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ABSTRACT

We analyze the effects of radiation and chemical reaction on MHD boundary layer flow over a moving vertical
porous plate with heat source. The partial differential equations governing the flow are solved numerically using
the shooting technique. The influence of various parameters on velocity, temperature and concentration profiles,
as well as Nusselt number and skin-friction coefficient are examined and presented graphically and through
tables. We observed that rate of heat transfer are more influenced by radiation and chemical reaction parameters.
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1 INTRODUCTION

The process of heat and mass transfer is encountered in aeronautics, fluid fuel nuclear reactor, chemical process
industries and many engineering applications in which the fluid is the working medium. Bejan and Khair (1985)
have investigated the vertical free convective boundary layer flow embedded in a porous medium resulting from
the combined heat and mass transfer. Cheng and Minkowycz (1977) studied the problem of natural convection
from a vertical flat plate embedded in a saturated porous medium where the wall temperature is a power function
of the heat of the plate. The heat and mass transfer effects on a flow along a vertical plate in the presence of a
magnetic field was investigated by Elbashbeshy (1997). Mass transfer effects on the flow past an exponentially
accelerated vertical plate with constant heat flux was studied by Jha et al. (1991). Das et al. (1999) have studied
effects of mass transfer on flow past an impulsively started vertical infinite plate with constant heat flux and
chemical reaction. The influence of magnetic field on an electrically conducting viscous incompressible fluid is
extensively used in many applications. Because of its application for MHD natural convection flow in the
nuclear engineering where convection aids the cooling of reactors, the natural convection boundary layer flow of
an electrically fluid up a hot vertical wall in the presence of strong magnetic field has been studied by several
authors such as Sparrow and Cess (1961), Riley (1964) and Kuiken (1970). Simultaneous occurrence of
buoyancy and magnetic field forces up a hot vertical flat plate in the presence of a strong cross magnetic field
was studied by Singh and Cowling (1963) who have shown that regards of strength of applied magnetic field
there will always be a region in the neighborhood of the leading edge of the plate where electromagnetic forces
are unimportant. The investigation of boundary layer flow and mass transfer past a vertical plate in a porous
medium with constant heat flux in presence of transverse magnetic field has been done by Makinde (2009). The
effects of transversely applied magnetic field on the flow of an electrically conducting fluid past an impulsively
started isothermal vertical plate was studied by Soundalgekar et al. (1979). MHD effects on impulsively started
vertical infinite plate with variable temperature in the presence of transverse magnetic field were studied by
Soundalgekar et al. (1981). The dimensionless governing equations were solved using Laplace transform
technique.

Radiative heat and mass transfer play an important role in manufacturing industries for the design of reliable
equipment. Nuclear power plants, gas turbines and various propulsion devices for aircraft, missiles, satellites and
space vehicles are examples of such engineering applications. If the temperature of surrounding fluid is rather
high, radiation effects play an important role and this situation does not exist in space technology. In such cases
one has to take into account the effect of thermal radiation and mass diffusion. Influence of thermal radiation on
transient magneto hydrodynamic coutte flow through a porous medium by using finite difference method
discussed by Baoku et al. (2012). The effect of radiation on MHD flow and heat transfer must be considered
when high temperatures are reached. Ghaly (2002) employed symbolic computation software Mathematica to
study the effect of radiation on heat and mass transfer over a stretching sheet in the presence of a magnetic field.
Raptis et al. (2003) studied the effect of radiation on 2D steady MHD optically thin gray gas flow along an
infinite vertical plate taking into account the induced magnetic field.
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The study of heat and mass transfer in a moving fluid is important in view of several physical problems, such as
fluids undergoing exothermic and endothermic chemical reaction. Kandasamy et al. (2005) studied the effects of
chemical reaction heat and mass transfer along a wedge with heat source and concentration in the presence of
suction or injection. Das et al (1994) have studied the effect of homogeneous first order chemical reaction on the
flow past an impulsively started infinite vertical plate with uniform heat flux and mass transfer. Mass transfer
effects on moving isothermal vertical plate in the presence of chemical reaction studied by Das et al. (1999). Al-
Qadat and Al-Azab (2007) studied the influence of chemical reaction on transient MHD free convection flow
over a moving vertical plate. Chamka and Ahmed (2011) found the similarity solution for an unsteady magneto
hydrodynamic flow near a stagnation point of a three-dimensional porous body with heat and mass transfer, heat
generation/absorption and chemical reaction.

