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Steady Flow and Heat Transfer between Two Rotating Discs
of Different Transpiration at Constant Heat Flux

Dr. M. Rahman

The flow and heas srinsfer of a viscous incompressible flud between rwo coaxral
infinite porous rorating discs have been considered for small cross flow Reynolds number.

The disus are rotazing with different angular velocities ard one af tyern is kept at corstant

heat flux. 1he governing equations have been solved using cross flow Reynolds nwmber as
persurbation parameier. The effecss of the heat flux in the velocity components and
semperarnre fields are obrained and shown Lraphically.

1. Introduction

The flow of an incompressible fluid over a single
infinite rotating disc was firsc studied by Von Karman
(1)and Bodewadr (2) Barchelor {3) applied the solurion
of Von Karman and Bodewadth for the case of two
infinite rotating discs. Stewartson (4) obtained the
approximate solutions for large and small values of
Reynolds numbers. Stuart (5) investigated the flow of
2 single rotating disc of infinite cadius with uniform
suction at the disc and obtained numerical solution for
both large and small values of suction paramerer.
Pearson (6), Lance and Rogers (7) and Mellor (8) et.al
obtained the numerical solution of the problem of
Stewartson, Ran and Gupra (9) extendexd the Stuurts's
problem by considering the effect of transverse magnetic
field for large suction Reynolds number. Loper and
Benton (10) studied the spin up of electrically
conducting fuid. Gaur (11) discussed ‘the problem of
Srewarrson by considering the cffect of porosity.
Narayan and Rudraih (12) studied the flow of a viscous
incompressible fluid between two co-axial circular discs
with uniform suction at the stationary disc and they
obuained the solutions for large and small suction
Reynolds number. Wilson (13) studied che Narayan
and Rudraih's problem only by changing the
application of suction in either ane of the discs. Chawla
(14,15) studied hydro magnetic spin up and flow

induced by torsion ally oscillating disc. Khare (16)
studied the Narayan and Rudraih’s problem for
elecrrically conducting viscous fluid in presence of
rransverse magnetic field. Hossain and Rahman (17)
studied the problem of Gaur by considering transverse
mugnetic field.

[n all these above investigations heat transfer aspect
has not been considered. Purohit and Paridar (18)
studied the steady flow and heat transfer of viscous
incompressible fluid between two infinite rotating discs
for small Reynolds number. They have considered the
rate of suction to be different from the rare of injection
Dhanak (19) studied the effeces of uniform suction on
the stability of flow on a rorating disc. Recentdy Das
and Aziz (20) extended the problem studied by Purohic
and Patider by introducing a rransverse magnetic field.

The aim of the present paper is to investigate the
effect of constant hear flux ac the lower disc on the flow
of a viscous incompressible fluid between the two
parallel porous rotating disc of infinite extent. The
governing equations have been solved with perturbarion
technique taking cross flow Reynalds number as the
perturbation parameter,

2, Mathematical Analysis
Consider the flow of a viscous incompressible fluid
berween twa co — axial parallel parous discs of infinite
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THREE DIMENSIONAL OSCILLATORY FREE CONVECTIVE MHD FLOW
AND HEAT TRANSFER ALONG AN INFINITE VERTICAL POROUS PLATE

A. Aziz!, U. N. Das? and M, Rahman®
'Depastment of Mathematics, Karimganj College, Dist. Karimganj {Assam), India
"Depactment of Mathematies, Gauhati Univercity, Guwahati {Assam), Tndia
IDepartment of Mathematics, Nabajyoti Collese, Barpeta (Assam), India

(Recewed November 12, 2003)

Abstract. The free convection MHD flow aud heat along a vertical porous plate are investi-
pated when o transverse smusoidal suetion velocity distribution fuctuating with e is applied.
Tiue to this type of suction velocity at the plate the low becomes three dimensional one. For
ssvmptotic fiow condition, the wall shear stress in the direction of main fAow and the rate of
heat transter from plate to the (uid are obtained. The effects of varjous parameters enteriny
into the problem are di d wad ghow hicall

