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Abstract: Exact solution of an unsteady magneto-hydrodynamic (MHD) convective flow problem of an
incompressible, electrically conducting and visco-elastic (second order) fluid through a porous medium
bounded by two infinite vertical porous plates is obtained analytically. The fluid is injected with constant
ௗ
velocity through the channel wall at  כ ݕൌ െ and simultaneously removed with same velocity through the
ௗ

ଶ

other wall at  כ ݕൌ  . The temperature of the plate at  כ ݕൌ 
ଶ
 כሺכ ݕ

כ

כሻ

ഏכ
ିఠ כ௧ כ


ௗ
ଶ

is assumed to be fluctuating span-wise

൯. A magnetic field of uniform strength is applied
cosinusoidally as ܶ
ǡ  ݖǡ  ݐൌ ܶଵ  ሺܶଶ െ ܶଵ ሻ ൫
perpendicular to the planes of the channel plates. The magnetic Reynolds number is assumed very small so
that the induced magnetic field is neglected. The temperature difference between the plates is high enough to
induce the heat due to radiation. The Rosseland approximation is used to describe the radiation heat flux for
the fluid as optically-thick gray gas, absorbing/emitting but non-scattering medium. Exact solution of the
partial differential equations governing the flow under the prescribed boundary conditions has been obtained
for the velocity and the temperature fields. The velocity, temperature and the skin-friction and Nusselt number
in terms of their amplitudes and phase angles have been shown graphically to observe the effects of viscoelastic
parameter γ, injection/suction parameter ߣ, Grashof number Gr, Hartmann number M, the permeability of the
porous medium K, Prandtl number ܲ , radiation parameter N, pressure gradient A and the frequency of
oscillation ߱. The final results are then discussed in detail in the last section of the paper with the help of
figures.
Keywords: Magnetohydromagnetic (MHD), Convective, Span-Wise Fluctuating, Viscoelastic, Porous Medium,
Radiation.

