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ARTICLEINFO ABSTRACT

The aim of this research is to study the effect of temperature and concentration on
oscillatory flow under the influence of magneto hydrodynamic (MHD) of a non-Newtonian
hyperbolic fluid in a horizontal permeable channel. The problem formulation is non-linear
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on the movement of the fluid, its temperature, and concentration.

Keywords: Tangential hyperbolic
fluid, temperature, concentration
fluid, MHD, oscillatory flow and
porous channel.

MSC..
Each keyword to start on a new line

https://doi.org/ 10.29304/jqcsm.2024.16.21549
1. Introduction

In industrial and physiological processes, the non-Newtonian fluids are acknowledged more than viscous fluids.
There are several types of non-Newtonian substances that can be seen in nature such like shampoo, paints, ketchup
and blood, the tangent hyperbolic fluid model (which is a non-Newtonian fluid). Presented by Sushila. et al [4]. A
study on a non-Newtonian tangential hyperbolic fluid with heat transfer through the availability of a heat source
with a permeable channel. The governing flow related to non-Newtonian fluids is very complex and its behavior in
permeable media varies depending on the model used. Includes blood circulation through the movement of blood,
the passage of food, and urination through and urinary tract. The study of Usman et al [7]. Unsteady flow and heat
transfer of hyperbolic tangent fluid in the presence of magnetohydrodynamics on an extended plate. In this article,
Zehra et al. [8]. presented the analysis of Poiseuille and Couette flows subject to the tangent hyperbolic fluid model
through a porous medium. Kareem et al [2]. presented a study on how heat transfer affects the hydrodynamically
oscillating flow of a magnet fluid through a porous material under the influence of temperature and concentration.
The perturbation technique is a class of analytical methods for finding approximate solutions to nonlinear equations
for which an exact solution cannot be obtained. The solution is expressed as a power series in a small parameter, the
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first term being the known solution to the solvable problem s Successive terms in the series at higher powers usually
become smaller. The series is cut and only the first two chapters are kept, and the known problem is solved and the
first-degree disorder is corrected.[3]. The most important subject in fluid kinematics through a channel is the
magnetic field which is generated from an electric current. It has encouraged other researchers to write about its
uses in a variety of science, including the natural and health science, what happens inside stars during their life cycle
and what happens inside the sun, such as the rotation of sunspots, are all applications of electrically directed fluid
flow [5]. Singhj [6]. presented a study showing the effect of heat transfer on the magnetohydrodynamic oscillatory
flow through a porous medium under the influence of temperature and concentration between parallel plates.
Kareem et al [1]. presented study on the effect of electrical conductivity on oscillatory flow through porous
channels, in addition to a study of the effect of fluid flow on its temperature. These studies inspire us to present a
mathematical model to analyze the effect of temperature and the concentration on the MHD oscillatory flow of a
tangent hyperbolic fluid through a uniform permeable channel. To solve the problem, we used the perturbation
technique. The effect of the parameters is analyzed and discussed through graphs of velocity, temperature and
concentration.

2. Mathematical Formulation

Adopted the effect of a simple electric current on a fluid stream through a horizontal channel with small holes
in its wall magnetic field to build a mathematical model that controls the oscillating flow of a tangent hyperbolic
fluid. The channel has a width of 2k, and the upper channel wall is affected by a temperature of T, so the fluid
concentration is C; while the lower channel wall temperature is T, and the fluid concentration is C,. We adopted
Cartesian coordinates to study the mathematical model, where x represents the horizontal axis and the vertical
axis is y and represents the flow field (u(y, t), 0,0), which achieves the continuity equation:
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Figure 1: Channel format from [1].

3. Basic Equations:

The basic equations of the system, including the continuity, momentum, temperature and concentration
equation, are as: [2]

the continuity equation:

v | ou

SHi=0 ()
Momentum equation are:

In the x - direction:

ap | 3Szy

52t o+ PgBr(T = To) + pghc(C — C) — oBfu -5 (2)
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In the y - direction:

v _9v  _0ov ap , 9Syx _ c -
p(—’f+u—v+v—;)=—6—;+6—;—033v—%v+pgﬁT(T—TO)+pgﬁC(C—C1).

