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Transient MHD Mixed Double Diffusive Convection Along a Vertical
Plate Embedded in a Non-Darcy Porous Medium with Suction or Injection
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Abstract: Problem statement: Transient non-Darcy mixed double convection froreemi-infinite,
isothermal vertical plate embedded in a homogengmusus medium, in the presence of surface
suction or injection had been numerically invedgga Approach: Forchheimer extension was
considered in the flow equations. Appropriate tfarmations were employed to transform the derived
partial differential equations governing the prablander consideration on the assumption of a small
magnetic Reynolds number into a system of non timedinary differential equations, which were
integrated by the fourth-order Runge-Kutta metH®ebults: Numerical results illustrating the effects
of all involved parameters on the transient velgdémperature and concentration profiles, thelloca
Nussle, the local Sherwood numbers and the local fktion coefficient, were presented and
discussed. The results were compared with thosevkrfoom literature.Conclusion: Velocity and
temperature increase due to the increasing of #ranpeters involved in the problem, while the
increasing in the solutal dispersion parameteresesas the mass transfer coefficint.

Key words: Uniform magnetic, reynolds number, appropriate gfarmations, runge-kutta method,
isothermal vertical, porous medium, transient-darcy flow

INTRODUCTION convection in porous media have been based on Barcy
law which is applicable for slow flows and does not
Convection heat transfer and flow through porousaccount for non-Darcian inertial effects. Nield and
medium is phenomenon of great interest from bottBejan (2006) have made a comprehensive revieweof th
theoretical and practical point of view. This ischese  growing volume of study devoted to heat transfet an
of its important applications in several geophysica flow through porous medium. Although, there isl sdil
environmental and engineering fields. Thesegreat deal of theoretical as well as practicalréstin this
applications include geothermal and petroleumarea of research.
resources, in-site combustion of oil shale, boiling  Most of the existing works on mixed convection
enhancement using porous coatings, compact he#pw over heated bodies embedded in fluid-saturated
exchangers, packed bed reactors or absorbent, higlprous medium are concerned with steady state
performance of building insulation and others. Free conditions (Merkin, 1980; Hsiekt al., 1993; Takhar
convection flows past a semi-infinite vertical plétave and Beg, 1996). On the other hand, transient cdinrec
been studied under different physical conditions byflow problems have not received as much attention.
Irwan et al. (2010). Free-convection flow with mass This is because that the transient heat transigstally
transfer along a vertical plate in the presence oflifficult to solve either analytically or numeritgl In
magnetic field has been investigated by Elbashbashiact there is no actual flow situation, which doest
(1998). However, Aboeldabab and Elbarbary (2001)nvolve unsteadiness and examples of transient
studied the Hall current effects on MHD free-coriiec ~ convective flows are numerous, for example, cootihg
flow past a semi-infinite vertical plate with massnsfer.  electronic devices in which the heat generationds
Very recently, many investigations studying conserju constant but time varying. Perhaps, the first stody
flow and heat transfer characteristics that areugind  transient boundary layer on flat plate was made by
about by the movement of a stretched permeable antbhnson and Ping (1978). Raptis (1983) studied the
impermeable. Isothermal and non isothermal surfacease if two-dimensional free convection over aivalt
with power law variation have been reported (see foplate embedded in a porous medium using the
instance, Abo-Eldahab and Gendy (2000) and Aboperturbation method. Al-Nimr and Masoud (1998)
Eldahab et al. (2007). Most studies of natural analyzed the problem of transient free convectlow f
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over an impermeable vertical flat plate embedded in MATERIALSAND METHODS

porous medium using Laplace transformation method.

Extended Al-Nimr and Masoud (1998) study by Mathematical formulation: Consider the unsteady,
considering the effect of variable suction on tians tow-dimensional, non-Darcy MHD mixed convection
free convection. It is worth mentioning that alltbése  flow heat and mass transfer of laminar, incomphessi
works the Ergun inertial effect was neglected. Alsoand electrically conducting fluid over a semi-irifén
these studies were based on the assumption that tMertical plate embedded in a porous medium with
flow quantities are independent on the longitudinaiSurface suction. A uniform magnetic field is apglie
direction (x-direction). This assumption leads to anormal to the plate. The schematic diagram of the
constant free boundary layers thickness (momentsim &2nysical problem is shown in Fig. 1. Initially theall

well as thermal). Actually, it is impossible foreth and the surrounding porous medium are at uniforch an

transient flow to be x-independent. Shigeo (1989)constant temperature,,Tconstant concentration,@nd

solved the problem of transient forced in Darcywflo constant velocity 4 vertically past the plate inside the

