Grashof number. Due to in-
crease in the value of Grashof number, the velocity of fluid get
increases. The temperature of the water is very low, in comparison
with the temperature of air, this is quite expected.

The effect of variation of viscosity are considered and calculated
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the numerical values of velocity and temperature are shown graph-
ical form in the Figure 5 and 6. When we consider the viscosity as
constant (y=0), the velocity increases drastically, but when we
consider the variation of viscosity the velocity get decreases. Also,
the calculating time will be very low in the case of constant vis-
cosity, but the viscosity parameter increases the computational
time will increases gradually. The velocity increases as y decreas-
es near the surface and the reverse trend is noticed far away from
the surface of the cylinder. The temperature get reduced by in-
creasing the viscosity parameter.

The study of local as well as average shearing stress and rate of
heat transfer is quite interesting and has various physical applica-
tions. Due to this, we studied the local as well as average skin
friction and Nusselt number with the effect of various parameter
which involved in the flow governing equations.

The numerical values of skin friction and Nusselt number are cal-
culated from the equations (12) and (13) with respect to variation
of different parameters involved in the flow equations and are
depicted graphically in Figures 7-12. From the figures, we see that
the local and average skin friction increases as the viscosity pa-
rameter increases. Also, we see that the values of local skin fric-
tion is more in the case of higher values of oscillating parameter

and similarly the same trend is notice for magnetic field parameter.

From figure 9, we notice that the heat transfer coefficient get re-
duced in the case of higher values of M, but the reverse trend is
noticed in the case of variation of oscillating parameter.

5. Concluding Remarks

A numerical analysis is performed to study the non-constant vis-
cosity with the magnetic field along the free convection flow past
a semi-infinite vertical oscillating cylinder with uniform surface.
The effect of viscous dissipation in the temperature equation are
not considered. The group of partial differential equations in non-

dimensional form are solved numerically using well know method.

The approximate values of velocity, temperature, skin friction and
Nusselt number are obtained for different values of parameters
involved in the flow problem. The following conclusions are made
during the analysis of the problem:
1.  More calculation time is needed to reach the steady state
solution in the case of constant viscosity.
2. The variation of viscosity is more effect near the surface of
the cylinder.
3. The variation of viscosity shows that it introduce a substan-
tial error, which means that we cannot neglect the variation
of viscosity.

o &

The local Nusselt number decreases with the increasing val-
ue of v.
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The local sand average skin friction increases as y increases.

References

[1] Stokes G.G., On the effect of the internal friction of fluid on the
motion of pendulum, Transactions Cambridge Philosophical Socie-
ty, IX, 8-106, 1851.

[2] Soundalgekar V.M., Free convection effects on the flow past a ver-
tical oscillating plate, Astrophysics and Space Science, 64, 165-172,
1979.

[3] Revankar S.T., Free convection effects on flow past an impulsively
started or oscillating infiite vertical plate, Mechanics Research
Comm., 27, 241-246, 2000.

[4] Turbatu S., Buhler K., and Zierep J., New solutions of the Il Stokes
problem for an oscillating flat plate, Acta Mechanica, 129, 25-30,
1998.

[5] Soundalgekar V.M., Das U.N., and Deka R.K., Free convection ef-
fects on MHD flow past an infinite vertical oscillating plate with
constant heat flux, Indian Journal of Mathematics, 39(3), 195-202,
1997.

[6] Schlichting, Boundary layer theory, Mc Graw-Hill, New York,
1979.

[7] Kakac S., Shah R.K., and Aung W., Handbook of single-phase
convective heat transfer, John Wiley and Sons, New York, 1987.

[8] Cengel Y., Fluid Mechanics fundamentals and applications,
McGraw-Hill, New York, 2006.

[9] Kafoussius N.G., and Rees D.A.S., Acta Mechanica, 127, 39, 1998.

[10] Elbashbeshy E.M.A., and Bazid M.A.A., J.Phys.D:Applied Physics,
33, 2716, 2000.

[11] Touloukian Y.S., Saxena S.C., and Hestermans P., Thermophysical
properties of matter, Viscosity, The TPRC Data Series, Plenum,
New York, 1975.

[12] Carnahan B., Luther H.A. and Wilkes J.O., Applied Numerical
Methods, John Wiley and Sons, New York, 1969

Pr-a?
Gr=%
1«05

Fig 1 Tramviest temperatare profies at X=1.0
$ar dSeremt valwes af of o M (" steadr state)



70

International Journal of Engineering & Technology
. )
=23 ——
M=05 ni=e —ent
1 p=s M M:-:L: crrsTl
o yo b
"
ws L § foame
L= 10 1=4T an NG ATl
“ale=§ (=17} L g REL R )
SO=10 1=040 :"
" T v*
v B
as e
"
W _a G 15K
N\ G 0 1
(R W S REL T
'
. A
x>
u s ‘.'f“
. “‘|
‘I “‘\
‘ O
\ LR
X! Sers
'] ~ ..‘.IA
' — 1 A 3
1 L) RS ' M
Frz2 Trambest sebacty peafiles st X = 1.0 Flg4 Tramsbewt iengeratuee profles at X-1.0
Sor differeat valaes of Prasd Cr *-sseady stale) for diflerext vabues o Pr smd Gr (*-steady stale)
(M 1
Bei? s
g7 g
=00 (=74 G =t :‘";5
27204 12760 o
Srelbpalne =03 s
R Lt
. \
1 =l e= 1N
- o 7208 1224
2" (ARt o
Pt ut
\ /
" \
(R
'
1 1 $ 1
]
1 3 i L &
Fig 8 Tramiient velocity pesfies 21 X = 14 Fig6 Tranvieat tetsperstare profs 1 X = 14
for AMTerent + (* steadly state) for difereat ) * steady state)
o
=0T
Gr=2
§ w=ed r=08
M=01 (=05
0§ o1
i
tl ol
i
¢ 3
p
ol
0
' 3] 1 o 1 ¢
X 0 [ 5 0s 0T |
X
Fig.7 Local skin friction

Figh Local Nassell number



International Journal of Engineering & Technology

71

Pr=07 M=0d éf{#
s Gr=5 e ——
| 1=05 ar=xd
!-!l
*at=z3
06 or-ed
5 H
b 04
a2
” 0
35 $ \75
’ » 2 o 0 . as i
X
X
Fig.9 Lacal skin frictha Fig.10 Lacal Nusselt sumber
s 12
P07
Gr=2
P=01 L1s s
o Gr=2 =10 :_;{
e 2
M=02 N
w 3
<
= 105 £
T 7 v’ 00 7;05
n: y=hs / !
l 1
7
~ie
w1 P4 098
=00
ns
. 0 3 K] Kl b
' ] ) 4 P
'
Fig.11 Average skis friction Fig. 12 Avorage Nusselt number
o4 14
d-t!
M-0s., Preo7
\ Mel2 N Gres
aw B S p=08
fr=a2 14
Gres
" L
™ }i
o W
12 Mes
w20 '\‘ \,
Mo0s -
Mo S
(%) "\L '\1\ = —
_ﬂ' F A
M-u'/
Mens s
w ]
0 3 3 . 0 2 3 ]
! 1
Fig. 13 Average skin friction Flg.14 Average Nusselt number