Introduction: Many common liquids such as oils, certain paints, polymer solution, some organic liquids and
many new material of industrial importance exhibit both viscous and elastic properties. Therefore, these fluids
called viscoelastic fluids are being studied extensively. Many researchers have shown their interest in the
fluctuating flow of a viscous incompressible fluid past an infinite or semi-infinite flat plate. Viscoelastic fluid
flow through porous media has attracted the attention of scientists and engineers because of its importance
notably in the flow of oil through porous rocks, the extraction of energy from geothermal region and drug
permeation through human skin. The knowledge of flow through porous media is useful in the recovery of
crude oil efficiently from the pores of reservoir rocks by displacement with immiscible water. The flow through
porous media occurs in the ground water hydrology, irrigation, and drainage problems and also in absorption
and filtration processes in chemical engineering. The scientific treatment of the problem of irrigation, soil
erosion and tile drainage are the present developments of porous media. Nakayama and Koyama [1] studied
buoyancy induced flow of a non-Newtonian fluid over a non-isothermal body of arbitrary shape in a fluid
saturated porous medium. Ariel [2] analyzed the flow of viscoelastic fluid past a porous plate. MHD flow of a
viscoelastic fluid past a stretching surface was studied by Andersson [3]. Pillai et al. [4] analyzed viscoelastic
boundary layer flow through porous medium with heat transfer. Sharma and Pareek [5],[6] examined an
Unsteady flow and heat transfer through an elastico-viscous liquid along an infinite hot vertical porous moving
plate in different situation. Rahman and Sarkar [7] investigated the unsteady MHD flow of a viscoelastic
Oldroyd fluid under time varying body forces through a rectangular channel. Singh and Singh [8] studied an
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MHD flow of a dusty viscoelastic (Oldroyd B-liquid) through a porous medium between two parallel plates
inclined to horizon. Datti et al [9] studied MHD viscoelastic fluid flow over anon-isothermal stretching sheet.
Roy and Chaudhury [10] analyzed heat transfer by laminar flow of an elastico-viscous liquid along a plane wall
with periodic suction. Hameed and Nadeem [11] studied unsteady MHD flow of a non-Newtonian fluid on a
porous plate.
Hayat et al [12] discussed periodic unsteady flows of a non-Newtonian fluid. Kumar and Sivaraj [13] studied
MHD mixed convective viscoelastic fluid flow in a permeable vertical channel with Dufour, effect and chemical
reaction. Singh [14] analyzed viscoelastic mixed convection MHD oscillatory flow through a porous medium
filled in a vertical channel. Singh
[15] analyzed an oscillatory mixed convection flow of a viscoelastic
electrically conducting fluid in an infinite vertical channel filled with porous medium. Considering the Hall
effects Attia [16] discussed unsteady Hartmann flow of a viscoelastic fluid. Attia [17] analyzed Unsteady MHD
Couette flow of a viscoelastic fluid with heat transfer.Alphonsa and Singh [18] discussed Hall effect on
radiating span-wise fluctuating MHD convective flow through porous medium. Damseh and Shannak [19]
Visco-elastic fluid flow past an infinite vertical porous plate in the presence of first order chemical reaction.
Sivaraj and Rushi Kumar [20] studied MHD mixed convective flow of viscoelastic and viscous fluids in a
vertical porous channel. Misra et al [21] studied Hydromagnetic flow and heat transfer of a second-grade
viscoelastic fluid in a channel with oscillatory stretching walls: application to the dynamics of blood flow also
Choudhury and Das [22] analyzed visco-elastic MHD free convective flow through porous media in presence
of radiation and chemical reaction with heat and mass transfer. Recently Gorla et al [23] analyzed the effect of
unsteady heat and mass transfer in MHD viscoelastic fluid flow through porous medium between two inclined
porous parallel plates with soret effect and G-Jitter force.
The objective of the present paper is to study an unsteady MHD convective flow of a viscoelastic (Walter’s
liquid-B) fluid through a porous medium filled in a vertical channel in the presence of heat source. Constant
injection and suction is applied at the left and the right infinite porous plates respectively. A uniform magnetic
field is applied along the axis perpendicular to the planes of the plates. The magnetic Reynolds number is
assumed very small so that the induced magnetic field is neglected. The temperature difference between the
plates of the channel is sufficiently high to induce heat radiation. An exact solution of the partial differential
equations governing the flow problem is obtained and the effects of various flow parameters on the velocity
field and the skin friction are discussed in the last section of the paper with the help of figures.The object of
the present paper is to study an unsteady MHD convective flow of a viscoelastic (Walter’s liquid-B) fluid
through a porous medium filled in a vertical channel in the presence of heat source. Constant injection and
suction is applied at the left and the right infinite porous plates respectively. A uniform magnetic field is
applied along the axis perpendicular to the planes of the plates. The magnetic Reynolds number is assumed
very small so that the induced magnetic field is neglected. The temperature difference between the plates of
the channel is sufficiently high to induce heat radiation. An exact solution of the partial differential equations
governing the flow problem is obtained and the effects of various flow parameters on the velocity field and the
skin friction are discussed in the last section of the paper with the help of figures.
Mathematical Analysis: An oscillatory MHD convective flow of a Walters liquid Model ܤԢ (viscoelastic),
incompressible and electrically conducting fluid through a porous medium in a vertical channel is considered.
The constitutive equations for the rheological equation of state for the viscoelastic fluid (Walters liquid Model
ܤԢ) are
כ
 ൌ െ݃  
(1)
௧
ሺଵሻ
כ
(2)
 ൌ ʹ ିஶ ߰ሺ ݐെ  כ ݐሻ݁ ሺ כ ݐሻ݀ כ ݐ.
௧

כ
 షሾሺష ሻȀഓሿௗఛ, and ܰሺ߬ሻ is distribution function of relaxation time ߬Ǥ In the above
Where in ߰ሺ ݐെ  כ ݐሻ ൌ ିஶ ಿሺഓሻ
ഓ
equation  is the stress tensor,  is an arbitrary isotropic pressure, ݃ is the metric tensor of a fixed coሺଵሻ
ordinate system  ݅ݔand ݁ is is the rate of strain tensor. It was shown by Walter (1964) that equation (2) can
be put in the following generalized form which is valid for all types of motion and stress

௧

כ
ሺݔǡ ݐሻ ൌ ʹ ିஶ ߰ሺ ݐെ  כ ݐሻ

כ

డ௫  డ௫ ೖ

డ௫ כ డ௫ כೝ

݁ ሺଵሻ ሺ כ ݔǡ  כ ݐሻ݀ כ ݐ.
כ

(3)



Wherein  ݔis the position at times  ݐof the element which is instantaneously at the point  ݔat the time t. The
fluid with the equation (1) to (3) has been designated as the liquid B’. In the case of the liquid with short
memories i.e. short relaxation times, the above equation can be written in the following simplified form:
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ஶ
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,
ஶ

where ߟ ൌ  ܰሺ߬ሻ݀߬ is limiting viscosity at the small rates of shear, ݇ ൌ  ߬ܰሺ߬ሻ݀߬ and
convected time derivative.