The temperature equation is given by:
crp(V.V)T = Ky V2T + Qu(T — Ty) — VQ. (3)

The concentration equation is given by:

DKy

(V.V)C = DV?C - K7 (C— Co) +—* |72T 4)

where V = (u(y, t),0,0) "velocity field", T(y, t) "fluid temperature", C(y,t) is a fluid concentration, , S "extra
stress tensor" p " pressure”, u. "constant viscosity", p "fluid density", B, "the field of magnetic strength”, k
"permeability”, c "specific heat at constant pressure”, Ky "thermal conductivity”, Q "radioactive heat flux",
Qp "heat generation" ,D "coefficient of mass diffusivity", K,> "chemical reaction coefficient", Ky "thermal
diffusion ratio" and T, "the mean fluid temperature”. The conditions for the upper and lower channel walls are
given below:

T=T,C=C aty=h, and T=Ty,C=Cyat y=—h

The radioactive heat flux [2] is given by:

VO =4n%(Ty—T) .

The fundamental equation for the tangent hyperbolic fluid is [7]:

S = [ftoo + (e + Hoo)tanh(Ty)"]y,

1 .o _ — _
V= Jzzizjyijyji, ¥ =VV+ @7,

where Y = (u, v, w) "the velocity field in Cartesian coordinates system (x,y,z)", VV "the gradient of velocity",
and (VV)T "the transpose of the velocity gradient".

The stress components are given by:

Sty = Syx = He [(1 —n) Z—Z +nl’ (a—?)z] (5)
4.Method of Solution:

In order to simplify the governing equations of the problem, we might introduce the following
dimensionless transformations as follow [1], [2]:

x y T v U ph oBZh? crphU 1\
XxX==,y==,u=—,v=—,t =— :—AT:T—T M = Pe =

hry h; U; U; h;p 1 0 ¢ ) KT i
_T-T, _ h & _c Co _ phu _rU _k _un
=— 'Sy USW'AC C,—0Cy @ v ,Re = - ,We = Fh ,Da—h2 ,Se = > } (6)

4n2h2 h? h2(AC h2(AT hK; DKy (T T, |
N= [ E = QH .G, _ PgBch’( )’Gr:pgﬁr ( ).Kr=_r.5r= H(T1—To) )
Kt Kt ucU ucU TmUh(C1-C3)
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where U "mean flow velocity", Re" Reynolds number”, Da "Darcy number", M "magnetic parameter”, Pe"Peclet
number”, N "radiation parameter”, We "Weissenberg number”, E"the het generation parameter, G.is solutal
Grashof number, G, is a Grashof number, K, "the Chemical reaction parameter”, S."the Schmidt number", and
S, "Soret number".

Substituting equation (6) into equation (1) — (5), we will obtain:

p _ _ , 0u _ 2%u Ou 9%u _ 2, 1
T = —ReZi+(1-n)T5+2nWe T2 T8+ G0 +G.® (m? + L), @)
99 _ 9°6 | (N2
ot ay? + (N* + E)O, (8)
9 _12°0 ppig 228 9)
at  S;0y? r T gy2’

Dimensionless boundary conditions for the temperature equation and concentration equation.
u=060=9o=1 at y=1
u=0=9o=0 at y=-1
5. Solution of the Problem:
In this part, the temperature equation and concentration equation are solved, and then the momentum equation.
5.1 Solution of the temperature equation
To solve the temperature equation (8) for the following boundary conditions (1) = 1,6(—1) = 0.
Let O(y, t) = B,e'“t and by substituting into equation (8), after simplifying the result, we obtain:

826,
ay?

+ (N2 +E —iwPe)f, = 0. (10)
Therefore, the temperature function is:
0(y,t) = ((%e‘it“’Sec[\/Z])Cos[\/Zy] + (%e‘”“’Csc[x/Z])Sin[x/Zy]) etwt, (12)

5.2 Solution of the concentration equation

To solve the heat equation (9) for the following boundary conditions @(1) = 1,®(—1) = 0.

Let @(y,t) = dye't and by substituting into equation (9), after simplifying the result, we obtain:

220 . 26
ayzo - S.(K, +iw)®, = =SS, ?20.

