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Abstract. In this research article, we will find the velocity for time de-
pendent pressure gradient which may increases, decreases or pulsate with
respect to time. The MHD flow of a Burgers’ fluid with porous medium
in circular channel is take into account for the study. We derived the gov-
erning equation for the analytical solutions of this problem. The solution
for the velocity field are give in the form of Bessel and modified Bessel
function of zero order by using the modified Darcy’s law and the resis-
tance of the porous medium. The behaviour of other physical, magnetic
and permeability parameters is observed by assuming constant value of
pressure gradient. The graphical depict and possible special cases are also
discussed.
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1. INTRODUCTION

The Magnetohydrodynamics(MHD) is the combination of two major fields i.e. fluid
mechanics and electrodynamics. The MHD flow has considerable interest in different field
of sciences. In 19" centaury it becomes more important for the researchers because of the
fabrication of electromagnetic pump by Hartman [16] use to make the connection between
jet-wave therapeutic. In electromagnetic pump “Lorentz force” arises while shifting be-
tween the AC current into the magnetic field varying with respect to time.
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The feasible application of MHD flow is that its allow to convert the heat into electronic
energy for which MHD power generator is used. The MHD flow has wide application
in form of rotating cylinders in the field of physical sciences such as astrophysics and
geophysics. Hayat et al. [17] considered the two problems of an Oldroyd-B fluid model
over an infinite oscillating plate in the presence of conducting heat and electricity when
the whole system is rotating normal to the oscillatory plate. The modified Darcy’s law is
used to find out the behaviour of oscillatory flow of Burger’s fluid in porous medium by
Hayat et al. [18] and Khan et al. [20]. The limiting cases and effect of physical parameter
by graphical illustrations are also discussed. Ellahi [9] derived the analytical solution for
velocity field, temperature and nano concentration with the help of dimensionless technique
and Homotopy analysis method (HAM). He took the viscosity model for MHD flow of nano
fluid in pipe depending on two different temperature i.e. temperature of pipe is greater than
temperature of pipe. The MHD flow of third grade fluid with variable viscosity is used to
obtained the analytical solution of velocity and temperature by Riaz et al. [10]. Again the
Homotopy analysis method (HAM) is used for this purpose and the impact of parameters
shown by graphs. Haq [15] analyzed the MHD squeezed nano fluid flowing over a sensor
surface. They embedded the three different type of nano particles in the base fluid and
concluded that the water fractionalized copper nano particle provides better heat convection
than other mixtures, under consideration, through numerical simulation.

Safdar et al. [27] derived the expressions for velocity and stress for unsteady flow of
incompressible Burgers’ fluid in rotating circular domain with fractional derivatives. The
finite Laplace and Hankel transformations with generalized Lorenzo Hartley function are
used for this purpose. Park [23] considered the circular cylinder with partially porous wall
to find out the wave forces and run up wave along with wave conditions that all depending
on the hydrodynamic property. Darcy’s resistance law is used to depict the porosity on the
surface. To analyze the hydrodynamic control, they divided the surface into three different
portions and used eigenvalue expansion method for results. Awan et al. [4] discussed about
the chemical reaction of incompressible fluid over an infinite vertical plate with oscillation.
They found the expression for velocity depending upon temperature and also discussed
the behaviour of different physical parameters in results. Pop [24] wrote a report on the
flow passing through a circular cylinder and saturated in a porous medium with Brinkman
model. They find out the exact solution from governing equations leading to the result of
velocity behaviour. The importance of circular domain in MHD flow, MHD flow in curved
channel and accelerated periodic body can be seen in [12, 11, 31, 32]. Furthermore, the
interested reader can consult the references [1, 2, 3,5, 6,7, 8, 13, 19, 21, 25, 26, 28, 29, 30].

In medical sciences the pulsating flow going through the arteries has great importance
therefore it attracted the researcher towards them for a log time. In normal conditions
the working of heart is to circulate blood in arteries through its natural pumping system
due to this pressure gradient arises in arteries. These results motivated us to work on
the analytical solution of velocity filed for MHD flow of Buergers’ fluid passing through
the porous medium under the influence of pressure gradient including pulsating case. A
circular magnetic field is applied perpendicular to the flow direction. The obtained velocity
profile is used to predict the behaviour of different physical parameters and it concluded
that the velocity and permeability parameter of porous medium has direct relation where as
magnetic parameter behaved inversely to the velocity. Also, the frequency parameter have
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oscillatory behaviour with respect to time and other physical parameters. The obtained
results are appreciably influenced on these parameters so discussion of their behaviour is
more important in the problem.