. th d-ord ind finite  diff porous medium. At time t = 0, the vertical plate is
using - the second-order upwind  tinite —di erencesuddenly heated isothermally with imposed suction

_method. Nakayama and _Ebmuma (1990) stud|ed tehich in turn, suddenly raised the temperature and
inertial effects on transient forced convection for.qncentration at the wall tayTand G, respectively and
suddenly heated plate using the Frochheimer-extendepey maintained at these values for t>0. It is sl
Darcy model. Bejan and Nield (1991) obtainedthat the fluid properties are constant except the
analytical solution for the three regimes, nameéhge  influence of density variation with temperature,iovh
initial, transient period and steady heat trans$fee  is considered only in the body force term of the
Darcian-porous medium. Analyzed the problem ofmomentum equation. Both the fluid and solid matrix
transient free convection from suddenly cooledare assumed to be in local thermal equilibrium. éind
vertical in a Darcian-porous medium using asymptoti these  assumptions along  with  Boussinesq
expansion method, while by Cheng and Pop (1983&pproximation, the transient laminar boundary layer
used the integral method to study the same probleniq. 1-4 are given by:

Harris et al. (1996; 1997) and Inghamt al. (1982)

have produced very detailed studies of the prolém gu ov _

transient free convection flow from vertical isotmeal 37+§y - @)
plate immersed in a fluid-saturated Darcian-porous

medium when the temperature of the plate or the hea

flux is suddenly changed. Harr$ al. (1999) studied @+ﬁﬂ:+ KgB; 0T 0 BjKdu  KgB.0C @)

the problem of transient mixed convection flow fromdy v dy ~ v dy pv dy v dy

vertical isothermal plate immersed in a fluid-

saturated Darcian-porous medium. Al-Odat (2004)aT aT+VaT_ s [G aT]

extended Harris problem by considering the effdct 0 — +u—+v—=—| a_,—
variable suction on transient free-convection. Base 9% ~0x 9y 0y\ "oy
on the above brief review, it is obvious that the

transient non-Darcy MHD mixed convection flow ac+uac+vacza(D ac] @)
along a vertl_cal permeable flat pldte embedded iNgt ~ax oy ayl “ay

porous medium has not been investigated vyet.

®3)

Therefore, the aim of the present study is to diap X W
steady state restriction and examine the time g l llT;
evolution of non-Darcy MHD mixed convection flow ) >y
over a vertical isothermal semi-infinite flat plate \T.t

immersed in a porous medium with wall suction or T Ve ] lg
injection, when the plate temperature is suddenly - u T ]

raised from that of the ambient fluid. Appropriate = .,
transformations are employed to transform the phrti v B@:: 3
differential equations, governing non-Darcy flowdan Ly T—n
heat transfer, to a non-similar form. The transfedm T T Tur

equations have been solved numerically using the T 4

shooting technique with the fourth-order Runge-
Kutta method. Fig. 1: Schematic diagram for the problem
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The appropriate boundary conditions relevant to f=1-e70= T-T, _op _ oy
the problem are Eq. 5: slme = T, -T. u_aT/ V= X
V(0,0=-V () T(x 0,0 =T, Cx, 0,) =G Using the above transformation in Eq. 1-4, we find

U(x, o0, t) = Uo T(W, 0,t) = Teo, C(x,0, ) =G> (5)  that Eq. 1 is identically satisfied and Eq. 2-4 are
reduced to Eq. 7-9:
And the initial conditions are Eq. 6:

f "+ 2 f'f" = +\0'- Ha?f "+ANG' (7)
Ux,y, 0) = v(x, y,0) =0,

T(X, Y, 0) = Teo, C(X, y, 0) = Go 6
0oy 0= T G 3. O O s (o) [era-pna-g)

Where: ' - _spdf

x,y) = The dimensional distance along and o+ 28(1-8)inA-2 ) i} ®
normal to the plate 99

(u, v) = The velocity components in x-and y- =28(1-g)1+ '”(1_E)f]a?
direction

T = The temperature

C = The concentration 0"+ 3, (f'o"+"9") +Le[€ +(1-&)In(L-E)]

B = The coefficient of thermal expansion 't +2Lef (1= £)In(1- of 9

% = The effective kinematics viscosity ¢ B (-8)ind-2) ¢ ®)

