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Abstract—This paper focuses on unsteady, two-dimensional
Jaminar ,boundary layer flow of a viscous incompressible
electrically conducting and heat absorbing fluid along a
semi-infinite vertical permeable moving plate in the
presence of Diffusion-thermo and radiation absorption
effects .The plate is assumed to move with a constant
velocity in fluid flow direction. A uniform transverse
magnetic acts perpendicular to the porous surface, the
dimensionless equations are solved analytically using
perturbation technique. The effects of the various fluid flow
parameters on velocity, temperature and concentration
fields within the boundary layer have been analysed with
the help of graphs. The local skin-friction coefficient and
the rates of heat and mass transfer coefficients are also
derived and discussed through tables.

Keywords— Chemical reaction, Diffusion-thermo effect,
Heat absorption, MHD, Radiation absor ption.

l. INTRODUCTION
The range of free convective flows that occur itur@and
in engineering practice is very large and has been
extensively considered by many researchers [1\&jen
heat and mass transfer occur simultaneously betwteen
fluxes, the driving potentials are of more intricatature.
An energy flux can be generated not only by tentpeea
gradients but by composition gradients. The endhgy
caused by a called Dufour or Diffusion-thermo effec
Generally the thermal diffusion and the diffusigdghermo
effects are of smaller- order magnitude than theces
prescribed by Fourier’s laws and are often negtetteheat
and mass transfer processes. However, there agptéxts.
The thermal- diffusion effect, for instance, haemetilized
for isotope separation and in mixture between gasts
very light molecular weight (Hydrogen-Helium) and o
medium molecular weight (Nitrogen- air) the diffoist

thermo effect was found to be of a magnitude siheth it
cannot be neglected.

Postelnicu [10] studied simultaneously heat and smas
transfer by natural convection from a vertical @lat
embedded in electrically conducting fluid saturapesous
medium, using Darcy- Boussinesg model includingeSor
and Dufour effects. Chamka [13] studied the corivect
heat and mass transfer past a semi-infinite vértica
permeable moving plate. Dulal pal[8] studied the IMH
convective heat and mass transfer in a boundaer Islyp
flow past a vertical permeable plate with therneaiation
and chemical reaction.

The interaction of buoyancy with thermal radiatioas in
increased greatly during the last decade due to its
importance in many practical applications. The rthedr
radiation effect is important under many isotherraatd
non-isothermal situations. If the entire systenolming the
polymer extrusion process is placed in a thermally
controlled environment, then thermal radiation dodble
important. The knowledge of radiation heat trangfiethe
system can perhaps, lead to a desired product seitight
characteristics.

The uses of magnetic field to control the flow ameht
transfer processes in fluids near different typek o
boundaries are now well known. This has led to
considerable interest in the study of boundary rayee
inclusion of ohmic heating effect is extremely imamt.
Hossain [3] examined the effect of ohmic heatingviHD
free convective heat transfer for a Newtonian fluid
Convection in porous media has gained significttetnéon

in recent years because of its importance in eeging
applications such as geothermal systems, solidixmiadat
exchangers, thermal insulations, oil extraction atude of
nuclear waste materials. Convection in porous media
also be applied to underground coal gasificatiamugd
water hydrology, iron blast furnaces, wall cooledatytic
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reactors, cooling of nuclear reactors, solar povedectors,
energy efficient drying processes, cooling of nacieel in
shipping flasks, cooling of electronic equipmentsd a
natural convection in earth’s crust. Reviews of the
applications related to convective flows in porauedia
can be found in Nield and Bejan [4]. The fundamikenta
problem of flow through porous media has been stidi
extensively over the years both theoretically and
experimentally [5, 6].

The combined effects of heat and mass transfer with
chemical reaction are of great importance to erggmv@nd
scientists because of its almost universal occuageim
many branches of science and engineering, and hence
received of considerable amount of attention ien¢gears.
The study of chemical reaction with heat transfieporous
medium has important engineering applications &ugular
reactors, oxidation of solid materials and synthesf
ceramic materials. There are two types of reactiuth as