2. NOTATIONS AND PRELIMINARIES

p density
v velocity
T extra stress tensor
D pressure
R Darcy’s resistance
J current density
B magnetic field
JxB Lorentz force due to magnetic field
I dynamic viscosity
A1, Ao relaxation parameters
A3 retardation parameter

3. FORMULATION OF BASIC EQUATIONS

The linear momentum equation and equation of continuity for porous medium of in-
compressible fluid and unsteady flow are,

p<g:+v.Vv>——Vp+V.T+J><B+R, 3.1

V.v=0. (3.2)

Wi(r.1) B Porous medium

[q{[\/\(/\

.

o

Pressure gradient

I

FIGURE 1. Geometry of the problem
We are dealing with Burgers’ fluid model of viscoelastic fluids. The properties of Burg-

ers’ fluid can be specified by following constants y, A1, A2 and A3. The constitutive equa-
tion of extra stress tensor T for Burgers’ fluid in the absence of hydrostatic pressure is as

follow
A A A
T+(M+XT)T=(A+A3A)u, (3.3)
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A A
A denotes the rate of deformation tensor and A, T are upper convected derivative of defor-
mation and extra stress tensor, defined as

A O .

T = I + (v.v)T — LT — (LT) (3. 4)

where L and A can be defined as;
L=vyv , A=(L+L"), (3.5)

T denotes the matrix transposition.
So equation (3.3) becomes

T + <>\1 + o @f + (v.v)T —LT — (LT)T)>> @1 + (v.7)T — LT — (LT)T))

0A
= {Ag <8t + (v.\7)A — LA — (LA)T)) + A} 1.
3. 6)
For A1 = Ay = A3 = 0 the equation (3.6) reduced to viscous Newtonian fluid , Ao =

A3 = 0 leads to Maxwell fluid and for Oldroyd-B fluid substitute Ay = 0; 0 < A3 < Ap in
equation (3.6).

The Lorentz force in terms of magnetic field defined as
J x B = —0B?, (3.7

where B, is the magnetic field and o is the electric conductivity.

The Darcy’s resistance law convinced the consequent relation for Burgers’ fluid

o\ 0\, —ud 9

where ¢ is the constant of porosity and & denotes the permeability of the porous medium.
For this problem we assume that

v=10,0,w(r,t)] , B=10,B,,0] 3.9)

and
Trr  Tro  Trz
R=1[0,0,R.] , T=| 700 790 7oz |- (3. 10)
Tzr  T20 Tzz
The continuity equation for velocity given in equation (3.9) will be definitely satisfied.
Now, the equation (3.7) and (3.8) implies that

JxB=10,0,-0B2w], (3. 11)
g\ 0 — o 0
1 M+ )= |Ri=—(14+A= |w. 3.12
(+(1+ 28t>8t> ’ (+ 38t>w (3. 12)
Therefore the equation (3.1) in component form can be written as
O 1. 0, 3. 13)
or T
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oty 1 0 0
S+ 1 = oL —oBju+ R = pr. (3. 14)

Also, the equation (3.6) resolved into components as

2
Trr + (Al + /\28) (aTTT - 2811}77'2) = _ZMAS (aw> ) (3 15)

ot ot or or
0 01,9 Ow B
Tro + (Al + )\28t> ( 815 — a’rng) = O7 (3 16)
0 or., Ow ow 0w
Trz + ()\1 + Agat) ( 8t — 87"7-22) =M (87‘ + )\38’1"8t> . (3 17)

0 0
Tog + ()\1 + )\26t> (Tia =0, (3. 18)

8\ (7o,
Tos + (/\1 +/\2(,%> < ;‘; ) — 0, (3. 19)

0 0T,
T2z + <A1 + )\28t> < 8t

As we observed, by solving the equation (3.13) gives

=0. (3. 20)

where f(t) is an arbitrary function of time. Where as solving equations (3.16), (3.18),
(3.19) and (3.20) gives output

—g(r)(1 + Ar)e’
A2 ’

Tro) = T = Tz = Tzz —

here g is arbitrary function with respect to radius of cylinder “r”’. It can be notice that these
stress tensor components are showing negative behaviour while; r, ¢, A1, Ao > 0. So, the
reduced system of equations is as follows:

67—7'z 1 ap 2 _ aw
W—"_;TTZ_E_O-BOw—FRZ_pE’ (3.21)

0\ 07, ow 0w
- = = |— —. .22
T +</\1+A28t) B “[ar +>\38T8t] (3.22)