డ

డ௧

denotes the

The insulated plates of the channel are at distance '݀Ԣ apart. The porous walls of the vertical channel are lying
ௗ
in the  כ ݕൌ േ planes and the fluid is injected through the left porous plate with constant velocity (V) and
ଶ
simultaneously sucked through the other plate with the same velocity (V). The  כ ݔ- axis is oriented vertically
upwards along the centreline of the channel. The  כ ݕ-axis taken perpendicular to the planes of the plates and a
ሬԦ ൌ ሺͲǡ ܤ ǡ Ͳሻ is applied along this axis. The non-uniform
transverse magnetic field of uniform strength ܤ

כ
temperature of the plate at  ݕൌ  మ is assumed to be varying span-wise cosinusoidally in space and time both
כ
as ܶ  כሺ כ ݕǡ  כ ݖǡ  כ ݐሻ ൌ ܶଵ  ሺܶଶ െ ܶଵ ሻ ൫ഏ ିఠ כ௧ כ൯.
(5)

Since the plates of the channel are of infinite extent in the  כ ݔdirection, therefore, all the physical quantities
except the pressure are independent of  כ ݔ. All fluid properties are assumed constant except variation of density
ሬԦ ൌ Ͳ for the constant
with temperature only in the body force term. The equation of continuity Ǥ ܸ
כ
כ
ሬ
Ԧ
injection/suction at the channel plates integrates to כ ݒൌ ܸ where ܸ ൌ ሺ ݑǡ  ݒǡ Ͳሻ represents the velocity
components in the directions ሺ כ ݔǡ  כ ݕǡ  כ ݖሻ respectively. The physical configuration of the problem is shown in
Figs. 1a & 1b.
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Fig.1a. Hot Vertical Channel

Fig.1b. Span-Wise Cosinusoidal Plate
Temperature

Following Attia and Ewis [24] and Kumar and Chand [25] and taking into account the usual Boussinsq’s
approximation the magnetohydrodynamic (MHD) mixed convection flow in the vertical channel is governed
by the following momentum and energy differential equations:
డ௨כ
డ௧ כ

ܸ

ߩܿ ቀ

డ௨כ
డ௬ כ

డ் כ
డ௧ כ

ൌെ

ܸ

where ଶ ൌ

డ் כ
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డ௭ మ

.

డ כ

డ௬ כ

డ௨כ
డ௧ כ

ቁെ

ఙబమ
ఘ

െ ܳ  כሺܶ  כെ ܶଵ ሻ,

 כݑെ

ణభ

כ

 כݑ ݃ߚሺܶ  כെ ܶଵ ሻ,

(6)
(7)

The heat flux due to radiation and for an optically thick gray gas is expressed by using Rosseland
approximation as
 כݍൌ െ

ସఙ  כడ் כర
ଷ  כడ௬ כ

,

(8)
ସ

We assume that the temperature differences within the flow are sufficiently small such that ܶ  כmay be
expanding in Taylor series about ܶଵ . Neglecting higher order terms and retaining first term only, we obtain
ܶ כସ ؆ Ͷܶଵଷ ܶ  כെ ͵ܶଵସ .
(9)
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Substituting (9) into (8) and simplifying, we obtain
డ כ

డ௬ כ

ൌെ

ଵఙ ் כభయ డమ ் כ
ଷ כ

డ௬ כమ

.

(10)

The substitution of equation (10) into the energy equation (7) for the heat due to radiation, we get
ߩܿ ቀ

డ் כ
డ௧ כ

ܸ

డ் כ

డ௬ כ

ቁ ൌ ݇ଶ ܶ  כ

ଵఙ ் כభయ డమ ் כ
ଷ כ

డ௬ כమ

െ ܳ  כሺܶ  כെ ܶଵ ሻ,

(11)

The boundary conditions for the problem are
 כ ݕൌ െమǣ כݑൌ Ͳǡܶ  כൌ ܶଵ ,
כ
 כ ݕൌ మǣ כݑൌ Ͳǡ ܶ  כൌ ܶଵ  ሺܶଶ െ ܶଵ ሻ ൫ഏ ିఠכ௧ כ൯.