(i) homogeneous reaction and (ii) heterogeneougicea A
homogeneous reaction occurs uniformly throughowt th
given phase, whereas heterogeneous reaction t&@sip

a restricted region or within the boundary of ag#harhe
effect of a chemical reaction depends on whether th
reaction is heterogeneous. A chemical reactiomis ® be
first-order, if the rate of reaction is directlyomortional to
concentration itself. In many industrial processeslving
flow and mass transfer over a flat surface, suchhas
polymer production and manufacturing of ceramics or
glassware, the diffusing species can be generated o
absorbed due to some kind of chemical reaction with
ambient fluid, which can greatly affect the flowdahence
the properties and quality of the final product.esé
processes take place in numerous industrial apiolita
such as the polymer production and the manufagiuoiin
ceramics or glassware. Thus we are particularlgré@sted

in cases in which diffusion of the species and dham
reactions occur at roughly the same speed in aingl\the
mass transfer phenomenon. Das et al. [7] have estuitlie
effect of homogeneous first-order chemical reactianthe
flow past an impulsively started infinite vertigallate with
uniform heat flux and mass transfer.

The objective of this paper is consider unsteady
simultaneous convective heat and mass transfer dlowg

a vertical permeable plate embedded in a fluidrased
porous medium in the presence of mass blowing ctigy
diffusion-thermo and radiation absorption effectggnetic
field effects and absorption effects. Most of poexd works
assumed that the semi-infinite plate is rest. k& phesent

work, it is assumed that the plate is embeddeduniform
porous medium and moves with a constant velocitthan
flow direction in the presence of a transverse ratgn
field. Muthucumarsamy and Ganesan [11] investijabe
diffusion and first-order chemical reaction on an
impulsively started infinite vertical plate with nable
temperature. Abo-Eldahab and Elgendy [9] presented
radiation effect on convective heat transfer irebattrically
conducting fluid at stretching surface with var@hlscosity
and uniform free stream. Recently Kim [12] discusse
unsteady MHD convective heat transfer past a sefimie
vertical porous moving plate with variable suction.

I. FORMULATION OF THE PROBLEM
We consider unsteady two-dimensional flow of an
incompressible, viscous, electrically conductingl dreat-
absorbing fluid past a semi-infinite vertical peahke plate
embedded in a uniform porous medium which is sulijec
slip boundary condition at the interface of poreonsdium
which is subject to slip boundary at the interfaé@orous
and fluid layers. A uniform transverse magnetiddfief
strengthB, is applied in the presence of radiation and
concentration buoyancy effects in the directioryBhxis.
The transversely applied magnetic field and magneti
Reynolds number are assumed to be very small so tha
induced magnetic field and Hall Effect are negligidt is
assumed that there is no applied voltage whichigapghe
absence of electric field. Since the motion is two
dimensional and the length of the plate is largeugh so
all the physical variables are independent’ofThe wall is
maintained at constant  temperaturel,, and
concentratiorC,,, higher than the ambient temperatiize
and concentratiafy,, respectively. Also, it is assumed that
there exists a homogeneous first-order chemicattioza
with rate constant R between the diffusing speaiss the
fluid. It is assumed that the porous medium is hgem@ous
and present everywhere in local thermodynamic
equilibrium. Rest of properties of the fluid ande thorous
medium are assumed to be constant. In the above
assumptions the governing equations as follows:
Continuity Equation:

av*

5 =0 (1)
Momentum Equation:

ow | w0 10p O*u’ _ 0BG . -

at* +v ay* - p ox* Uay*Z p u + gﬁT(T Toc) +
9B(C—C) —Zu’ (2)

Energy Equation:
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O o 9T _ 2T _ &

at* ay* =a 6y*2 pCp (T Too) + (C Coo) +

Dm Kr 9%C

Pt (3)
Mass Diffusion Equation'

ac . 0C

ﬁ‘i‘l? 6_}/*=D67_K1(C Coc) (4)

Wherex* andy™* are the dimensional distances along to
the plate.w” andv* are the components of dimensional
velocities alongc* andy™ directions. g is the gravitational
accelerationT* is the dimensional temperature of the fluid
near the plat&,, is the stream dimensional temperature,
is the dimensional concentratiod, is is the stream
dimensional concentratiof; andg. are the thermal and
concentration expansion coefficients, respectivyglyis the
pressureG, is the specific heat of constant pressieis
the magnetic field coefficient, is viscosity of the fluidg;,
is the radiative heat fluy is the density, K is the thermal
conductivity,s is the density magnetic permeability of the

fluid, v =% is the kinematic viscosity, D is the molecular

diffusivity, Q, is the dimensional heat absorption
coefficient,Q; is the coefficient of proportionality of the
absorption of the radiation and R is the chemiealktion.
The fourth and fifth terms of RHS of the momentum B)
denote the thermal and concentration buoyancy tsffec
respectively. The second and third term on the RHEq.
(3) denote the inclusion of the effect of thermadliation
and heat absorption effects, respectively.