The present study is of immediate application to all those processes which are highly affected with heat
enhancement concept. It is pertinent to mention here that some researchers have pursued their investigations with
heat source but the effects of radiation, chemical reaction, magnetic field on MHD boundary layer flow over a
moving vertical porous plate is presented in this paper clearly.

2 MATHEMATICAL ANALYSYS

We analyze the effects of two-dimensional free convection flow on the steady incompressible laminar MHD heat
and mass transfer characteristics of a linearly started porous vertical plate. The velocity of the fluid which is
assumed to be zero far away from the plate surface. For a quiescent state fluid, the surface temperature and
concentration are taken to be linear. All the fluid properties are assumed to be constant except for the density
variations in the buoyancy force term. For the linear momentum equation because of the magnetic Reynolds
number is assumed to be small. So that the induced magnetic field is neglected. No electrical field is assumed to
exist and both viscous and magnetic dissipations are neglected. Here we neglect the Hall effects, the viscous
dissipation and the joule heating terms. With these assumptions, along with Boussinesq approximations, the
boundary layer equations are described as

Continuity equation:

~ =0 (M

Momentum equation:

ou odu Ju oB; v
u—+v—=0—+gpr-T_ )+gBlC-C.)——Lu——u 2
Energy equation:

2
WL oL _ K af— L 9, 0 (T-T.) 3)
dx dy pC,dy" pC, dy pC,
Species diffusion equation:
oC dC _9°C .
=DZ—-KC @)

U—+v—=
ox  dy dy’
The corresponding boundary conditions are
u=Bx,v=V, T=T =T +ax,C=C, =C_+bx at y=0
u—>0,T->T,6 C—>C, as y—oo )
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where x and y represent the coordinate axes along the continuous moving vertical surface in the direction
of motion and normal to it respectively, u and v are the velocity components along the x andy axes

respectively, U is the kinematic viscosity, ,5, ,5* are the thermal and concentration expansion coefficients
respectively, O is the electric conductivity, B, is the uniform magnetic field, p is the density, k' is the
permeability of the porous medium, 7' is the temperature inside the boundary layer, T, is the temperature far
away from the plate, C is the species concentration in the boundary layer, C_ Species concentration of the

ambient fluid, D is the is the molecular diffusivity of the species concentration, K , is the chemical reaction

parameter, K , is the dimensionless chemical reaction parameter, B is a constant, a and b denotes the

stratification rate of the gradient of ambient temperature and concentration profiles.

By using Roseland approximation, the Radiative heat flux g, is given by

46* aT4 * *
=— —— Where O is the Steffen Boltzmann constant and k is the mean absorption coefficient.

T oy

Considering the temperature differences within the flow sufficiently small such that T may be expressed as the

linear function of temperature. Then expanding T" in Taylor series about 7 and neglecting higher-order

terms, we getT* = 4T°T — 3T .