F = The dimensional inertial coefficient B L)

K = The permeability of the medium =2Lef (1-§ ] I+ In(t-¢ )f](TE

g = The gravitational acceleration

o fiﬂz RS?;SZE;?W where, the prime denotes partial differentiatiorthwi

P : _ y respect ton. The boundary conditions (Abo-Eldahab

O.and b = The effective thermal and solutal 5,4 Gendy, 2000) are reduced to Eq. 10:

diffusivities

Following to Telles and Travisan (1993) the an = O:.f(’E, 0) :_f”' 8, 0) :_1’(‘)(5' 0) :{
expression fo, vand D can be written ase = a + am O eo: (&) = 1,8(8, ) = 0,4(E, 2) =0 (10)
xud and Q@ = D+ qud and wherea and D are the
molecular thermal and solutal diffusivities,
respectively, whereagx ud and¢ ud represent the
effective thermal and soluta | diffusivities due ttee  f(0n) =6(0n) =@0n) =0 (11)
transverse thermal and solutal dispersion, wikeardg
are coefficient of dispersion thermal and solutalWhere:
diffusivities and d is the pore diameter. The @ign is

And the initial conditions (6) are reduced to Edy:

to designate the flow as an aiding flow when the )\_KgB(TW—Tm)_Ra U X
buoyancy force has a component in the directiothef ~ vu pe e'T '
free stream and the minus sign as an opposing flow °
when the buoyancy component is opposite to the free pe= Y=X , ng ,
stream velocity. The subscripts w af®l indicate the a av
conditions at the wall and at the outer edge of the —v, (x) [ x_ r:F\/Kium
boundary layer, respectively. wo T au,’ v

In order to reduce the number of independent o xu_d cud
variables from three to two and to make the Le:B,v, o = G‘” 6t:652T'

governing equations dimensionless, the following

transformation is applied: . .
Are the mixed convection parameter, Peclet

number, Reynolds number, Raleigh number, the
U, Vi % Vag)2 u,t dimensionless wall mass transfer parameter, the
n=y| o= | €72 w=(20u,x)" "¢ fEN)T="= Imensi wall pare :
20x X dimensionless inertial parameter, Lewis number,
17
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buoyancy ratio parameter, thermal dispersion pai&me
and solutal dispersion parameter, respectivelshduld
be noted that. = 0 corresponds to the pure forced
convection regime, while large valuesiotorresponds

affect the temperature so no figure of these vietals
presented herein.

Figure 2 shows the influence of the Hartmann
number on the velocity profiles. We observe that th

to the free convection regime dominate. Also, thefluid velocity decrease owing to the increase of. Ha
normal velocity at the surface must be inverselyThis is because the application of a transversenetig
proportional to the square root of x, in order tak@f,  field to an electrically conducting fluid gives eigo a
independent of x. y _ resistive force which has a tendency to slow dofen t
The physical quantities of fundame_nt_al interest ofotion of the fluid in the boundary layer. Figurasd
heat and mass transfer are the local friction fadt® 4 gpows the effect of the inertial parameter on the
Iocall .heat t_ransfer and the local mass t.ra.nSfefransient velocity profiles within the boundary dayfor
coefficients in terms of the local skin friction aiding and opposing flow, respectively
coefficient, the local Nusselt and Sherwood numbers As shown in Fig. 3 ’vvhen the bu'o ancy is aidin
respectively. The local skin friction coefficienarc be the flow. the axial vgllocity evolves fromynonyzewall 9
expressed as Eq. 12: o . i
P q velocity to uniform free stream for all values whe.
the velocity profiles predicted by the non-Darcydab
differ significantly from those obtained based dm t
Similarly, the Nusselt number can be expressed as
Eg. 13:

o ( Itis clear that (for aiding as well as oppositay),
Darcy model.
Also, the Sherwood number can be written as Eq. 14

tT 2

pu,

a”J - J2PeREE 11 .0 (12)
y=0

ay ),

1120

X

Nu = a—T
(T, - T.)

dy

1osh

} :%Jﬁe{% 0E.0 (13)

— 1.06

1.03

X ocC 1 ¥
Sh=—" | = | ==J2P& 72¢' ¥ ,0 (14)
(cw—cm)(ay]y_o 2
n
RESULTSAND DISCUSSION
The influence of various parameters on theF|g.2: Variation of the transient velocity prefd with

the Hartmann number Ha for NI==1, Le =

transient behavior of the laminar mixed convection
05,&&=A=01=02=0.2,§=0

flow heat and mass transfer along an isothermdicadr
plate embedded in a porous medium is examined and
discussed. During the early stages, heat and mass a
transferred from the surface to the surroundinglflo

a one-dimension conduction process, similar to heat
conduction in a semi-infinite conducting mediumtekf

the passage of this stage, the transient processrias

and remains two-dimensioned until steady state
conditions are reached.