w=u,, T=T,+eT,—T)e"t,C=C,+eC, -

Ce™t at y* =0 (5)
' =U;=Uy(1+ee™"),T>T,,
C—>C,as y—-wo (6)

WhereU,, C,, and T,, are the wall dimensional velocity,
concentration and temperature, respectiviélyC,., and T,
are the free stream dimensional velocity, concéntraand
temperature, respectivély and n*are constants.

Itis clear from Eq.(1) that the suction vetgait the plate
surface is a function of time only. Assuming thidakes the
following exponential form:

v* = =V, (1 + ede™t) 7)(

Whered is a real positive constartandeA are small less
than unity, and/, is a scale of suction velocity which has
non-zero positive constant. Outside the boundargr|eEq.
(2) gives

ldp® dU; o

+—BZU; —U*
pdx Tdtr p ° +K*

fo+fo—

(8)
Introducing the non-dimensional guantities
* 'n Vzt*
u=—,v= o n— JU,==, =2,
Ugy 0 v
_ T-Ty _ C—Cy U, = _up
Tyw=T Cw—Co’ V2 ! Uo
GT' - _ Pgv(Tw—Tx)Br G ng(CW—C@)Bc,
UpVd UoV@
B ve
M:_O'VZO, Pr——p: @_ Q()Vz,
2% K a’ PCpV5
_ Qv (Cw=Cx) — Kv
Q, = VE(Tw—Ts) Sc=; p V= v’
_DmKT (Cw_coo) — VOZK*
Du= CsK (Tw-Tyo)' = v2 ©

In the view of the above non-dimensional variabliéms
basic field of Eqgs. (2)-(4) can be expressed in-non

dimensional form as
ou s 0w dU,  0%u
E— (1+£Ae )W=W+a—r]2+GrT9+
.C+ w— U
Gr,C + N(U ) 10
a6 a6 1 9%6
r(+eaer) Z =228 40,0 - 00 + 2 (S
(11)
o _ ney € _ 1 0°C
o (1+ €de )an = ooz yC (12)

Where,N = (M +%)

The corresponding boundary conditions (5) andr(6) i
dimensionless form are

u=Uy, 0 =1+ ee™, C=1 4+ ee™ atn =0 (13)
U Uy,=(1+¢ce™),0->0,C->0as n- o

(14)
. METHOD OF SOLUTION
u=fo(m) +ee™f1(n) + 0(e?) (15)
0=go(n) + ge™ g, (n) + 0(£?) (16)
C = ho(n) + ge™hy () + 0(¢?) 17)

Substituting (15)-(17) into Egs.(10)-(12) and einmthe
harmonic and non-harmonic terms, and neglecting the
higher ordei0(£2), and simplifying to get the following
pairs of equations fo, go ho andf; g;, hy.
Nfy =—N — Grpgy — Gr:hg
(18)
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fi +fi—-(N+n)fy = =N +n) — Afy — Grrg, — Grzhy

(19)
go + Prge — Prdg, = —PrQ,hy — Duhy

(20)
g1 + Prg, — Pr (@ + n)g, = —PrQ.h, — Duh; — PrAg,

(21)
hg + Schy — Scyhy = 0 (22)
hi + Sch; — Sc(y + n)h; = —ASchy (23)

Where the prime denotes ordinary differentiatiomhwiespect

to y. The corresponding boundary conditions are

fo= Up, f1=0, go=1,9,=1,hy =1,

hy =1 atn=20 (24)

fo=1, fi=1,g,-0,9,-20hy—>0,h >0 asn - .
(25)

Without going into the details, the solutions o6Eq
(18)-(23) with the help of boundary conditions (24hd
(25),we get

fo =1+ Bye ™" — Age™™2M — A e~ P10 (26)

fl =1 + Bse_m3n + A4€_m5" - Aloe_mzn - Ble_Pln -

Bze—msﬂ — B3e_m477 (27)
9o = (1 - Al)e_mzn + Ale_Pﬂl’
(28)
g1 = Age ™ + Ace P + Aje ™2 + Age T
(29)
ho: e~P1n
(30)
= (1= Ag)e™™1 4 Age~hm
(31)
u(y,t) = (1 + Bye ™ ™" — Aze ™Y — A,e Pl +
ge™ (14 Bge ™3 4 Ao ™ — A, e"™M2 — Bl Pl —
Bye™™s — B,e~™MaM)
(32)

