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Jeffrey Fluid Behaviour on Oscillatory Couette
Flow past Two Horizontal Parallel Plates in
Presence of MHD and Radiative Heat Transfer

Y. Sunita Rani

Abstract— The aim of this study carry out on an unsteady
MHD at no cost convective oscillatory Couette flow of a well-
known non-Newtonian Jeffrey fluid of an optically thin fluid
bounded by two horizontal porous parallel walls in a channel
embedded in porous medium in the presence of thermal radiation
and angle of inclination. Design and Method is the flow is
governed by a coupled non-linear system of partial differential
equations which are solved numerically by using finite difference
method. Results are the impacts of various physical parameters
on the flow quantities viz. velocity and temperature reports, skin-
friction and rate of heat transfer coefficients are studied
numerically. The results are discussed with the help of graphs
and tables. Conclusion is the finite difference results are
compared favourably with already established results in
literatures.

Index Term: MHD, Couette flow, Jeffrey Fluid, Finite
difference method

I. INTRODUCTION

In fluid dynamics, Couette flow refers to the laminar flow
of a viscous incompressible fluid in the space between two
parallel plates, one of which is moving and the other
remains fixed. Couette flow occurs in fluid machinery
involving moving parts and is especially important for
hydrodynamic lubrication. Couette flow has been used as
the fundamental method for the measurement of viscosity
and as a means of estimating the drag force in many wall
driven applications [1]. Israel-Cookey et al. discussed
oscillator magneto hydrodynamic Couette run of a radiating
viscous liquid in a porous intermediate with episodic
partition heat. This proposed paper is to inspect impacts of
temperature vitality and thick dissemination on free
convective Couette flow of a gooey, incompressible,
electrically directing Jeffrey fluid over a vertical plate
within the sight of attractive field and edge of tendency.

The overseeing conditions are first changed into a lot of
standardized conditions and after that comprehended
diagnostically by utilizing finite difference and a general
arrangement is acquired. The comments for neighbourhood
skin grating, Nusselt and Sherwood numbers against
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different physical parameters are assessed numerically and
exhibited through tables.

Il. ARTHEMATICAL STUDY
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Fig. 1. material pattern and coordinates scheme

1. A Cartesian organize framework is considered as
!

pursued: the X' — axis pivot is along the plate, the y - axis
is opposite to it.

2. The plates are situated at ¥ = Oang¥ =N,

3. The two plates are thought to be electrically non-

!

directing and kept at two steady temperatures: ™ for the

! ! !

lower plate and T for the upper plate with 8> '™
4, A steady weight inclination is connected toward the
path and the upper plate is moving with a consistent speed

U, while the lower plate is kept stationary.

5. A uniform attractive field B° is connected the

!
positive y - way. By expecting a little attractive Reynolds
number the instigated attractive field is disregarded.

6. Since the plates are infinite in the X'and Z2' -
direction, the physical factors are invariant in these ways. It
is expected that there is no connected voltage which
suggests the nonattendance of an electric field.

7. The Cauchy stress tensor, S ofa Jeffrey's non-
Newtonian fluid accepts the structure as pursues:

. -
S=—tly+ay |
1+/‘.-'\_ v
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8. The shear rate and gradient of shear rate are further

defined in terms of velocity vector, Vv , as follows:

where ¥y =V 7+ [? P—’]T

and ¥ =

(7 )+r9)

_—

D_.|n__

(2 &)

A. Momentum Equation

o du’ ou A 1 T
PP +[1 /Ijay’z +pufi( TS)(COSa)—(WJrijj(u -U)

(4)
B. Energy Equation
oT'’

p_' aQr O_BZ 12
ot

_ o ﬂ(au'jz
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C. Conditions of Boundary
—U, [+ ) T/ =T} +(T, -T)e" at y'= 0}
(6)

oC

u'=0,T'=T, at y'=h

S

Assumed temperatures are

’ !
T m & T are enough to induce radiative heat transfer.