4. FORMULATION OF THE PROBLEM

Here, we study the electrically conducting Burgers’ fluid flowing through the circular
cylindrical domain with porous medium. We consider that the radius of the cylinder is
R and we are taking the flow in the Z-direction only where magnetic field is applied per-
pendicular to z-axis. We also assuming that the motion is due to pressure gradient. By
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neglecting the induced magnetic field and eliminating the 7,., in equation (3.21) and (3.22),

0 ow W 0 w 10w
<1+ ()\14‘)\2&)) E_; (14‘)\3({%) <8ﬂ+rm)
oB2 a\ 0 1 o\ 0
#22 (1 (engg) ) (1 (wrngg) 3)

-1 o\ 0\ Op
= 7 (1 + ()\1 -‘r)\zat) at) 2 4. 23)

Using equation (3.12) into equation (4.23)

3] ow p 3] Pw 10w
(” (A1+)\28t>) % o (1+>\38t> <arz+rar>
o B2 o\ o0 [ 9
+7p (1+ (/\1+>\28t> 6t>w+pk‘ 1+>\3§ w

-1 o\ 0\ Op
= 1 Mtr=— | =)= 4.24
2 (1 () ) 22 0.2
and appropriate boundary conditions are
ow(0,1)
R,t)=0 =0. 4.25
wR ) =0 , — (4. 25)
We defined the following dimensionless variables
U SR S -
TﬁR , t—pRQ , w<ApR2)w,
2
oA o P o pAs
_ AP =(£Z_) A d =2 4. 26
)\l pR2 ) )\2 (pR2> 2 an )\3 pR27 ( )

putting equation (4.26) into governing equation (3.2) and boundary conditions. For the
sake of simplicity we drop the sign ” = ” here

0\ 0 ow 0 w 10w

1 0 J\ 0
— ([ 1+ A3= =1 AMt+A— | = t 4.27
+K<+ 36t>w <+<1+ 28t>8t)w()’ ( )
where R )
oBgR 1 YR —L Op
M= = =— t) = —— 4.28
also, the boundary conditions becomes as
w(l,t)=0 and 8“’50’ b _o. (4. 29)
T

In equation (4.28) co-efficient M is the magnetic parameter and K is the permeability pa-
rameter. When M = 0, magnetic forces are absent there. When M increases the magnetic
forces increases. Similarly, for K = 0 we have solid cylinder and for K’ — oo we get hol-
low cylinder. Equation (4.27) has different behaviour with respect to the types of pressure
gradient and boundary conditions.
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5. SOLUTION OF THE PROBLEM

Case 1: Increasing pressure gradient:-
Let

W(t) = Poe (5. 30)
and
w(r,t) = F(r)e™. (5.31)

In equation (5.30) and (5.31) P, and « are constants. Equation (4.27) in terms of equation
(5.30) and (5.31) is

(1 + (/\1 + &i) gt) <6F(§t)eat + MF(r)eat>

B <1 N A35) <a2F(r)eat N 1aF(r)eat) L1 (1 +)\30> Fr)ect

ot or? r  Or K ot

_ g\ 0 ot
= (1 + <>\1 + /\gat) 8t> Poe*. (5.32)

After solving (5.32) we get the following differential equation

7 1 ’ (Q+M)(1+Oé(>\1+05)\2)) ]. 7(14’0&()\14’0[)\2))]30
F -F (r)— —| F(r) =
(4 E () [ (1+ ars) x| Ttar)
(5.33)
and boundary conditions are
F(1)=F (0)=0. (5. 34)
Therefore
(14 a(A + aXq))Po { Io(ﬂr)}
F(r)= — . (5.3%5
(r) (14 aX3)p? Iy(B)
In above equation I (.) represents the zero order modified Bessel function and
(a+ M)(1+a(Ad +aXg)) 1
= —. 5.36
So the velocity field is given by
(14 a(M +arg))Po { 10(57")} ¢
w(r,t) = 1-— @ (5.37)
S s W 1o(5)
Case 2: Decreasing pressure gradient:-
In this case, let
P(t) = Poe™ ! (5. 38)

and also assume that
w(r,t) = G(r)e” . (5.39)
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In equation (5.38) and (5.39) P, and « are constants. Equation (4.27) in terms of equation
(5.38) and (5.39) is