0(y,t) = (1 —Ae ™21 + Aje 1 + ge™ (Age™™s" +
Age P + A,e™™2 4 AgeT™Mal)
(33)
C(y,t) = e P 4+ ge™((1 — Ag)e ™" + Ace™F17)
(34)
The Skin-friction coefficient, the Nusselt numberdathe
Sherwood number are important physical parameters f
this type of boundary layer flow which are definadd
determined as follows:

Co = W™ _(6u)
™ pueve an

atn=0

Cfx = _B4m6 + A3m2 + A2P1 + £€nt(—Bsm3 - A4m6 +
A10m2 + Blpl + Bzms +

Bsmy )
(35)
557).., N
_ at n=0 u _ (99
Nuy = x (Tw—Tx) = X/Rex - (a")atn=0
N
ux/Rex = (—my(1 — Ay) — A1Py) + ee™(—msA,
— PiAg — myA; — mydg)
(36)
(5r)
M) gt p= ac
= Sh
Sh. = x— ratn=0 _ Shy, — _ (_)
* (CW - oo) /Rex 677 at n=0
= =P, + ge™(—my(1 - As) — AsPy)
(37)

WhereRe,;% is the local Reynolds number.

V. GRAPHS

Fig.1 Effects of Sc on Concentration profiles with
y=05A4=05¢=02,n=01t=1
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1.4

y=0.00

'y=0.50

n n
Fig.2 Effects of y on Concentration profiles with Fig.4 Effects of Sc on temperature profiles with
y=05A4=05¢=02n=01t=1 e=02,n=01,0=1Pr=0.7,A=0.5Gr; =4,

Gre=2t=1,Q0,=2Du=2y=05

n n
Fig.3 Effects of @ on temperature profiles with Fig.5 Effects of Q, on temperature profiles with
Sc=0.60,Pr=0.7,y=05A4=05,=02,n=0.1 Sc=0.60,=02n=010=1Pr=0.7A4=0.5,
,t=1,Grp =4,Gr; = 2,0, = 2,Du = 0.5 Gry =4,Gr =2,t =1,Du=0.5,y =05
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---------- Du=2.0[]

e

5 6

Fig.6 Effects of Du on temperature profiles with
Sc=0.60,6=02,n=01,0=1Pr=0.7,A4A=0.5,Grp
=4,Grc=2,t=1,0, =2,y =05

o 0.8F

Gt Ty

0 ) ) ) ) TR
0 1 2 3 4 5 6

Fig.7 Effects of y on temperature profiles with
Sc=0.60,6=02,n=0.1,0=03Pr=07A4=
0.5,Gry = 4,6Gr. =2,t =1,0, =2,D =05

0.4 I I I I

Fig.8 Effects of Gr on velocity profileswith

Sc=10.60,6=02,n=0.1,0=1Up=05Pr=
0.7,A=05,6Gr. =2,t=1,Q, =2,y =05,Du =

0.5M=2,K=05

0.4 I I I I
0

Fig.9 Effects of Gr, on velocity profiles with

Sc=10.60,6=02,n=0.1,0=1Up=05Pr=
0.7,A=05,Gry =2,t =1,Q, = 2,y = 0.5,Du =

0.5M=2,K=05
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04 ‘ ‘ ‘ ‘ ‘ 04 ‘ ‘ ‘ ‘ ‘
0 1 2 4 5 6 0 1 2 4 5 6
n n
Fig.10 Effects of @ on velocity profiles with Fig.12 Effects of Q, on velocity profiles with
Sc=10.60,6=02,n=0.1,Up=05Pr=07A= Sc=10.60,6=02,n=0.1,0=1Up=05Pr=
0.5,Grp = 2,Gr, =2,t =1,Q, =2,y = 0.5,Du = 0.7,A=05,6rp =2,6r, =2,t=1,Du=05M =
05M=2,K=05 2,K=05
2
M=1
< M=2 ]
---------- M=3
m——— M=4
0.4 L L L L L
0 1 2 3 4 5 6 0.4 . ) . . .
n 0 1 2 4 5 6