Before solving the system of equations (Nield and
Bejan, 2006; Merkin, 1980; Hsiedt al., 1993) with the
boundary conditions (Takhar and Beg, 1996) andhinit
conditions (Johnson and Ping, 1978) it can be adtic
that the equation (Hsiedt al., 1993) is uncoupled with
any of the momentum or energy equation, alsdrig. 3: Variation of the transient velocity prefd for

1.12

11f
1.08 L,
=106

1.04

Hartmann Ha, inertialand the mixed convectiog
parameters do not affect the concentration andhtbfig
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Fig. 4: Variation of the transient velocity prefil for
opposing flow with the inertial parameterfor
N=Ha=1,Le=0.5§=061=0=0.2,f,=0,A

=-0.02
12 #1.=—05
S~ —h=—02
T
=02

Fig. 5: Variation of the transient velocity pref with
the mixed convection paramefefor N = Ha =
=1, Le=0.5§=01=62=0.2,f,=0

transient
profiles with the Lewis number Le for N = Ha
=F=1f , A=01=06,=02,f,= 0

Fig. 6: Variation of the

The inertia effect tends to decrease the velocity,
since the fluid inertia provides an additional gres
loss in the flow field. Also, the hydrodynamic balamy
layers predicted by the Darcy model are thickentha
those predicted by the non-Darcy model. The
influence of mixed convection parameter on the
transient non-Darcy velocity profiles for aidingdan
opposing flow is shown in Fig. 5.

It is obvious that the velocity increases as tliveeth
convection parameter increase. Figure 6 illustrites
effect of the Lewis number Le on the concentration
profiles. It is obvious that the increase in thewlse
number Le tends to decrease the concentrationlgsofi

The effect of timg, for aiding flow casg= 0.2 on
the velocity, temperature and concentration prefdee
shown in Fig.7-9 it is obvious that the flow velygi
temperature and concentration profiles increasiith w
time progressing. A< - 1(t - «) the fluid velocity,
temperature and concentration distributions apgroac
steady state conditions. The influence of the
dimensionless wall mass transfer parameteorf the
temperature profiles is shown in Fig. 10. It isgubthat
as f, increases the temperature profiles increase. The
value of {, = 0 corresponds to an impermeable surface.
The increase of the buoyancy ratio parameter ise®a
the velocity profiles in the flow boundary layer as
shown in Fig. 11. Figure 12 and 13 present typical
profiles of fluid velocity and temperature for @ifent
values of the thermal dispersion paramelerlt is
observed that the temperature rises more quickip th
the velocity distribution and the thermal boundiyer
becomes thicker as the thermal dispersion thickéha
thermal dispersign increases. Figure 14 and 15
elucidate the influence of the solutal dispersion
parametedson the velocity and concentration profiles.

concentration Fig. 7: Variation of the transient velocity pref with

the time& for N=Ha =l =1, Le = 0.551 =
02=0.2,f,=0
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Fig. 8: Variation of the transient temperaure esf
with the time€¢ for N=Ha=I =1, Le =0.5M
=%=0.2f,=0

=01

Fig. 9: Variation of the transient concentrationfies
with the time& for N = Ha =I' = 1, Le =
0.591=02=0.2,f,=0

Fig.10: Variation of the transient temperature fipgs
with f, forN=Ha=F=18 =A=&=95,0.2,
Le=0.5

20

—N=05
—N=10
—N=135

35

Fig. 11: Variation of the transient velocity prefil with
the buoyancy ratio parameter N for H&d =
1,§=A=01=62=0.2Le=05,§=0

Fig. 12: Variation of the transient velocity prefl
with the dispertion thermal diffusivity
parameted: for N = Ha = =1,§ =x =0,=
0.2,Le=05,§=0

Fig. 13: Variation of the transient temperatureofites

with the dispertion thermal diffusivity
parameted, for N=Ha==1,&=A= 0, =
Le=0.5,§=0
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Table 1: Comparison of the values of & Q) for various values of
A A Harriset al. (1999) Al-Odat (2004) Present study