S radiative heat flux O as

0
i — 4(02( i _T!)
oy’ S
()
(7) In (5), rewrite equations are
wgl::wa;tj{ljljgyu +(GrYcosa)p—(z* +M?Ju-U) ©
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Where U=1+e and the corresponding Border States
are

u=1+e", f=1+e"at y=0 & u—0, /-0 at y=1 (10)

Dimensionless parameters & variables for above
equations are
y:L,u=u ,U:U ,t:th,H:Q,
h U, U, h? Th =T,
2(Tr _ T 2 212
Gr:gﬂh (Trn TS)’ZZZ h 7M2:O-Boh ,
vU, K'pv vp
2K2 VC UZ rh2
Feodo o P70 gl Yo, @D
K K Cp( " —TS) v (11)

For pragmatic engineering applications and the structure
of chemical engineering frameworks, amounts of intrigue
incorporate the accompanying skin-friction and pace of heat
transfer coefficients valuable to process. The skin-friction or
the shear worry at the moving plate of the direct in non-
dimensional structure is given by

[ 1 )fw { 8u} [ 1 ) 200 [ j[au}
QlTw_ v ()
1+ 1) puy, oy yo 1+ 1+4) oy y=0

(12)
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The rate of heat transfer at the moving hot plate of the
channel in non-dimensional form

o)
(97 - {2)
¥ )y

(13)

Nu, =-X
Tn—T,

Heat transfer rate on the stationary plate is
(aT J
oy _ 00
AV Jyn o Nu,Re ' = —[—J
y=1

Tng _Ts, ay
(14)

Nu, =—X

I11. FINITE DIFFERENCE SCHEME

u?—u) ou [ 1 Y ul,-2u) +u).
o =0—+ =
At a \1+2 (ayY

oty o nlfi])
(16)

Where the indices i and ) refer to Y and t
respectively. The initial and boundary conditions (10) yield.

W=0,6"=0 for alli,u/) =U, ¢ =U ati=0& u -0, § >0
(17)

(15)

A. Validation of Code

Table-1: present skin-friction (t) results with the skin-

friction (t*) results of Israel-Cookey et al. comparison

[6] for variations of Grashof number for Magnetic field
& heat transfer parameter

u Gr=20 Gr=50

T T T T
0.5 | 042785612 | 0427979 | 036651489 | 0366666
10 | 034152449 | 0341348 | 042080164 | 0420780
15 | 022583304 | 0225000 | 049013047 | 0490254
20 | 010751318 | 0.107657 | 055691427 | 0556827
25 | 0.00403614 | 0.004081 | 0.60726491 | 0.608813

Tables 1, 2, 3 and 4 when pertinent parameters 1 = a = 0.
Present results are compared by finite difference method is
good conformity through solutions by Israel-Cookey et al
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Table-2: present skin-friction (1), skin-friction (t*),

Israel-Cookey et al. [6] results comparison for Grashof

number for heat transfer and Porosity parameter
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Table-4: Comparison of the present Nusselt number
(Nuo) results with the Nusselt number (Nu*) results of
Israel-Cookey et al. [6] for variations of Thermal
radiation parameter

F Nu, Nu*

0.5 1.10015534 1.10024
1.0 1.31922468 1.32751
1.5 1.66543842 1.66653
2.0 2.06853146 2.07957
2.5 252064128 253619

p Gr=110 ‘ Gr=310 ‘

I T T T
0.1 D.lDSéSISi 0.109924 | 0.03348013 | 0333610
02 D_IDE;EITE 0.109344 [ 033389612 | 0333922
03 D'ID;ﬁSH 0.107634 | 033617831 | 0.356830
04 D_ID-*;'."DH 0.104814 | 033601843 | 0338330
03 D.lDE;EDw 0.100913 | 056124893 | 0360430
0.6 D.DDE;SlZi 0.093982 | 036313294 | 0363030
07 D'QDE_];?M 0.090070 | 056623849 | 0566171
0.8 D,DS311.156 0083244 | 0356920148 | 0369730
09 D'D??Bgl 00735376 | 056823473 | 0.373733
10 D_Dﬁl}ijg? 0061472 | 057903156 | 0.578072