We introduce the following non-dimensional quantities as:

2 C
M:ﬂ’H:L, Pr:ﬂ p,K:'L’ SC:E’
pB BpC, k k B
T, —T (C, - -
G = 85 . =) Ge=8B (Cw2 C) g T-T. ©
xB xB w1,
— 3 * '
b= C-C, ’R:16Tw? ,K,zﬁ
C,-C, 3kk B

_|B _ VY
n \fvy, Y), B (7)

where F (1) is a dimensionless stream function, €(77) is a dimensionless temperature of the fluid in the

boundary layer region, ¢(7])is a dimensionless species concentration of the fluid in the boundary layer region

and 7]is the similarity variable. The velocity components u and v are defined as follows

u:a—W:xBf', v:—a—W:—\/B_vf @®)
dy ox

14
where f,, = is the suction parameter.
VUB
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In view of the equations (6), (7) and (8) the Equations (2) to (4) takes the form as below

f+ff —(f)V+GrO+Gep—(M +K)f =0 )

(+R)¢ ~Pr|(f —H)O-f6 |=0 (10)

¢ =5Sc|(f +K,)p-f¢]=0 (an

where the primes denote the differentiation with respect to m, M is the magnetic parameter, K is the
permeability parameter, G is the local temperature (Grashof number), G¢ is the local concentration (modified

Grashof number), Pr is the Prandtl number, R is the Radiative parameter and S¢ is the Schmidt number.

The corresponding boundary conditions are

f=1f=—f,0=1¢=1 at 7=0

fIZO, 020,¢:0 as 7} — oo (12)

Numerical Procedure:

The set of equations (9) to (11) under the boundary conditions (12) have been solved numerically using the
shooting method. We consider f = x,, f =X, f =x;, 0=2x,, 6 = X5, Q= X, (0' = x,.Equations (9)

t0 (11) are transformed into systems of first order differential equations as follows:

XI' =X

xzv =X3

x3' =—x,X; + x22 +Mx, — Grx, —Gexg

x4' = X5 (13)
x5' =—Prxx; +Prx,x,

x6' =X

x7' ==Scx,;x, +Scx, x,

Subject to the following initial conditions

x0)=—f, x,0)=1 x0) =5 A
x,0)=1, x,(0)=s,, x,(0)=1, x,(0) =s, (1

In shooting method, we assume the unspecified initial conditions §,, §, and 8, in equation (14). Equation (13)

is then integrated numerically as an initial valued problem to a given terminal point. We can check the accuracy
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of the assumed missing initial condition. By comparing the calculated value of the different variable at the
terminal point with the given value by the existence of the difference in improved values the missing initial
conditions must be obtained. The calculations are carried out the program by using MATLAB.

3 SOLUTION OF THE PROBLEM

The governing boundary layer equations (9) to (11) subject to boundary conditions (12) are solved numerically
by using shooting method. First of all higher order non-linear differential equations (9) to (11) are converted into

simultaneous linear differential equations of first order and they are further transformed into initial value
problem by applying the shooting technique. From the process of numerical computation, the skin-friction

coefficient, the Nusselt number and Sherwood number which are respectively proportional to F (0) , — 6(0)

and — @(0) are also sorted out and their numerical values are presented in a tabular form.

The Skin — Friction and the rate of heat and mass transfer are the most important characteristics of the flow
which are defined as

The coefficient of skin-Friction

T .
Cr=—"==10 (15)

f
,qu\/E
(%

where 7, = ,U(au/ay)y:() = ,UBX\/gf” (0)

The coefficient of rate of heat transfer

Nu =—L:—9(0) (16)

k\/E(Tw -T.)
(%

where ¢, = —k(dT/ay),_, = —k\/g (T, -T.)6(0)

The coefficient of rate of mass transfer

Sh=——="2——==¢ (0)
D\/f(CW—Cm)

A7)

Where m,, =—D(0C/dy),_, = —DE (C,—C.)¢(0)
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4 RESULTS AND DISCUSSION

The velocity, temperature and concentration profiles for different parameters like Magnetic field parameter M ,
Grashof number Gr ,modified Grashof number G¢ , Schmidt number S¢ , Radiation parameterR , Prandtl

number Pr , Heat source H and Suction parameter f,, are shown in figures 1 to 21.