1. Intraduction

The problem of laminar fow control is gaining considerable impartance in the fields of Aeronantical
Engineering, in view of its applications to reduce drag and hence the vehicle power requirement
by o substantinl amount. The development on this subject has been compiled by Lachmann [4].
Theoretiwal and experimental investigations have shown that the (rapsition from [aminar ta the
tucbulent flow which causes the drag coellicien! 1o increase, may be prevented by suction of the
fluel and hear transfer from boundary layer to the wall. The offect of different ACFANZETICN 5
and conligurations of (he suclion holes and slits on the drag have been studicd extensively. To
obtoin any dusired reduction iu the drag by increasing suction alone is uneconomical as the enoruy
consumption of the suction pump will be more. Therefore the methad of "cooling of the wall’ in
contralling the laminar flow together with the spplication of suction has become mare usefal and
has received the atteation of more workers. The free convection Row past and infinite porous plare
was snalyses by Messiha [5] in case of constant suction velocity. Pop(7] studied the effects of a
surtin velority which varies periodically with time on the unsteady free convection flow past a
vertical porous plate. Pande et. al [6] investigated the effects of unsteady free convection on the
fow near a poraus infinite vertical hmiting surface with constant suction, Most of the investigators
have however, conlined th ves o two di ional lows. There may arise situations where the
flow felds may be sally three di ional, for ple, when voriation in the suction velocity
disteibution is trensverse to the potential flow. 4

Recently Gersten and Gross (2] have studied the effects of transverse sinuzoidal suction velaeity
an the Hlow awd heat transfer aver 5 porous plane wall. There after Singh et al |9 analvsed ihe

Keywords and phrases : Free Convection, Fluciuating aud MED Flow, Heat Transfer.
AMSE Subject Classification : 76W.
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Abstract

The free convection flow and heat tranefor along a vertical porous plate
are investigated when a transverse sinusoidal suction wvelacity
distribution fluctuating with time is applied. Due to this type of suction
velocity at the plate the flow becomes three dimensional one. For
asymptotic flow condition, the wall shear strees in the direction of main
flow and the rate of heat transfer from plate to the fuid are obtained,
The effects of various parametors entering into the problem are
discussed and shown graphically,
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Oscillatory free convective MHD flow past an infinite
plate through a porous medium with constant heat flux

*A.AZIZ, U.N. DAS, ***S. AHMED and *M. RAHMAN
*Department of Mathematics, Nabajyoti College, Barpota,
**Department of Mathematics, Gauhati University, Guwahati 781014
***Department of Physics, Nabajyoti College, Barpeta, Assam

Abstract. A theoretical analysis of unsteady free convective flow is presented
when a viscous, incompressible and electrically conducting fluid fows through
a porous medium occupying a semi-infinite region of the space bounded by an
infinite vertical porous plate. A magnetic field of uniform strength isapplied
perpendicular to the plate and the fluid is subjected Lo a normal suction
velocity. The free stream velocity of the fluid vibrates about a mean constant
value while the heat fux at at the plate is constant. Analytic expr
the velocity of the fluid are given. The effects of porous medium,
parameter and Grashof number upon the velocity field are also shown in a
graphic representation.

Keywords, Free convective MHD fow, porous medium.

1991 Mathematics subject classification: 76 W,

1. Introduction

Many researchers have worked on fluctuating flows of viscous incompressible
fluids past an infinite plate. Stuart [1], Suryaprakash Rao [2,3], Reddy [4],
Messilia [5], Siddappa and Chetty (6], Prakash and Rajvanshi (7] are some
of them. Lighthill [8] initiated the work on fluctuating flows. He studied an
important class of two dimensional time dependent flow problews dealing
with the response of the boundary layer to unsteady Huctuations abont o
mean value.

Flows through porons medium are very much prevalent in nature and
therefore, the study of Bows through porous media has become of principal
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Abstract. A th Lanalysis of by free ive flow i8 | il
when a viscous, i bl lectricall ducting fluid flows through
a parous medinm oceupying a semi-infinite region of the space bounded by an
nfinite vertical porous plate. A magnetic field of uniform scrength inapplied
perpendicular to the plate and the fluid is subjected to a normal suction
velocity. The free stream velocity of the fuid vibrates about a mean constant.
value while the heat Aux at at the plate s constant. Analytic expressions for
the velncity of the fuid are given. The effects of porous medium, ma it
parameter and Geashof number upon the velocity feld are also shosn in a
graphic representation.

Keywords. Free convertive MHD flow, porows medivm.
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1. Introduction

Many researchers have worked on fluctuating Hows of viscous incompressible
fluids past an infinite plate. Stuart [1], Suryaprakash Rao (2,3], Reddy [4),
Messilie [3], Siddappa and Chetty [6], Prakash and Rajvanshi [7] are some
of thew. Lighthill [8] initiated the work on fluciuating flows. He studied an
important class of two dimensional time depesdent flow problems dealing
with the resp of the b lary layer to ady fine ions about &
mean vale, .