Fig.11 Effects of M on velacity profiles with
e=02,n=01,0=1Up=05Pr=07A4=
0.5,Grr =2,Gr, =2,t=1,Q, =2,Du=0.5K = 0.5

Fig.13 Effects of K on velocity profiles with
Sc=0.60,6=02,n=01,0=1Up=05Pr=
0.7,A=0.5,6ry = 2,6r =2,t=1,Q, = 2,Du =
05M =2
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1.8

Pr=0.71
Pr=1.00

0.4 1 1 1 I 1

Fig.14 Effects of Pr on velocity profiles with
Sc=0.60,6=02,n=01,0=1Up=05A4=
0.5 Grr =2,Gre =2,t=1,Q, =2,Du=05M=
2,K =05

0.4 I I I I I
0

Fig.15 Effects of Du on velocity profiles with
Sc=10.60,6=02,n=0.1,0=1Up=05Pr=
0.7,A=05,6ry =2,Gr =2,t =10, =2,M =2,K =
0.5

V. RESULTS AND DISCUSSION

Numerical evaluation of the analytical résukeported
in the previous section was performed and a reptaee
set of results is reported graphically figs. 1-15 These
results are obtained to illustrate the influence tbé
Diffusion thermo parameterDu) the chemical reaction
parametery the absorption radiation paramet@y, the
Schmidt numbeiSc the heat source coefficiest , the
magnetic field parameter M and porous permeability
parameter ®; on the velocity, temperature and the
concentration profiles, while the values of the gbsl

parameters are fixed at real constants, A =05,0.2 , the
frequency of oscillations n = 0.1, Prandtl numBer= 0.7
andt=1.0.

Fig.1 shows that species concentration ilpsoffor
different values of Schmidt number Sc. It is cldzat the
concentration boundary layer thickness decreasts 94,
concentration decreases exponentially and attaneg f
stream condition for large values of Sc.

Fig.2 illustrate the concentration profilies different
values of chemical reactiop. From this figure, it is
observed that the concentration with increasingesbfy.

The temperature profiles for different veduof heat
absorption parameter are depicted in fig.3. Itasaed that
the temperature decreases significantly with theeeasing
values of @, because when heat is absorbed, the buoyancy
force decreases the temperature profiles.

Fig.4 represents the decreases in temperatofiles
when the Schmidt number Sc is increases. Also vgerob
that for low values of Sc (0.16) the temperatureeis/ high
comparing with higher values Sc (2.0).

It is seen from fig.5 that an increasing tagliation
parameter), causes to increase the fluid temperature, and
hence the maximum peak value is attained at the thea
porous plate.

Fig.6 has been plotted to depict the temperapuoéiles
againsty for different values ofDu and hence the thermal
buoyancy layer thickness can be increases With It is
clear that the temperature increases with incrgagaues
of Du.

From fig.7, it is appear that the temperatprefiles
decreases asincreases. The effect of chemical reaction
parameter is to increase the thermal boundary .layer

Velocity distribution for various valugs+ and solutal
buoyancy force parametér, are plotted in fig.8 and fig.9.
As seen from this figures that the maximum peakieas
observed in the absence of buoyancy force, thiduis to
fact that buoyancy force enhances fluid velocityd an
increase the buoyancy layer thickness with increagbe
values ofGr; andGry.

Fig.10 represents the decrease in fluid vejositen the
heat absorption paramefgiis increased, it is clear that the
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hydromagnetic boundary layer decreases as the heat
absorption effect increase also observed thateratisence
of heat absorption the velocity attains maximumkpesdue.

The effect of magnetic field paramedon velocity is
shown in fig.11. This figure shows that the velgcit
decreases with increasing values Mfand hence the
velocity decreases considerably for large largaesbfM.

Fig.12 displays the velocity profiles foffdrent values
of radiation parameta?,. From this figure it is obvious that
the velocity increases & increases and the velocity starts
from minimum value of zero at the surface and iases till
attain the peak value.

The influence of the permeability parametéron
velocity is shown in fig.13, as seen from this figuhat
maximum peak value attains f& = 0.4 and minimum
peak value is observed f&r= 0.1, also it is clear that the
velocity increases significantly with the increagiralues of
K.