Effect of Magnetic parameter M on velocity profiles is shown in figure 1. It is observed that the velocity
decreases with an increase of M. Figures 2 and 3 shows the influence of Magnetic parameter M on temperature
and concentration profiles. It is noticed that an increase in M contributes the increase of temperature and
concentration of the fluid medium respectively. Figure 4 shows that the effect of Grashof number on velocity
profiles. It is seen that the velocity increases with the increase of Grashof number. Figures 5 & 6 illustrate the
temperature and concentration profiles for different values of Grashof number. It is clear that the temperature
and concentration are decreases with an increase of Grashof number. Figures 7 and 8 shows the variation of
velocity and temperature for different values of Radiation parameter R. It is observed that the velocity and
temperature increases with an increase of Radiation parameter. Figures 9 to 11 shows the effect of velocity,
temperature and concentration for different values of Schmidt number Sc . It is clear that the velocity and
concentration decreases with an increase of Sc but temperature increases with an increase of Sc . The velocity
and temperature profiles for different values of Heat source parameter H is represented in figures 12 and 13. It
is clear that the velocity and temperature increases with an increase of H . Figures 14 to 16 represents the

velocity, temperature and concentration profiles for different values of suction parameter fW. It is noticed that

the velocity, temperature and concentration increases with an increase of Suction parameter fw. The velocity

profiles for different values of modified Grashof number G¢ are shown in figure 17. It is observed that the
velocity increases when modified Grashof number G¢ is increased but after y = 2 we notice the reversal effect.
Figures 18 and 19 shows the temperature and concentration profiles for different values of modified Grashof
number Gc¢ . It is clear that with an increase in G¢ the temperature and concentration decreases. The effect of
Prandtl number Pr on velocity and temperature profiles is shown in figures 20 and 21. It is noticed that the Pr
increases, the velocity and temperature increases. The velocity and temperature profiles for different values of
chemical reaction parameter are represented in Figures 22 to 24. From figures 22 and 23 it is observed that the
velocity and concentration decreases with an increase of chemical reaction parameter but from figure 24 we
found that increase in chemical reaction parameter causes the increase in temperature. From table 1 it is observed
that the Skin-friction coefficients, Nusselt number and Sherwood number are more influenced by radiation and
chemical reaction parameter.

TABLE-1: Numerical values of the Skin-friction coefficients, Nusselt number and Sherwood number for M, Gr,
Ge, R, K, Pr, Sc, H, f, and K|

M |Gr|Ge | R|K | f, | K |Pr |Sc H | (0 -6'(0) -9 (0)

1 3 2 2 0.1 |01 |05 |071 0.60 0.1 | 0.673588 0.541506 1.081608
2 3 2 2 0.1 |01 |05 |0.71 0.60 0.1 | 0.212206 0.504806 1.039830
1 5 2 2 0.1 |01 (05 |0.71 0.60 0.1 1.430087 0.590041 1.138076
1 3 4 2 0.1 |01 (05 |0.71 0.60 0.1 1.286949 0.568367 1.118264
1 3 2 4 0.1 |01 (05 |0.71 0.60 0.1 | 0.743634 0.429851 1.093810
1 3 2 2 05 |01 |05 |071 0.60 0.1 | 0.479238 0.525987 1.064018
1 3 2 2 0.1 |05 (05 |071 0.60 0.1 | 0.720468 0.504587 0.969380
1 3 2 2 0.1 | 0.1 1 0.71 0.60 0.1 | 0.647709 0.538477 1.209094
1 3 2 2 0.1 (01 |05 |3 0.60 0.1 | 0.390740 1.097804 1.032124
1 3 2 2 0.1 |01 (05 |0.71 0.78 0.1 | 0.638061 0.536999 1.230682
1 3 2 2 0.1 |01 |05 |0.71 0.60 0.5 | 0.723759 0.452899 1.090096
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Fig.1: Velocity profiles for different values of M when Pr=0.71,
Gr=3, Gc =2, R=2, K=0.1, Sc =0.60, H=0.1, f =0.1, K,=0.5.
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Fig.2: Temperature profiles for different values of M when Pr=0.71,