Table-3: present skin-friction (t), skin-friction (t%),

Israel-Cookey et al. [6] results comparison of Grashof

number for Thermal radiation & heat transfer

parameter
T Gr=20 Gr=30
1 r I r

0.3 | 002056814 | 0.0203725 | 0.77634201 | 0.774338
10 | 004233692 | 0.0423447 | 0.71930433 | 0.720108
1.5 | 007290154 | 0.0731078 | 063812451 | 0643200
20 [ 010733982 | 0.1076370 | 0.54932688 | 0336827
13 | 014230482 | 01421260 | 046920138 | 0470633
30 | 017469301 | 0.1743390 | 039830132 | 0390121
33 | 020330164 | 02034000 | 032013478 | 0317447
40 1022891542 | 02291960 | 026018423 | 0252980
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IV. RESULT AND DISCUSSION

Results are discussed using various the Grashof number
for heat transfer (Gr), Magnetic field parameter (M ?2),
Porosity parameter (y ?), Jeffrey fluid parameter (4),
Thermal radiation parameter (F 2), Time (t), Frequency of
Oscillation parameter (w), Prandtl number (Pr), Inclination
angle parameter (a) and Eckert number (Ec). All the
numerical values are plotted in below mentioned figures.
Fig. 2 shows that proportionality between thermal Grashof
number and velocity. When Grashof number increases

Velocity increased because of buoyancy force of
gravitational to improve the fluid velocity.
>
u
1 -}
Gr=10.20.3040
O T T T T
0 02 04 y 06 08 1
Fig. 2. Gr Velocity impact repors
2
u
1

0 02 04 y 06 0.8 1

Fig. 3. M 2 impact on Velocity reports

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)

Exploring Innovation


https://www.openaccess.nl/en/open-publications
http://www.ijitee.org/

Jeffrey Fluid Behaviour on Oscillatory Couette Flow past Two Horizontal Parallel Plates in Presence of MHD and
Radioactive Heat Transfer

o]

0 0.2 04 v 06

Fig. 4. x 2 impact on Velocity reports
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Fig. 5. Impact of 2 on Velocity reports
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Fig. 6. Impact of t on Velocity reports
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Fig. 7. Impact of t on temperature reports
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Results are discussed using various the Grashof number for
heat transfer (Gr), Magnetic field parameter (M 2), Porosity
parameter (y 2), Jeffrey fluid parameter (A), Thermal
radiation parameter (F 2), Time (t), Frequency of Oscillation
parameter (®), Prandtl number (Pr), Inclination angle
parameter (o) and Eckert number (Ec). All the numerical
values are plotted in below mentioned figures. Fig. 2 shows
that proportionality between thermal Grashof number and
velocity. When Grashof number increases Velocity
increased because of buoyancy force of gravitational to
improve the fluid velocity. Fig. 3 shows that velocity is
getting reduced due to as Lorentz force and finally fluid
velocity reduced. In Figure 4 we demonstrate the
permeability impact. The velocity is increased due to
dimensionless porous medium y 2becomes smaller. In figure
Figure 5 shows that impact of Jeffrey fluid and velocity. As
Jeffrey fluid values increases velocity decreases. Figure 6
and 7 shows that the impact time on velocity & temperature.
Velocity and time increases when time increases. As is
evident from the Figure 8 and 9 demonstrate that velocity
and temperature parameter decreases with oscillating
frequency increases. Figure 10 and 11 demonstrate that
velocity and temperature values for different Prandtl
number. Increasing the Prandtl number decreasing velocity

and temperature.
ol

“~

0 0.2

0.4 y 06 0.8 1

Fig. 8. ® impact on Velocity
Figure 12 and 13 shows the Eckert number on
temperature and velocity. High viscous causes increase in
velocity and temperature. Figure 14 and 15 show the impact
of thermal radiation and temperature and velocity. Velocity
Increasing due to increase radiation and temperature
decreases due to incease in radiation.