(12)
Therefore, the concentration equation is:

eVB-it® (44 B14S,S;)
(A+B)(~1+e*VB)

e3VB=l® (44 B145,S,)
(A+B)(~1+e*VB)

d(y,t) = plwt (e\/Ey(
(13)

)+ o~VBY (— Ae_it‘"Csc[Z\/Z]Sin[\/Z(1+y)]scsr)'

A+B

)_

5.3 Solution of the momentum equation

To solve the momentum equation with the following boundary conditions,
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u=0at y=h, andu=0at y =—h. from equation (7) Therefore, dimensionless boundary conditions
are:u(1) = u(—=1) = 0, hence let

_0 _ 4wt
P Jeier, (14)
u(y, t) = uy(y)et®t, (15)

where w "be an oscillation of frequency" and 4 "real constant”.

By substituting equation (14)-(15) by equation (7), we have

%y, iw Re"'Mz"‘D_la _2n iwt OUo 0%ug _ A+Gr0o+GcPo
ay? ( n-1 Uo n-1 Wee dy 0y? - n-1 ' (16)
with boundary condition uy (1) = ug(—1) =0 (17

Equation (16) we obtained a non-linear differential equation and it is difficult to find the exact solution to it, so
we resorted to using the perturbation technique to find a solution to the equation, as follows:

Uy = Upo + Weu01 + O(Wez) (18)

Now, by substituting equation (18) in equation (16), With boundary condition u,(1) = uy(—1) = 0, we obtain
the following results presented in the forthcoming subsections:

I - Zeros-order system (we?)

. 1
9210, iw Re+M2+E = A+GrOy+G.Dg (19)
dy? n-1 00 = n-1 '

The associated boundary conditions uy(1) = uge(—1) =0

II — First- order system (we?)

. 2, 1
aZu01 ilw Re+M +Da u _ 2n ot Ao 32”00 (20)
dy? n-1 01~ dy ody?’

The associated boundary conditions g, (1) = ug(—1) =0

By substituting the solution of equations (19) and (20) into equations (18), we obtain:

u(y,t) =
itw F _ FSec[vD] et®F2nCsc[yD]Sec[vD]2Sin[2VD]\ . _ elt®F2nSec[yD]2Sin[2vDY]
€ (D D Cos[VDy] + We(( 3D3/2(-14n) )Sin[VDy] 3D3/2(-14n) )
(21)
] . iw Re+M2+—
where B = Sc(K, + iw), A= (N? + E —iwPe),D = | ————>¢),
and F = (—“GT:i:GC%).

6. Results and Discussion

In this section, we discuss and analyze graphically the temperature and concentration of the MHD oscillatory
flow of a tangent hyperbolic fluid through a bound permeability channel, using the program “Mathematica 13”.
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This section is divided into three subsections: the first discusses the effect of parameters on fluid velocity, the
second analyzes the effect of parameters on temperature, and the third discusses the effect of parameters on
concentration. and all results were graphed in the region —1 <y <1, which is the diameter of the flow
channel.

6.1 Velocity Distribution

The Figures (2)-(17) show the effect of parameters G, Kr,t, G, A Da,Pe,E, Sr,Sc ,We,M,w,N,n and Re
respectively, on the distribution of velocity. Figure (2), shows that u increases in the middle of the channel, but
it decreases near the channel’s walls when increases the parameter G;. Figure (3), demonstrates how the impact
of Kr on velocity profile u diminishes. Figure (4), demonstrates how the impact of (t) on velocity profile u
diminishes. As shown in Figure (5), the velocity profile u increases from the middle of the channel to its upper
channel wall while it decreases at the lower channel wall when the parameter G,, increases. We notice in Figure
(6), The velocity profile u increases as the parameter A rise. As see in Figure (7), The velocity profile u increases
as the parameter Da rises. Figure (8), illustrates that as the parameter Pe are increased, the velocity profile u
decreases in the middle of the channel. Figure (9), shows that u increases in the middle of the channel, but it
decreases near the channel’s walls when increases the parameter E. Figure (10), illustrates that as the parameter
Sr are increased, the velocity profile u decrease. Figure (11) illustrates that as the parameter Sc are increased,
the velocity profile u decrease. As shown in Figure (12). We parameter, it increases the fluid velocity near the
upper channel wall and vice versa at the lower channel wall, where the fluid velocity decreases with the increase
of, W, parameter. We notice in Figure (13), the parameter M are increased, the velocity profile u decrease. Also,
in Figure (14), the velocity profile u decreases in the middle of the channel when the parameter o increases.
Figure (15), shows the increase of the velocity profile in the center of the flow path when the parameter N
increases. The velocity profile in the center of the flow path increases when the parameter (n) increases as
shown in Figure (16). While in Figure (17), we can observe that as R, increases, the velocity profile decreases