Gr=3, Ge =2, R=2, K =0.1, Sc =0.60, H=0.1, f,=0.1, K,=0.5.
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Fig.3: Concentration profiles for different values of // when Pr=0.71,
Gr=3, Gc =2, R=2, K=0.1, Sc =0.60, H=0.1, f =0.1, K,=0.5.
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Fig.4: Velocity profiles for different values Gr of when Pr=0.71,

M =1, Gc =2, R=2, K =0.1, Sc =0.60, H =0.1, f, =0.1, K,=0.5.
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Fig.5: Temperature profiles for different values of Gr when M =1,
Pr=0.71, Gc =2, R=2, K =0.1, Sc =0.60, H =0.1, f =0.1, K,=0.5.
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Fig.6: Concentration profiles for different values Gr of when Pr=0.71,

M =1, Gc =2, R=2, K =0.1, Sc =0.60, H =0.1, f, =0.1, K,=0.5.
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Fig.7: Velocity profiles for different values R of when Pr=0.71,
Gr=3, Gc=2, M =1, K =0.1, Sc =0.60, H =0.1, f, =0.1, K,=0.5.
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Fig.8: Temperature profiles for different values of R when M =1,

Gr=3, Gc =2, Pr=0.71, K =0.1, Sc =0.60, H=0.1, f,=0.1, K,=0.5.
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Fig.9: Velocity profiles for different values Sc of when Pr=0.71,
Gr=3, Gc=2, R=2, K=01, M =1, H=0.1, f, =0.1, K,=0.5.
1 T T
—— Sc =0.0
6ory | mmm—a Sc=0.1 ]
........... sc = 0 2
0.8+ o
0.7 - i
0.6 - i
x.%
%
© 05 ]
S,
0.4 ]
0.3+ . 1
Qs
..,
0.2+ \4.\..\" |
0.1F S . .
o L L | L L L
0 0.5 1 1.5 2.5 3.5 4 4.5 5
n

Fig.10: Temperature profiles for different values of Sc when M =1,

Gr=3, Ge=2, R=2, K =0.1, Pr=0.71, H=0.1, f, =0.1, K,=0.5.
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Fig.11: Concentration profiles for different values Sc of when Pr=0.71,

Gr=3, Ge=2, R=2, K=0.1, M =1, H=0.1, f,=0.1, K,=0.5.

Fig.12: Velocity profiles for different values H of when Pr=0.71,

Gr=3, Ge =2, R=2, K =0.1, Sc =0.60, M =1, f, =0.1, K,=0.5.
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Fig.13: Temperature profiles for different values  of when M =1,

Gr=3, Gc =2, R=2, K =0.1, Sc =0.60, Pr=0.71, f,=0.1, K,=0.5.

Fig.14: Velocity profiles for different values f, of when Pr=0.71,

Gr=3, Gc =2, R=2, K=0.1, Sc =0.60, H =0.1, M =1, K,=0.5.
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Fig.15: Temperature profiles for different values of f when M =1,

Gr=3, Pr=0.71, R=2, K =0.1, Sc =0.60, H =0.1, Gc =0.1, K,=0.5.
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Fig.16: Concentration profiles for different values of fw when Pr=0.71,

Gr=3, Ge=2, R=2, K =0.1, Sc =0.60, H=0.1, M =1, K,=0.5.

122



Advances in Physics Theories and Applications wWww.iiste.org
ISSN 2224-719X (Paper) ISSN 2225-0638 (Online) [LLE]§

Vol26.2013 STE

Fig.17: Velocity profiles for different values G¢ of when Pr=0.71,

Gr=3, M =1, R=2, K =0.1, Sc =0.60, H=0.1, f, =0.1, K,=0.5.
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Fig.18: Temperature profiles for different values of G¢ when M =1,

Gr=3, Pr=0.71, R=2, K =0.1, Sc =0.60, H=0.1, f,=0.1, K,=0.5.
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Fig.19: Concentration profiles for different values G¢ of when Pr=0.71,