~

0 0.2 04 v 06 0.8 1

Fig. 9. @ impact on temperature

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)

Exploring Innovation


http://www.ijitee.org/
http://www.sciencedirect.com/science/article/pii/S1110016815000460#f0040

International Journal of Innovative Technology and Exploring Engineering (1JITEE)
PEEN Qo)L ISSN: 2278-3075 (Online), Volume-8 Issue-11, September 2019

2 2
[rs
u 1
1 - F2=05_1015 20
L.0.71,7.0,11.62
O T T T T
0] o2 0.4 hY 0.6 08 1
Fig. 14. F 2 impact on Velocity
D T T T T 2
0 02 04 vy 06 08 1
Fig. 10. Pr impact on velocity e
2 1
Fi=05,101520
0 ' T T T
9 (0] 02 0.4 ¥ 0.6 0.8 1
1 Fig. 15. F 2 impact on temperature
0.71. 7.0. 1162 In table 2 describe that Porosity parameter impact on
oo T e skin-friction coefficient. From this table numerical values of
skin-friction coefficient linearly high due to Porosity
parameter. Values of skin-friction and heat transfer rate
coefficients increase as radiation of Thermal values
0 increased at tables 3 and 4. Table 4 shows skin-friction
0 0.2 04 y 06 08 1 coefficient with different parameters and time increasing
. . values and Eckert number increases and increasing Jeffrey
Fig. 11. Primpact on temperature fluid parameter, Frequency of oscillations parameter,
2 Prandtl number and Angle of inclination parameter reduced
skin-friction coefficient in table.
Table-5. Heat transfer rate coefficient different value of
y Pr,Ec,tand w at Gr=5.0, y°=05 M2=05,4=05,a=
30°and F2=05
14 Pr |Ec |t o |a |2 ¢
Ec=0001,001.0.1,1.0 0.71 (1)'00 1.0 |05 |30° |05 |0.3685241641
0.00
7.00 1 1.0 |05 |30° |05 |0.3301562478
1.00 o
0 : : : : 0.71 0 1.0 |05 |30 0.5 | 0.3761530489
0 02 04y 06 08 1 071 | 2% |20 |05 |30° |05 | 03831990482
Fig. 12. Ec impact on Velocity 0.00
2 0.71 1' 1.0 |1.0 |30° |05 |0.3480692273
0.00 o
0.71 1 1.0 |05 |45 0.5 | 0.3216350951
e 071 | 7% |10 |05 |30° |10 | 0.3501446037
1 —
Ee=0001_001_0.1_1.0
O T T T T
0 0.2 04 Vv 0.6 0.8 1
Fig. 13. Ec impact on temperature
Retrieval Number: K25300981119/19©BEIESP Published By: o
DOI: 10.35940/ijitee.K2530.0981119 Blue Eyes Intelligence Engineering
Journal Website: www.ijitee.org and Sciences Publication (BEIESP)

3256 © Copyright: All rights reserved. oo e


https://www.openaccess.nl/en/open-publications
http://www.ijitee.org/

Jeffrey Fluid Behaviour on Oscillatory Couette Flow past Two Horizontal Parallel Plates in Presence of MHD and
Radioactive Heat Transfer

Pr Ec t 10} Nu

0.71 0.001 | 1.0 0.5 1.1206354824
7.00 |0.001 |10 0.5 1.1060553954
0.71 1.000 | 1.0 0.5 1.1329577051
0.71 0.001 | 2.0 0.5 1.1422031957
0.71 0.001 | 1.0 1.0 1.1144985016

V. CONCLUSION AND FUTURE WORK

In this proposed system Grashof number impacted to heat
transfer which is to restrain velocity impacted skin-friction
coefficient improvement. Velocity decreases due to
increasing magnetic field values. Result found that
temperature decreases due to increase in prandtl number,
thermal radiation increases due to surface stress increases.
Frequency of oscillation parameter reduces due to heat
transfer rate coefficient values, Wall temperature increases
through increasing Eckert number, due to increase in
radiation parameter temperature increases. High accuracy of
numerical results compared with results of Israel-Cookey et
al and found good agreement.
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