Flows through porous medium are very much prevalent in nature and
therefore, the study of flows through porous media has become of principal

- ~m

Bull. Cal. Math, Soc., 93, (3) 213-228 (2001)

THREE DIMENSIONAL FLUCTUATING FREE
CONVECTIVE FLOW AND HEAT TRANSFER
THROUGH A POROUS MEDIUM BOUNDED BY
AN INFINITE VERTICAL POROUS PLATE

U.N. DASY, AL AZIZ? AND M. RAHMAN?
(Recerved § August 2000}

Abstract, The free convective flow and heat transtor through h porous medium bounded by an infinite

vertical porous plate are gated when o dal

suction velocity distribution fluctuating with
time is applied, Duc to this transverse velogity the flow of fluid is three dimensional. A series expansion method
is used to get the solution of the governing equations and the expressions for velocity and temperature fields
are obtained, The skin friction and the rate of heat transfer at the surfaze, are discussed in details

Introduction. The flow through a porous medi under the of temperature
differences, is one of the most iderable and ary subject, t it finds great
applications in geothermy, geophysics and technology (Yamamoto and Iwamura 1976), {Cheng
1978).

Studies associated with flows through o porous medium have been based on the Darey's
empirical equation :

¢=-‘°°+")vp (1)

where ¢’ is mean filter velocity, p is the viscosity of the fluid and Vp is the pressure gradient.
Later Muskat (1937) has shown that the constant in equation (1) nust depend on the
permeability of the porous medium and showed that

K
§ = =V
7=V 2

where K’ is the permeability of the porous medium. But this law fails to explain the
phenomenon occuring in highly porous medium. Taking into account the effects of the viscous

stress Brin (1917) g lized the Darcy's law to study the flow through highly porous
media : "
0=~(Vp) - 1d + 1V @)

Following the method of local averages given by Eringen and Suhubi (1964), s general
equation of motion has been derived analytically by Ahmadi and Manvi (1971) for the flow of a
viscous fluid through rigid porous medium and applied the results obtained to some basic flow
problems. These equations were later used by Gulab Ram and Mishra (1977) to study the MHD

213
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THREE DIMENSIONAL FLUCTUATING FREE
CONVECTIVE FLOW AND HEAT TRANSFER
THROUGH A POROUS MEDIUM BOUNDED BY
AN INFINITE VERTICAL POROUS PLATE
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(Received § August 2000)

Ahstract, The free capvective fow and heal (ranster through & purous medium balmded by an infinite
vertical porous plate ave when & innsaidal suction velocity distri i with
sime is applied. Due to this transverse velocity the flow of Iiid is thices dimensional. A sories expansion method
is used to get the solution of the governing equations and the expressions for velocity and tempersture flelds
are chtnined. The skin friction and the rate of Leat transter ot tho surface, ave discnssed in details.

Tntroduction. The fow through a porous medium, under the influence of temperature
defcrmecs. is one of the most conmdernble nud contemporary subject, because it finds great
in ' iy and (Y and I 1976}, {Cheng

1978).
Studies associzred with flows through a porous medium have been based on the Durcy’s
empirical equation :
7--g, ®

where §° is mean filter velocity, i is the viscesity of the fiuld and Vp is the pressure gradient,
Later Mushat (1937) has shown that the constant in equation (1) must depend on the
permeability of the porous medium and showed that

7= o)

where K is the permeability of the porous medium. But this law fails to explain the
phenomenon ceeuring in highly porous medivm, Taking into account the effects of the viscous
stress Brinkman {1917) generalized the Darcy's law to study the flow through highly porous
media

0= —(Vp) ~ 47"+ n¥’g 3)

Fellowing the methed of local averages given by Eringen and Sububi (1964}, a general
equation of motion has bean derived analytically by Ahmadi and Manvi (1971) for the flow of &
viscous fiuid through rigid porous medium and applied the results obtained to some basic flow
problems. These equations were later used by Gulab Ram and Mishra (1977) to study the MHD
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The Fractional Calculus, Fractional Differential Equations,
and Laplace Transform
IMRAN HOQUE', DR. MAZIBAR RAHMAN?