<1 + (Al + A28> 0 ) (W + MG(r)e_“t)

at) ot ot
3} 0?G(rye=t  10G(r)e !
(o) (PO 1t
1 8 —at __ a a —at
Equation (5.40) gives
” 1 , (Oé—M)(l—Oé()\l —Oé/\z)) i
G (7")+TG (r) { 1 —ory) % G(r
_ (1 — Oé()\l — Oé)\g))P()
= (1= arg) , (5.41)
with boundary conditions
G(1) =G (0) = 0. (5. 42)
Therefore
—(1 - Oé()\l — Of)\Q))PO l: Jo(ﬂl’r’):|
G(r) = - , 5.43
) (1 —als)Bt Jo(b1) G4
where Jy(.) is the zero order modified Bessel function and
- (Oé—M)(l—Oé()\l—Oé)\g)) _i
b1 = \/ 1= ) e (5. 44)
So the associated velocity field is
—(I—a(M —ar)) P [ Jo(ﬁﬂ’)} —at
t) = 1-— 5.45
win?) (1—aX3)B? Jo(Br) -4

Case 3: Pulsating pressure gradient:-

We calculate the periodic pressure gradient due to cosine pulses in order to solve Eq. (4.27)
subject to the boundary condition (4.29), we assume that the function 1/ (¢) has oscillation
with frequency w and amplitude F i.e.

Y(t) = Pycoswt = R(Pye'"). (5. 46)

For this let the velocity function is of the form;
w(r,t) = R(H(r)e"?), (5. 47)

boundary conditions /
H(l)=H (0) =0. (5. 48)

By putting (5.46), (5.47) into equation (4.27) and using (5.48),

14 w(A1 + wia)) Py {1 _ —70(527‘)}
(14 w3)33 Io(B2) |’

H(r) = ( (5. 49)
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where
B (w+ M)1 4+ w(A +wr2)) 1
Hence the velocity field is
o (]. + LCU(/\l + Lw)\g))PO _ IO(/BQT') Lwt
w(r,t) =R < 1+ 1) 2 {1 To(B2) } e ) (5.51)

6. RESULTS AND DISCUSSIONS

The analytical solution of unsteady MHD flow of Burgers’ fluid for velocity field is
available in this research work. We assumed that the Burgers’ fluid is passing through
the circular domain which have porous walls. For different values of physical parameters,
we calculated the velocity profile having variations with respect to r and ¢ in Eqs. (37),
(45) and (51). These variations can be seen from Figs. 2 to 19 for By = 1 and for fixed
values of parameters Aj, s, A3, M, K, o and w. The effects of relaxation parameters \;

-1 =035 0 0.5 1
r

|—L1=3 .-u1=4—tu1=5—}u1=ﬂ|

(@) ®

FIGURE 2. Velocity profile of increasing pressure gradient for different
values of A1 and fixed values fort =3, Ao =2, A3 =1,M = 0.5, K =
10and a = 0.1

is illustrated in Figs. 2, 8 and 14. We observed that the velocity is increasing with respect
to A; in case(1) (Increasing pressure gradient) and case(2) (Decreasing pressure gradient)
where as velocity is decreasing with respect to A; in case(3) (Periodic pressure gradient).
Similarly for non-Newtonian parameter Ay, the velocity increases in case(1) and case(2)
but decreases in case(3) as shown in Figs. 3,9 and 15 for fix values of A1, A3, M, K, o and
w.

The influence of retardation parameters A3 is presented in Figs. 4,10 and 16. The velocity
field decreases in case(1), (2) and it increases in case(3) for fixed values of A\, Ao, M, K, «
and w.
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FIGURE 3. Velocity profile of increasing pressure gradient for different
values of A5 and fixed values fort = 3, A\ =3, A3 =4, M = 0.5, K =
10and a = 0.2
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FIGURE 4. Velocity profile of increasing pressure gradient for different
values of A3 and fixed values fort = 3, A\ =3, Ao =2, M = 0.5, K =
10and a = 0.2
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FIGURE 5. Velocity profile of increasing pressure gradient for different
values of M and fixed values fort = 24, A1 =3, Ao =2, A3 =1, K =
10and o = 0.1
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FIGURE 6. Velocity profile of increasing pressure gradient for different
values of K and fixed values fort =3, A\ =3, Ao =2, A3 =02, M =
0.5and @ = 0.1

FIGURE 7. Velocity profile of increasing pressure gradient for different
values of o and fixed values fort = 0.7, A\1 =3, A2 =2, A3 =0.1, M =
0.5and K =10
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FIGURE 8. Velocity profile of decreasing pressure gradient for different
values of \; and fixed values fort = 24, Ao =2, A3 =4, M = 0.5, K =