05k
0.4
0.3
02185}

0.1 r )

Figure 2: Velacity profile with values numbers Figure 3: Velocity profile with values numbers

Growith w=1,N=1,n=0LR,=1,W,= K, withG; =01 0w=1N=1n=01R, =
0.1,D, = 0.8,M =1.2,G, = 0.1,A = 2,E = 1,W,=01,D,=08M=12G,=011=
0.8,Pe =0.1,K, =0.1,5, = 03,5, =03,i=  2,E=0.8Pe=01S, =03,5, = 0.3,i =

v—=1,t = 0.5. v—=1,t = 0.5.

u

1.0 05 0.0 05 1.0
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Figure 4: Velocity profile with various
coefficients t, with G; = 0.1, w=1,N=1,n=
0.1,R,=1,W,=0.1,D, = 08M = 1.2,G, =
0.1,A=2,E=0.8,Pe=0.1,K, =0.1,S, =
0.3,5, = 0.3,i =+—1.

Figure 6: Velocity profile with various
coefficients AwithG; = 0.1, w =1,N =1,n =
0.1,R, =1,W, =0.1,D, = 0.8,M = 1.2,G, =
0.1,A=2,E=0.8,Pe=0.1,K, =0.1,S, =
0.3,S,=0.3,i =+/—1,t = 0.5.

0.5}
0.4

0.3

Figure 5: Velocity profile with various
coefficients G, with G; = 0.1,w =1,N =
1,n=0.1,R,=1,W,=0.1,D, = 08,M =
1.2,1=2,E = 0.8,Pe = 0.1,K, = 0.1,S, =
0.3,S,=0.3,i =+/~-1,t = 0.5.

10 05 0.0 05 1.0

Figure 7: Velocity profile with various
coefficients D, with G; = 0.1, w =1,N =
1,n=01R,=1,W,=01,M=12,G, =
0.1,A=2,E=0.8,Pe=0.1,K, =0.1,S5, =
03,5, =0.3,i =+/~-1,t = 0.5.

0.5
0.4

0.3F

0.2

0.1

0.0

Figure 8: Velocity profile with various
coefficients Pe with G; = 0.1,w = 1,N =
1,n=0.1,R,=1,W,=0.1,D, = 0.8,M =
12,6, =0.1,1=2,E = 0.8,K, = 0.1,S, =
0.3,5,=0.3,i =v-1,t =0.5.

-0.2-01 0,0 01 0.2
5,=03

5,205

¥

-1.0 -0.5 0.0 0.5 1.0

-1.0 -05 0.0 0.5 1.0

Figure 9: Velocity profile with various
coefficients E, with G; = 0.1, w = 1,N =
1,n=0.1,R,=1,W,=0.1,D, = 0.8,M =
1.2,6.=0.1,1=2,E = 0.8,Pe =0.1,K, =
0.1,S, =0.3,5. = 0.3,i =+/—1,t = 0.5.

-1.0 -0.5 0.0 0.5 1.0
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Figure 10: Velocity profile with various
coefficients S, with G; = 0.1, w =1,N =
1,n=0.1,R,=1,W,=0.1,D, = 0.8,M =
1.2,G,=01,A=2,E =0.8,Pe =0.1,K, =
0.1,S, = 0.3,i =+/—1,t = 0.5.

0.3
3 ).05-0.
0.2F

0.1F

0.0f

-0.5 1.0

Figure 12: Velocity profile with various
coefficients W, with G, = 0.1,w = 1,N =
1,n=0.1,R,=1,D, = 0.8,M = 1.2,G, =
0.1,A=2,E=0.8,Pe=0.1,K, =0.1,S, =
0.3,S,=0.3,i =+/—1,t = 0.5.

Figure 11: Velocity profile with various
coefficients S,., with G; = 0.1,w = 1,N =
1,n=0.1,R,=1,W,=0.1,D, = 08,M =
1.2,G,=01,A=2,E =0.8,Pe =0.1,K, =
0.1,S, = 0.3,i =+/—1,t = 0.5.

Figure 13: Velocity profile with various
coefficients M with G; =0.1,w =1,N =
1,n=0.1,R,=1,W,=0.1,D, = 0.8,G, =
0.1,A=2,E =0.8,Pe =0.1,K,, = 0.1, S,
03,5, =0.3,i =+/—1,t = 0.5.