SHRI JAGDISH PRASAD JHABARMAL TIBREWALA UNIVERSITY, VIDYANAGARI, JHUNJHUNU,
RAJASTHAN

Abstraet - This reseprch review study paper explores the
posability ol appiving the Lapluce transform for solving
Jinear fractions! Jifferential equations from several sources,
academic ardeles and jourmals. The Laplae trasfonn ik a
very poseerfil component in cagineering. science, and apphed
mathemalies. i pemnts to sanstorm the fractional differential
cquaton mto the algebnic cqumion, so #s 0 solve the
algebrdic equalions o obain the usknowu value ay ity
funetion. oad that funher can be processed by applyimg the
Tnverse Laplace Transfomny

The subject applications of fiactionod calculus, witich mesns,
caloulus of integrals as well us denvatives of some nrbitrary
real and cantplex order, have posessed seemingly high
n.[uuuml i Ui pamt 30 yeans, mmﬂ:ulv because of their

bl in diverse fields of
eogmeenng and seience. Certgin arcas of centemparary
fractiomal model applications involve Fluid Flow, Dynomical
Processey, Dilfusive Trunspan close 1o Dnl\lmn, Solute
Trapspors in Similar w0 Porvus Suueiwres, Elestromagnetic
Theory. Viscoelastie Materinl Theaey, Eathquake Dynomics,
Dynamical Control Theory Systems, Dioscience, Signol and
Optical  Processmg,  Geology, Economics,  Astrophysics,
Clwmacal Phywics, Statistics, Probability und so on,

I INTRODUCTION
Even though imcyonal derivanives carry o Iug\hy ‘histery
nwthennes, ther muktiple

fractional order differcatial equations proved to be the mast
vital wol medel seversl othes physical plenosmena. Fusther the
fractionu) derivisive review and applicaiions in sutistical and
continoum were prodused, while the anatyfical results on the
aniquencss and subsistence of relevant Factional differentinl
solutions 10 the cquations were investigated by several authors
(Grigorenke & Grigorenko, 2003). Many fractional
diffeventiol methody were used 1o obve equations, along with
fractionn] diffcrentind and partinl equations, fractional integral
and differentinl equations, moreover, the dynamic systems
invalving fractionn] derivatives, like Adomian's metbod of

ition. Varistion method of iferation; Hemotopy
mothad of perturbation: Homatopy method of analysis; and
eensin spectral methods {Maomani & Neor, 2006).

. DIFFERENTIAL EQUATIONS

1 the branch of fractionn! culculos, mathemuticn) unalysis
finds several ways 1o define the powers of real or comples
numbess of D — the differentiution operator.

D r{x)=4d7dx [(x), ond of e imegrstion operstar J ()
symbal, 2014).

11(x)=J0x, fis)ds, und

Calculus development of such equations s genesalized as
elassical one.

The powers term indiemes linear operutor itczative application
of n funcion, in different analogy called functional

Suctional denvatives are respomsible of |hcv non psage
(Padlubny. 19993 Anothes prablem s that the frsctional
derivaiyes do not cursy elear geometsical imempretition due tw
e nonlecal clisrctensics (Padinbay, 2002), But. the physics
umd mathamatics bave proved its necd. cspocially due to its
wienisepimary  application  that  con be  canveniently
formtied by using froctional derivatives. To give im example,
the eanhauake, nondinear oscillanor sin be assessed only with
fractional desivatives {He, 1998), Again, it bas been used the
waflic wodel of Mud-dysamics using fuctional detivatives
((Hz, 19%%)  This has completely climinated die -.dnmg:
urose ol of various wsungiions made s far in
teaffic Now ci Based on 5

ition aci like 3 vasiable,
e 3= f 'J () -/ 1/ (r“
To give dns
p-DI2
Acting as the square oot of & function analogue for the
differentistion operator, winch develops the ckements in the
similar space, 1l means, @ cenzin linear operator expression
applied nwice for any different function and thet produces the
similor effect lilke differentintion. Otherwise, the D - lmear
funcrianal and be specified for each @ = the renl-number in a
way, when o octs like @ value 7 €2 of the inegers tha
coincides normal n-fold D differentiation when n >0, and
Whe <0, the —r th power of L The baie motivation for

data availuble, the equations of fractional parsial differcntial
Jor the porows media secpage flow ure 3lo suggested, snd the

di these types  of differentiation D operator is
because of the operstor power ses | D' |a @ R} which &
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