Gr=3, M =1, R=2, K =0.1, Sc =0.60, H=0.1, f, =0.1, K,=0.5.
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Fig. 20: Velocity profiles for different values Pr of when M =1,

Gr=3, Ge=2, R=2, K =0.1, Sc =0.60, H=0.1, f,=0.1, K,=0.5.
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Fig. 21: Temperature profiles for different values of Pr when M =1,

Gr=3, Gc =2, R=2, K =0.1, Sc =0.60, H =0.1, f, =0.1, K,=0.5.
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Fig.22: Velocity Profiles for different values of K ; when Pr=0.71,
Sc=0.60, R=1=M, H=0.1, Gr=5= Gc, s=0, c=0.5, K=1.
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Fig.23: Concentration Profiles for different values of K ; when Pr=0.71,

Sc=0.60, R=1=M, Gr=5= Gc, s=0, ¢=0.5, K=0.1, H=0.1.
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Fig. 24: Temperature profiles for different values of K, when M =1,

Gr=3, Gc =2, R=2, K=0.1, Sc =0.60, H =0.1, f =0.1, Pr=0.71.
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6 CONCLUSIONS

The effects of radiation and chemical reaction on MHD boundary layer flow over a moving vertical porous plate
with heat source were analysed. The partial differential equations governing the flow are solved numerically
using the shooting technique. The influence of various parameters on velocity, temperature and concentration

profiles, as well as Nusselt number and skin-friction coefficient are examined.
The conclusions are as follows:

1. The variations of Skin-friction coefficient, Nusselt number and Sherwood number are more influenced
by radiation and chemical reaction parameter, which is increase in radiation and chemical reaction
parameter causes the slight increase in Skin-friction coefficient, Nusselt number and Sherwood number.

2. The dimensionless surface velocity of the flow is decreases by increase in magnetic field, decrease in
Grashof number and radiation parameter.

3. The increase in radiation parameter, magnetic field parameter increases the fluid temperature, which
leads to an increase in rate of heat transfer.

4. The velocity and concentration profiles decreases with an increase of chemical reaction parameter but it
is reverse in case of temperature profiles.

REFERENCES

Al-Qadat, M. Q. and Al-Azab, T. A., (2007).Influence of chemical reaction on transient MHD free convective
flow over a moving vertical plate, Emirates J. Engg. Research, 12(3), 15.

Baoku, I. G., C. Israel Cookey and Olajuwon B. L., (2012). Influence of Thermal Radiation on a Transient
MHD Coutte Flow through a Porous Medium, Journal of Applied Fluid Mechanics, Vol. 5, No. 1, pp. 81 — 87.

Bejan, A and Khair K.R. (1985), Vertical free convective boundary layer flow embedded in a porous medium
with combined heat and mass transfer. ASME. J. of Heat Transfer, vol. 107, pp. 1979-1981.

Chamka, A. J. and Ahmed S. E., (2011). Similarity solution for unsteady MHD flow near a stagnation point of a
three dimensional porous body with heat and mass transfer, heat generation/absorption and chemical reaction,
Journal of Applied Fluid Mechanics, Vol. 4, No. 2, Issue 1, pp. 87 — 94.

Cheng P and Minkowycz WIJ (1977). Free convection about a vertical flat plate embedded in a porous medium
with application to heat transfer from a dike. J. Geophys, Res, 82, pp. 2040-2049.

Das UN, Deka RK, and Soundalgekar VM (1994). Effects of mass transfer on flow past an impulsively started
infinite vertical plate with constant heat flux and chemical reaction. Forschungim Ingenieurwesen 60(10), pp.
284-287.

Das UN, Deka RK, and Soundalgekar VM (1999). Effects of mass transfer on flow past an impulsively started
infinite vertical plate with chemical reaction. The Bulletin of Gauwhati University Mathematical Association 5,

pp- 13-20.