(12)
(13)

Introducing the following non-dimensional quantities
ݔǡ ݕǡ  ݖൌ

௫  כǡ௬  כǡ௭ כ
ௗ

ǡ  ݐൌ ߱ כ ݐ כǡ ߱ ൌ

ఠכௗమ
ణభ

into equations (6) and (11) we get
߱
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డ௧

߱ܲݎ

ߣ
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డ௧
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డ௬

ൌ െߣ
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డఏ
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ణమ
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ǡ

ଷே డ௬ మ

డ௧

െ ܵߠ ,

ߣൌ

ௗ
ణభ

is the radiation parameter, ܵ ൌ

ொ כௗమ


ഋ
ೖ

(16)

is the Prandtl number,

is the heat source.

(17)

ଶ

 ݕൌ ǣ ݑൌ Ͳǡ ߠ ൌ ሺߨ ݖെ ݐሻ.
ଶ

(15)

is the Grashof number,  ܯൌ ܤ ݀ ටഐഛ భ is the Hartmann number,

The boundary conditions in the dimensionless form become
ଵ
 ݕൌ െ ǣ ݑൌ Ͳǡ ߠ ൌ Ͳǡ
ଵ

(14)

is the injection/suction parameter,

is the permeability of the porous medium, ܲ ݎൌ

ௗమ
 כ

כ

ఘ మ

 ଶ  ݑ ߛ߱ଶ ቀ ቁ െ ሺܯଶ  ି ܭଵ ሻ ݑ ߠݎܩ,

is the viscoelastic parameter,

ௗమ
ఉௗ మ ሺ்మ ି்భ ሻ
ణ

డ

 ݑൌ

(18)

Solution of the Problem: In order to obtain the solution of this flow in the porous channel when the fluid is
acted upon by an unsteady periodic drop in pressure, we assume the solution in complex variable notations as
డ
(19)
ݑሺݕǡ ݖǡ ݐሻ ൌ ݑ ሺݕሻ݁ ሺగ௭ି௧ሻ ǡ ߠሺݕǡ ݖǡ ݐሻ ൌ ߠ ሺݕሻ݁ ሺగ௭ି௧ሻ ǡ െ ൌ  ݁ܣሺగ௭ି௧ሻ ǡ
డ௫

where  ܣis a constant. The real part of the solution will have physical significance.
The boundary conditions (17) and (18) can also be written in complex notations as
ଵ
 ݕൌ െ ǣ ݑൌ Ͳǡ ߠ ൌ Ͳǡ
ଵ

ଶ

 ݕൌ ǣ ݑൌ Ͳǡ ߠ ൌ ݁
ଶ

ሺగ௭ି௧ሻ

.

Substituting equation (19) into equations (15) and (16) we obtain following equations
ሺͳ െ ݅߱ߛሻݑᇱᇱ െ ߣݑᇱ െ ሼߨ ଶ  ܯଶ  ି ܭଵ െ ݅߱ሺͳ  ߨ ଶ ߛሻሽݑ ൌ െߣ ܣെ ߠݎܩ ,
ర
൯ߠᇱᇱ െ ߣܲߠݎᇱ െ ሺߨ ଶ  ܵ െ ݅߱ߣܲݎሻߠ ൌ Ͳ,
൫ͳ  యಿ
where the primes in these ordinary differential equations denote differentiation with respect to y.

(20)
(21)

(22)
(23)

The boundary conditions (20) and (21) reduce to
(24)
 ݕൌ െభమǣݑ ൌ Ͳǡߠ ൌ Ͳǡ
భ
 ݕൌ మǣݑ ൌ Ͳǡߠ ൌ ͳ .
(25)
The solution of equation (22) for the velocity field under the boundary conditions (24) and (25) is obtained as
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where ݈ ൌ ሾߨ ଶ  ܯଶ  ି ܭଵ െ ݅߱ሺͳ  ߛߨ ଶ ሻሿ
݈,

ݎൌ

݉ൌ

ఒାඥఒమ ାସሺଵିఠఊሻ
ଶሺଵିఠఊሻ

݊ൌ

,
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ఒାටఒమ  మ ାସ൫ଵାయಿ
൯ሺగమ ାௌିఠሻ
ర
ଶ൫ଵାయಿ൯

ఒିඥఒమ ାସሺଵିఠఊሻ

ݏൌ

,

ଶሺଵିఠఊሻ
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ܥଵ ൌ ሺͳ െ ݅߱ߛሻ ݎଶ െ ߣ ݎെ ݈,ܥଶ ൌ ሺͳ െ ݅߱ߛሻ ݏଶ െ ߣ ݏെ

,
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ఒିටఒమ  మ ାସ൫ଵାయಿ൯ሺగమ ାௌିఠሻ
ర
ଶ൫ଵାయಿ൯

.