-1 0.0 0.0001 0.00000

0 1.0 1.0000 1.00000

1 2.0 1.9998 2.00018

2 3.0 2.9992 3.00016
Table 2: Variation 0B (&, 0) ando (&, 0) at the plate surface with Le,

fw d,0 and& for Ha=N =l =1.0 and\ = 0.2

Le fh & & E 8 (G0  9E0
0.0 0.0 0.2 0.2 0.200 0.6368 0.3303
0.1 0.0 0.2 0.2 0.200 0.6369 0.3432
0.5 0.0 0.2 0.2 0.200 0.6371 0.4742
0.9 0.0 0.2 0.2 0.200 0.6377 0.6088
0.5 -1.0 0.2 0.2 0.200 0.6926 0.4707
0.5 0.2 0.2 0.2 0.200 0.6370 0.4742
0.5 0.5 0.2 0.2 0.200 0.6103 0.4767
0.5 0.0 0.5 0.2 0.200 0.5973 0.4742
0.5 0.0 1.0 0.2 0.200 0.5503 0.4742
0.5 0.0 0.2 1.0 0.200 0.6369 0.3954
0.5 0.0 0.2 5.0 0.200 0.6368 0.3311
0.5 0.0 0.2 0.2 0.100 1.1427 0.8186
0.5 0.0 0.2 0.2 0.750 0.3104 0.3150
0.5 0.0 0.2 0.2 0.900 0.4270 0.3672
0.5 0.0 0.2 0.2 0.998 0.7314 0.5400

= 105

Fig. 14: Variation of the transient velocity pilef

with
parameterd, for N = Ha=T

the dispertion

0= 02 Le=05f,=0

solutal

=1,

diffusivity
£ =)A=

Fig. 15: Variation of the transient cocentratioofpies

with

the dispertion

solutal

diffusivity

parameterd, for N = Ha =TI = 1, & =A=

5,=Le=0.5,§=0

21

Table 3: Variation of {€, 0),8 (¢ 0) andg (¢, 0) at the plate surface
with Ha,8 (§, 0) andp forLe =0.5,§=0.0,6=06=§=0.2

Ha r A N f'(, 0) 8 (0 9 D0

0 1.0 0.2 1.0 1.1283 0.6340 0.4742
0.5 1.0 0.2 1.0 1.1188 0.6351 0.4742
1.0 1.0 0.2 1.0 1.0976 0.6370 0.4742
15 1.0 0.2 1.0 1.0751 0.6396 0.4742
1.0 0.7 0.2 1.0 1.1154 0.6355 0.4752
1.0 15 0.2 1.0 1.0782 0.6392 0.4758
1.0 2.0 0.2 1.0 1.0653 0.6406 0.4769
1.0 1.0 -05 1.0 0.7321 0.6765 0.5057
1.0 1.0 -0.2 1.0 0.8974 0.6588 0.4911
1.0 1.0 0.1 1.0 1.0494 0.6423 0.4782
1.0 1.0 0.2 0.5 1.0736 0.6398 0.4762
1.0 1.0 0.2 15 1.1209 0.6344 0.4723

The increase in the values&ftends to increase the
momentum and concentration boundary layers, which i
turn increasing the velocity and concentratiofis Wworth
mentioning that the concentration field is slightly
responsive to the changes in the thermal dispei&jon
also the increase in the solutal dispersion pammet
very slightly reduces the temperature profiles, reo
figure of these variables is presented herein.

Table 1 shows a comparison of the present results
for the skin friction ', 0) with those reported by
Harriset al. (1999) and Al-Odat (2004) fér = Ha = Le
= 0 and various values of the mixed convection
parameter), the results are found to be in good
agreement. Our numerical values for §'Q) 6’ (&, 0)
and@(&, 0) are listed in Table 2 and 3. It is clear that
the skin friction decreases owing to the incredse or
Ha and increases owing to the increase\ afhile it
does not affected by the variation of Le apdThe rate
of heat and mass transfer increasé,akla or f,
increases while they decreaseiag increase. Finally
the increase of Le increases the rate of massférans