Elbashbeshy, E.M.A., (1997). Heat and mass transfer along a vertical plate with variable surface temperature and
concentration in the pressure of the magnetic field, Int. J. Eng. Sc., Vol. 34, pp. 515-522.

127



Advances in Physics Theories and Applications wWww.iiste.org
ISSN 2224-719X (Paper) ISSN 2225-0638 (Online) LlHliI!
Vol.26,2013 "s E

Ghaly, A. Y (2002).Radiation effects on a certain MHD free-convection flow. chaos, solutions & Fractals, 13
(9), pp. 1843 — 1850.

Jha B K, Prasad R and Rai S (1991). Mass transfer effects on the flow past an exponentially accelerated vertical
plate with constant heat flux. Astrophysics and Space Science 181, pp. 125-134.

Kandasamy R, Periasamy K, Sivagnana Prabhu K.K.(2005) “Effects of chemical reaction, heat and mass
transfer along a wedge with heat source and concentration in the presence of suction or injection,” Int. J. Heat
and Mass Transfer, Vol. 48(7), pp. 1388-1394.

Kuiken, H. K., (1970). Magneto-hydrodynamic free convection in a strong cross field, J. Fluid Mech., 40, 21.

Makinde, O. D., (2009). On MHD boundary layer flow and mass transfer past a vertical plate in a porous
medium with constant heat flux, Int. J. Num. Meth. Heat & Fluid Flow, 19(3/4), 546.

Raptis, A. Perfidies. C and A. Leontitsis (2003).Effects of radiation in an optically thin gray gas flowing past a
vertical infinite plate in the presence of a magnetic field”, Heat Mass Transfer 39, pp. 771 — 773.

Riley, N., (1964). Magneto-hydrodynamic free convection, J. Fluid Mech., 18, 267.

Singh, K. R. and Cowling, T. G., (1963). Effect of magnetic field on free convective flow of electrically
conducting fluids past a semi infinite flat plate, Quart. J. Mech. Appl. Math., 16, 1.

Soundalgekar. V. M, Gupta. S. K, Birajdar. N.S, (1979). Effects of mass transfer and free convection currents on
MHD stokes problem for a vertical plate, Nuclear Engg Des., 339-346.

Soundalgekar. V. M, Patil. M. R, Jahagirdar. M.D, (1981). MHD stokes problem for a vertical plate with
variable temperature, Nuclear Engg. Des., 64, 39-42.

Sparrow, E. M. and Cess, R. D.,(1961). The effect of a magnetic field on free convection heat transfer, Int. J.
Heat Mass Transfer, 3(4), 267.

128



This academic article was published by The International Institute for Science,
Technology and Education (IISTE). The IISTE is a pioneer in the Open Access
Publishing service based in the U.S. and Europe. The aim of the institute is
Accelerating Global Knowledge Sharing.

More information about the publisher can be found in the IISTE’s homepage:
http://www.iiste.org

CALL FOR JOURNAL PAPERS

The 1ISTE is currently hosting more than 30 peer-reviewed academic journals and
collaborating with academic institutions around the world. There’s no deadline for
submission. Prospective authors of IISTE journals can find the submission
instruction on the following page: http://www.iiste.org/journals/  The IISTE
editorial team promises to the review and publish all the qualified submissions in a
fast manner. All the journals articles are available online to the readers all over the
world without financial, legal, or technical barriers other than those inseparable from
gaining access to the internet itself. Printed version of the journals is also available
upon request of readers and authors.

MORE RESOURCES

Book publication information: http://www.iiste.org/book/

Recent conferences: http://www.iiste.org/conference/

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar

e BSCO INDEX@ COPERNICUS
ros INFORMATION SERVICES DN RSN B LI AR

@ vmensyize sourmaocs @

£z Elektronische
@0® Zeitschriftenbibliothek

open

GEORGETOWN UNIVERSITY

LIBRARY



http://www.iiste.org/
http://www.iiste.org/journals/
http://www.iiste.org/book/
http://www.iiste.org/conference/