Similarly, the solution of equation (23) for the temperature field under the boundary conditions (24) and (25) is
obtained as
θሺݕǡ ݖǡ ݐሻ ൌ ቆ



ೞ
ೝషమ

ೝ
ೞషమ
ೝషೞ
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ቇ ݁ ሺగ௭ି௧ሻ .

The amplitude is ȁ ȁ ൌ ඥ
wherein
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ଶ
୧
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and the phase angle ɔ ൌ ିଵ ూూ౨ ,
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ି
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(29)

Similarity, we can get the Nusselt number, ܰݑ, the heat transfer coefficient in terms of its amplitude ȁܪȁ and
the phase angle ߰ from equation (27) for the temperature field as
ܰ ݑൌ ȁܪȁ ሺߨ ݖെ  ݐ ߰ሻ,
(30)

With ȁܪȁ ൌ ܪ  ݅ܪ ൌ

ഊುೝ
ష
ర
మቀభశ ቁ
యಿ
ଶ௦൫ೝషೞ
൯
మ

ሺି௦ሻ

,

where the amplitudeȁܪȁ and the phase angle ߰of the rate of heat transfer are given as
ு
ȁܪȁ ൌ ඥܪଶ  ܪଶ ǡ
߰ ൌ ିଵ  .
ுೝ

(31)

(32)

Results and Discussion: An exact solution of an unsteady MHD convective flow of Walters liquid Model B′
(viscoelastic) through porous medium in a vertical porous channel is obtained in the presence of a heat source.
The plate temperature of the channel varies span-wise cosinusoidally. The two porous plates are subjected to
constant injection and suction. It is also assumed that the conducting fluid is optically-thick gray gas,
absorbing/ emitting radiation and non-scattering. The solution so obtained is evaluated numerically for
different sets of values of the parameters involved in the flow field. In order to have a better insight of the
influence of the parameters on the velocity and temperature fields these numerical values are then illustrated
through figures. The influence of each of the parameters on the physical quantities like the velocity, the
temperature, the amplitude and the phase of the skin-friction and rate of heat transfer are depicted through
figures.