Fig.14 illustrates the velocity profiles fearious values
of prandtl numbePr. From this figure it is obvious that the
velocity decreases for different fluids and hereedffect is
significant for large values of prandtl numbér =
7.0 (water).

Fig.15 illustrates the effect of Dufour onloaty, from
this figure it is clear the velocity reachés maximum
peak value at near the boundary surface and ihesathe
free stream condition far away from the plate, alsserved
that on introducing the Dufour number the veloc#ggches
maximum value

Nu
0 G “/Re, St/ Re,
0 | 4.2544 1.1895 -1.1864
1 | 3.6593 -0.2485 1.1864
2 | 3.4599 -0.8891 | -1.1864
3 | 3.3429 -1.3408 | -1.1864

Nu Sh
i & */Re, */Re,
0 |31712 -0.2485 | -1.1864
1 | 3.6593 -0.2485 | -1.1864
2 | 4.1474 -0.2485 | -1.1864
3 | 4.6355 -0.2485 | -1.1864
4 |5.1236 -0.2485 | -1.1864

Table:1 :Numerical values of Solutal Grashof nuntber

Nu, Sh,
on C, /Rex’ /Rex for the reference values
Grp =2,t=1,5c= 06,0, =2,y = 0.5 Du = 0.5.

Table:2 : Numerical values @fonCy,, Nu"/Re ,Sh"/Re
X X

for the reference values of

Gre =1,Grp; =2,t=1,5¢=06,Q0, =2,y =05Du=

0.5

Sc G | Mg Shy e,

016 | 4.0959| 0.2773 | -0.4731
0.60 | 3.6593| -0.2485 | -1.1864
1.0 3.5107| -0.3329 | -1.7648
2.0 3.3573| -0.1633 | -3.1473

Table:3 : Numerical values ofc on

Crx: Nt/ Re, Shi Re, for the reference values of

Gre =1,Grp =2,t=1,Q;, = 2,y = 0.5,Du = 0.5.

The effects of Solutal Grashof numbl@r.  the heat
absorption coefficientp and the Schmidt numbg&t on the
skin-friction coefficienC;, Nusselt number and Sherwood
number respectively are presented in tablesl-3mRids
tables it is seen that the effect(f.is to increase the skin-
friction coefficient;, but the effects of@ andSc are to
decrease the skin-friction coefficient where aseffect of
Gr¢ is observed on nusselt number and Sherwood number
(see table-1). Also no effect of@ is seen on Sherwood
number (see Table-2). The effectgpndSc is to decrease
the nusselt number as seen from tables-2 and Bdk¥dittis
found from table-3 that Sherwood number decreastds w
increase in Schmidt numbge

CONCLUSIONS
In this paper we have studied the Diffusion-theramad
radiation absorption effects on an unsteady MHDe fre
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convective heat and mass transfer flow past a ggimite B, = (Up —1+4,+ Ag),
moving plate. From the present investigation tHefang
conclusions can be drawn.

1. There is a considerable effect of heat absarptio
parameter) on the velocity.

Bs=—-(1+A;—Ay— By —B; —B3)

2. It is found that on introducing the generativeemical REFERENCES
reaction species concentration and
Temperatures are decreases significantly. [1] Y. Jaluria, "Natural Convection Heat and Mass
3. The fluid temperature can be reduced increased t transfer, Pregmon Press, UK, 1980.
Dufour numbep. [2] P.S. Gupta and A.S. Gupta, “Heat and mass tranafer
4. The effect ofc on Sherwood number is very significant. a stretching sheet with suction or blowing”, the
Canadian journal of Chemical Engineering, vol.55,
APPENDIX pp.744-746, 1977.
[3] M. A. Hossain, “Viscous and Joule heating effeats o
e e MHD free convection flow with variable plate
N = (M +%) , Py = wa temperature”, Int. J. Heat Mass Transfer, 35, 3485,
_ Pr+y/Pri+appr _ 1+,/1+4(N+n) 1992.
my = 2 M3 = 2 [4] D .Nield, A. Bejan “Convection in porous media”,
Newyork, Springer, 1999.
_Sc+/Sc2+aSc(y+n) Pr+,/Pr2+4Pr (p+n) [5] P.Cheng, “Heat transfer in geothermal system”, Adv
Ma= 2 ' Ms = 2 Feat Transfer 1978,14:1-105.
[6] N. Rudraiah, “Flow through and past porous media”,
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