10 and o

=0.1
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FIGURE 9. Velocity profile of decreasing pressure gradient for differ-
ent values of Ay and fixed values for t = 1,A\; = 3.3, 3 = 2, M =
0.5,K =10anda =24
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FIGURE 10. Velocity profile of decreasing pressure gradient for differ-
ent values of A3 and fixed values fort = 3, A\ = 3, Ay = 2, M =
0.5,K =10and o = 0.2
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FIGURE 11. Velocity profile of decreasing pressure gradient for differ-
ent values of M and fixed values for ¢t = 24, A1 = 3, s = 2, A3 =
1,K=10and o« = 0.1



MHD Flow of Burgers’ Fluid under the Effect of Pressure Gradient Through a Porous Material Pipe

T
\\‘,ﬁmﬂ%ftzﬁm

i

N\
L\ [
/

7

m
g
i 54’,””:/5”

FIGURE 12. Velocity profile of decreasing pressure gradient for differ-
ent values of K and fixed values for t = 24, A1 = 3,2 = 2,3 =
0.2,M =0.5and o = 0.1
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FIGURE 13. Velocity profile of decreasing pressure gradient for differ-
ent values of « and fixed values for t = 0.1, A1 = 3.3, A2 = 2, A3 =
2, M =05and K =10
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FIGURE 14. Velocity profile of pulsating pressure gradient for different
values of \; and fixed values for ¢t = 1/4, Ay = 0.15,\3 = 0.25, M =
05,K=8andw=m
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FIGURE 15. Velocity profile of pulsating pressure gradient for different
values of Ay and fixed values for ¢t = 1/4,\; = 0.15,\3 = 0.25, M =
05,K=8andw=m
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FIGURE 16. Velocity profile of pulsating pressure gradient for different
values of A3 and fixed values for t = 1/4,A\; = 3.5, Ay = 1.6, M =
05,K=8andw=m
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FIGURE 17. Velocity profile of pulsating pressure gradient for different
values of M and fixed values for ¢t = 1/4,A\; = 3.3, Ay = 0.15,\5 =
02, K=8andw=m
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FIGURE 18. Velocity profile of pulsating pressure gradient for different
values of K and fixed values for ¢t = 1/4,A; = 3.3,X2 = 0.15,\3 =
02, M =0b5andw =7

FIGURE 19. Velocity profile of pulsating pressure gradient for different
values of wt and fixed values for \; = 3.3, A2 = 0.15,\3 = 0.2, M =
0.5and K =8

We display the influence of magnetic parameter M on velocity field in Figs. 5,11 and 17
for fixed values of other parameters. It can be noticed that the velocity profile is decreasing
in case(1) and (2) while it is increasing in case(3). Which shows that the magnetic force and
effect of porous medium is inversely proportional to velocity. The permeability parameter
K has direct proportion with velocity for fixed value of other parameters as shown in Figs.
6,12 and 18.

For the known constant a velocity profile is given in Figs. 7 and 13. The velocity
filed has directly proportional behaviour with respect to this constant for fixed values of
A1, A2, A3, M and K. In Fig. 19, velocity showing the oscillatory behaviour with respect
to the oscillation parameter w for fixed values of A1, Ao, A3, M and K.

Finally, the illustration of non-Newtonian parameters i.e. relaxation parameters A1, Ao and
retardation parameters A3 is given in Figs. 20 and 21. These figures showing that we have
more retardation factor in our porous cylindrical domain than the relaxation factor.
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FIGURE 20. Comparison velocity profile of increasing pressure gradient
for different values of A1, Ao, A3 respectively and taking fixed values as
A1 =05,2=05Xx3=05M=05K=10and o« = 0.3
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FIGURE 21. Comparison velocity profile of decreasing pressure gradi-
ent for different values of A1, A2, A3 respectively and taking fixed values
as A1 = 0.5, =05, 3 =0.5,M =0.5,K =10and o = 0.3

7. CONCLUSION

We have following concluding remarks:

(1) : The behaviour of solution is depending on (3, where 5 = \/ aiM)gig(A):)iMZ)) = 1

In this formula the positive sign leads to increasing pressure gradient(case(1)) and negative
sign leads to decreasing pressure gradient (case(2)).

(2) : As solution is depending upon the parameter 5 where as (3 is depending on parame-
ters A1, Aa, Az, M, K and o. So these physical parameters are also important for solution.
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(3) : When M = 0 and 1/K — 0, we have the same solution for MHD Burgers’ fluid

with g = | /elzalutare))

(4) : For A\ = 0 we have coincide results for MHD Oldroyd-B fluid as given in Eq.
(33), (40) and (47) in [14].

(5) : For Ay = 0 and A3 = 0, the resulting solution will be for MHD Maxwell fluid [14].
Which showing the consistency in results.
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