The effects of different parameters on the velocity field ݑሺݕǡ ݖǡ ݐሻ are shown in Figure 2 Different curves in this
figure represent the sets of various values of the parameters listed in Table 1. This figure clearly shows that the
velocity is maximum in the middle of the channel which leads to parabolic velocity profiles in the channel as
expected. curve I corresponds to the case of Newtonian fluid. Remaining curves are compared with the curve
II to assess the influence of each parameter on the velocity. This figure clearly shows that curves IV, V, VII
and XI lie above the curve II which means that the velocity increases with the increase of injection/suction
parameter ߣǡ Grashof number ݎܩ, permeability of the porous medium K and favorable pressure gradient ܣ
respectively. There is a sharp rise in the velocity with the increase of the injection/suction parameter ߣ . The
increase of velocity with the increase of the Grashof number  ݎܩphysically means that the enhancement of the
buoyancy force leads to increase of the velocity ݑሺݕǡ ݖǡ ݐሻǤ The increase of velocity with the increase of
permeability of the porous medium indicates that the resistance posed by the porous medium reduces as the
permeability of the medium increases because of which the velocity increases. As expected the larger favorable
pressure gradient in the channel leads to faster flow, hence, velocity increases.
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Fig. 2. Velocity Profiles for z=0.5 and t=π/2
Table1. Sets of Parameter Values Plotted
in Fig. 2
γ λ Gr M K Pr N S A ω Curves
0
0.5 1 2 0.2 0.7 1 0.5 2 1 I
0.2 0.5 1 2 0.2 0.7 1 0.5 2 1 II
0.5 0.5 1 2 0.2 0.7 1 0.5 2 1 III
0.2 0.8 1 2 0.2 0.7 1 0.5 2 1 IV
0.2 0.5 2 2 0.2 0.7 1 0.5 2 1 V
0.2 0.5 1 4 0.2 0.7 1 0.5 2 1 VI
0.2 0.5 1 2 1.0 0.7 1 0.5 2 1 VII
0.2 0.5 1 2 0.2 7.0 1 0.5 2 1 VIII
0.2 0.5 1 2 0.2 0.7 5 0.5 2 1 IX
0.2 0.5 1 2 0.2 0.7 1 5.0 2 1 X
0.2 0.5 1 2 0.2 0.7 1 0.5 3 1 XI
0.2 0.5 1 2 0.2 0.7 1 0.5 2 5 II
The effects of other parameters like viscoelastic parameter ߛǡ Hartmann number ܯǡ Prandtl number ܲ ,
radiation parameter ܰǡ heat source ܵ and frequency of oscillations ߱ are represented by curves III, VI, VIII, IX,
X and XII respectively. From this figure it can be easily observed that these curves lie below the curve II. This
means that the flow velocity decreases with the increase of these parameters. The flow retards due to increases
viscoelasticity of the fluid. Lorentz force which is introduced due to the application of the transverse magnetic
field retards the velocity. This force gives a dragging effect on the flow. The two values of the Prandtl number
ܲ =0.7 and ܲ =7 are chosen to represent most common fluids air and water respectively. It is evident that the
velocity is less in water than in air. Since the Prandtl number gives the relative importance of viscous
dissipation to the thermal dissipation so for larger Prandtl number viscous dissipation is predominant and due
to this velocity decreases. The increase of radiation N, heat source S and the frequency ߱ lead to a decrease in
velocity.
The variation of the amplitude ȁ ȁ and the phase angle φ of the skin-friction against ω are shown in Fig.3 and 4
respectively with the increase of different parameters like the viscoelastic parameter ߛǡ injection/suction
parameter ߣ, Grashof number ݎܩ, Hartmann numberܯ, permeability of the porous medium ܭǡ Prandtl
number ܲ , radiation parameter ܰ, heat source parameter ܵ and the pressure gradient is presented. It is
obvious from figure 3 that for any set of parameters listed in Table 2 the amplitude goes on decreasing with
increasing frequency of oscillations߱. The decrease is sharp in ȁ ȁ for small oscillations but then reduces as ω
increases further. Comparing curves III, IV, VI and X with the curve I reveals that the skin-friction amplitude
increases with the increase of injection/suction parameter ߣ, Grashof number ݎܩǡpermeability of the porous
medium  ܭand the pressure gradient ܣ. It is true physically also because the increase in these parameters
results into velocity increase which consequently leads to the enhancement of shear stress. However, the
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increase in viscoelastic parameterߛ, Hartmann number ܯǡ Prandtl number ܲ , the radiation parameter ܰand
heat sourceܵ represented by curves II, V, VII, VIII and IX when compared with curve I attribute towards the
decrease in the amplitude of the skin-friction.

Fig. 3. Amplitude Of Skin Friction

Fig.4. Phase of Skin Friction
The behavior of the phase angle ɔ of the skin-friction ߬ is shown in Figure 4 for different values of various sets
of flow parameters. From this figure it is evident that there is always a phase lead because its values computed
numerically remain positive throughout for any set of values of the flow parameters. There is almost an
exponential increase of ߮with increasing frequency ߱ for all sets of values considered. We notice by
comparing curves II, III, IV, VI, VII and VIII with curve I that the phase angle increases with increasing
viscoelastic parameter ߛ, injection/suction parameter ߣǡ Grashof number ݎܩ, permeability of the porous
medium ܭ, Prandtl number ܲ and radiation parameter ܰ. However, the phase lead decreases with the increase
of Hartmann numberܯ, heat source ܵand pressure gradient  ܣas is indicated by the comparison of curves V,
IX and X with curve I.
The variation of the temperature with the injection/suction parameter ߣǡ Prandtl number ܲ , radiation
parameter ܰ, heat source ܵand the frequency of oscillations ߱ are shown in Fig.5. It is observed from this
figure that the temperature decreases with the increase of either of these parameters.
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Fig. 5. Temperature Profiles for Z=0.5 and T=Π/2
The amplitude ȁܪȁ and the phase angle of the rate of heat transfer against the frequency of oscillations ߱ are
illustrated in Fig. 6 and Fig.7 respectively. It is evident from Fig. 6 that the amplitude ȁܪȁ decreases with the
increase of injection/suction parameter ߣǡ Prandtl number ܲ , the radiation parameterܰ and heat source ܵ.
The amplitude in the case of water (ܲ =7) decreases rapidly with increasing ω and becomes negligible for large
values frequency of oscillations ω. Fig.7 shows that there always remains a phase lead with the increase of
injection/suction parameter λ, the radiation parameter N and heat source S and this phase lead increases
linearly as ω goes on increasing. It is also notice from this figure that with the increase of Prandtl number ܲ
the phase starts oscillating between the phase lead and the phase lag as the frequency ߱ increases. Fig.8 gives a
clear cut picture of various parameters like λ, ܰ and ܵ are also begin to oscillate between the phase lead and
the phase lag as the frequency ߱ increases.