CONCLUSION

Transient non-Darcy MHD mixed double diffusive
convection flow of an electrically conducting fluidver
an isothermal semi-infinite, vertical plate embetidle
a homogeneous porous medium, in the presence of a
transverse uniform magnetic field and surface eucti
or injection has been numerically investigated. The
non-Darcy model, which includes the Forchhimer
extension, is employed to describe the flow in the
porous medium. The plate is suddenly heated and its
temperature and concentration are raised frontoTT,,
and from G to G, respectively. The governing partial
differential equations are transformed to a nondaim
form by introducing appropriate transformation. The
transformed equations have been solved numerically
using the fourth order Runge-Kutta method with the
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shooting technique. The effects of all involved Abo-Eldahab, E.M., M.A. El-Aziz, A.M. Salem and
parameters on the transient velocity, temperature, K.K. Jaber, 2007. Hall current effect on MHD

concentration profiles, the local skin friction mixed convection flow from an inclined
coefficient, Nusselt number and Sherwood number are  continuously stretching surface with
presented and discussed. It has been found that: blowing/suction and internal heat

generation/absorption. Applied Math. Modell., 31:
Increasing the inertial parametércan cause a 1829-1846. DOI: 10.1016/j.apm.2006.06.017
slight increase in the fluid temperature, massabo-Eldahab, E.M. and M.S.E. Gendy, 2000. Radiation
concentration, the local Nusselt and Sherwood effect on convective heat transfer in an electiycal
numbers and a significant decrease in fluid vejocit conducting fluid at a stretching surface with

and the local skin friction coefficient. Furtherrapr variable viscosity and uniform free stream. Phys.
it is worth mentioning that the inertial effect gr® Scripta, 62: 321-321. DOl:
with time 10.1238/Physica.Regular.062a00321

Increasing the mixed convection parametetauses Al-Nimr, M.A. and S. Masoud, 1998. Unsteady free
an increase in the fluid velocity and skin friction convection flow over a vertical flat plate immersed
coefficient, also it reduce the heat and mass feans in a porous medium. Fluid Dyn. Res., 23: 153-153.
coefficients for aiding flow, while an appositerteeis DOI: 10.1016/S0169-5983(97)00059-2

observed for the opposing flow case Al-Odat, M.Q., 2004. Transient non-Darcy mixed

Increasing the Hartmann number Ha causes convection along a vertical surface in porous madiu

decrease in the fluid velocity and skin friction With_ suction or inj.ection. Applied Math. Compuit.,
coefficient while it increases the heat and mass _ 1°6: 679-694. DOI: 10.1016/j.amc.2003.08.017

transfer coefficients Bejan, A. and D.A. Nield, 1991. Transient forced

Increasing the Lewis number Le can cause a gz?gjgt'ogegﬁi: aIr?tUddggxmTJenate?_'egfteM:SSa
decrease I mass concentration and increase ¢ Tiansfer, 18: 8391, DOI  10.1016/0735-

The fluid locity. fluid t t 1933(91)90010-2
€ fud - vefocity, Tul emperature, - mass Cheng, P., and I. Pop, 1983. Transient free coiorect
concentration, heat and mass transfer coefficients : )
. o about a vertical flat plate embedded in a porous
increase as the timeincreases from zero to 0.75 . . - -
medium. International Journal of Engineering

then they decrease to reach the steady stafelas Science, 22:  253-264.  doi:10.1016/0020-

(T—0) _ _ 7225(84)90006-5

Increasing the buoyancy ratio parameter InCreaseélbashbashy, E.M.A., 1998. Heat transfer overedcsting
the fluid velocity and skin friction while it surface with variable surface heat flux. J. Phys. D
decreases both the heat and mass transfer applied Phys., 31: 1951-1951. DOI: 10.1088/0022-
coefficients 3727/31/16/002

Increasing the thermal dispersion parameteiayrris, S.D., D.B. Ingham and I. Pop, 1996. Tramisie
increases both the velocity and fluid temperature  free convection from a vertical plate subjectea to
while it decreases the heat transfer coefficient change in surface heat flux in porous media. Fluid
Increasing the solutal dispersion parameter Dyn. Res., 18: 313-313. DOI: 10.1016/0169-
increases both the velocity and fluid temperature  5983(96)00025-1

while it decreases the mass transfer coefficient ~ Harris, S.D., D.B. Ingham and I. Pop, 1997. Free
Finally, increasing f increases the mass transfer convection from a vertical plate in a porous

and decreases the heat transfer coefficients medium subjected to a porous medium subjected to
a sudden change in surface heat flux. Transport
REFERENCES Porous Media, 26: 207-226. DOI:
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