Fig. 6. Amplitude of Nusselt Number
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Fig. 7. Phase Angle of Nusselt Number
Conclusions: The following conclusions are made from the above discussion:
·
The increase of buoyancy force leads to increase of the velocity ݑሺݕǡ ݖǡ ݐሻǤ
·
The increase of velocity with the increase of permeability of the porous medium indicates that the
resistance posed by the porous medium reduces as the permeability of the medium increases because of
which the velocity increases.
·
The velocity also increases with the increase of injection/suction parameter ߣ and favorable pressure
gradient ܣ.
·
The flow retards as the fluid viscoelasticity increases.
·
Lorentz force which is introduced due to the application of the transverse magnetic field retards the
velocity.
·
The increase of Prandtl number, radiation ܰ and the frequency߱leads to a decrease in velocity.
·
The temperature decreases with the increase of either of the parameters involved.
·
The amplitude of skin friction increases due to the increase of all those parameters because of which flow
accelerates.
·
It is true physically also because the increase in these parameters results into velocity increase which
consequently leads to the enhancement of shear stress.
·
However, the increase in Hartmann number ܯ, Prandtl number ܲ or the radiation parameter ܰ, attribute
towards the decrease in the amplitude of the skin-friction.
·
There is always a phase lead of the skin friction.
·
The amplitude of rate of heat transfer reduces due to the increase of all parameters involved.
·
For increasing ߣǡ ܰ and ܵ there is always a phase lead of rate of heat transfer and remains linear over the
values of ω considered.
·
However, for increasing Prandtl number phase starts oscillating between the phase lead and the phase lag
as the frequency ω increases.
Nomenclature:
A
-Constant
B0
-Uniform Magnetic Field
Cp
-Specific Heat At Constant Pressure
D
-Distance Between Plates
ȁܨȁ
-Amplitude Of Skin-Friction
G
-Acceleration Due To Gravity
ݎܩ
-Grashof Number
ȁܪȁ
-Amplitude Of Rate Of Heat Transfer
݇
-Thermal Conductivity
݇כ
- The Mean Absorption Coefficient
ܭ
-Porous Medium Permeability

M
ܰ
ܲכ
ܲݎ
ܳכ
כݍ
ܵ
ݐ
ܶכ
ܶଵ ǡ ܶଶ
כݑ

-Hartmann Number
-Radiation Parameter
-Pressure
-Prandtl Number
-Heat Absorption Coefficient
-Radiative Heat Flux
-Heat Source Parameter
-Time
-Fluid Temperature
-Constant Temperatures
*
-Fluid Velocity In X -Direction
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ܸ
-Injection/Suction Velocity
ݑǡ ݒǡ  ݓ-Velocity Components Along ܺǡ ܻǡܼ-Axis
ݔǡ ݕǡ  ݖ-Variables Along ܺǡ ܻǡ ܼ െDirections
Greek Symbols:
ߚ
-Coefficient Of Thermal Expansion
ߪ כ
-Stefan Boltzmann Constant
ߪ
-Electrical Conductivity
ߩ
-Fluid Density
Μ
-Viscosity

ߴଵ
-Kinematic Coefficient Of Viscosity
ߴଶ
-Viscoelasticity
߱
-Frequency Of Oscillations
߮
-Phase Angle Of Skin-Friction
߰
-Phase Angle Of Heat Transfer
߬
-Skin-Friction At The Left Wall
ߠ
-Mean Non-Dimensional Temperature
Superscripts:
*
-Superscript For Dimensional Quantities
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