Figure 14 Velocity profile with different values
w,with G; =01,N=1n=01R, =1 W, =
0.1,D,=08M=1.2,G.,=01,1=2,E =
0.8,Pe = 0.1,K, = 0.1,S, = 0.3,5, = 0.3,i =
V=1,t = 0.5.

Figure 15 Velocity profile with different
values N, with Gy = 0.1,w = 1,n =0.1,R, =
1,W,=0.1,D,=08,M=12,G,=0.1,1 =
2,E=08,Pe=0.1,K.=0.1,5.=03,5,. =
0.3,i =v—1,t = 0.5.

0.5}

0.4}

-0.5 1.0
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Figure 16 Velocity profile with different values n, Figure 17 Velocity profile with different values

with G, =0.L,w=1,N=1,R, =1, W, = R, with G, =01, w=1,N=1,n=
0.1,D, =08M=1.2,G,=01,1=2,E = 0.1,W,=0.1,D,=08M=12,G,=011=
0.8,Pe = 0.1,K, = 0.1,S, = 0.3,5, = 0.3,i = 2,E =0.8,Pe=0.1,K, =0.1,5, = 03,5, =
V=1,t = 0.5. 0.3,i =v—1,t = 0.5.

6.2 Temperature Profile

Figures (18)-( 21) show the effect of parameters w, E, N and Pe on the temperature vs. y. Figure (18),shows that
the temperature decreases when parameter o increases. We can see in Figure (19), that the temperature increases
when the parameter E increase. as seen in Figure (20), The temperature rises as N increases. In Figure 21, we
can observe that as Pe increases, the temperature lowers

10.9

mo=21
w=1.1
. ?:O
¥ ¥
Figurel8: Temperature profile with Figure 19: Temperature profile with
different values w, with N =1,n = different values E, with w = 1,N = 1,n =

0.1,E=08,Pe=0.1,i =v-1,t = 0.5 0.1,Pe=0.1,i =v-1,t =0.5

¥ ¥
Figure 20: Temperature profile with Figure 21: Temperature profile with
different values N, with w = 1,N = 1,n =  different values Pe, with w = 1,N =
0.1,E=08Pe=01,i=v-1,t=0.5 1,n=01E=08,i =v—1,t =0.5

6.3 Concentration Profile

Figures (22)-(28) show the effect of parameters E, w,Pe, N, S,,S. and K,. on the concentration. Figure (22),
shows that when E increases, the concentration decreases. It is evident from Figure (23), that the concentration
rises with increasing w. As shown in Figure (24), the concentration rises with increasing Pe. Figure (25),
illustrates how the concentration profile decreases as N rises. How S, affects the concentration profile decreases
is shown in Figure (26). As shown in Figure (27), the concentration Decline with increasing Sc. Figure (28)
illustrates how the concentration profile decreases as K, rises.
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1.0

0.8

0.6

0.4

0.2

Figure 22: concentration profile with
different values E, with w = 1,N = 1,n =
0.1,Pe =0.2,K, =0.1,S, = 05,5, =
0.3,i=v-1,t =05

Figure 24: concentration profile with
different values Pe, with w = 1,N =1,n =
0.1,E =0.8,Pe = 0.2,K, = 0.1,S, =
0.5,S.=03,i =v-1,t =0.5

Figure 26: concentration profile with
different values S,, with w = 1,N =1,n =
0.1,E = 0.8,Pe =0.2,K, = 0.1,S, =

0.3,i =v-1,t =05

Figure 23: concentration profile with
different values w, with N =1,n =
0.1,E =08,Pe=0.2,K, =0.1,5, =
0.5,S, =0.3,i =v—1,t = 0.5

1.0}
oel}
oei—
0‘4'}

0.2f

0.0F
-1.0

Figure 25: concentration profile with
different values N, with w = 1,n =
0.1,Q = 0.8,Pe = 0.2,K, = 0.1,S, =
05,5, =03,i =v—1,t = 0.5

Figure 27: concentration profile with
different values S, with w = 1,N =1,n =
0.1,Q = 0.8,Pe = 0.2,K, = 0.1,S, =
0.5,i=v=1,t =05
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-1.0 -0.5 0.0 0.5 1.0

Y

Figure 28: concentration profile with different values K., with w = 1,N = 1,n =0.1,E = 0.8,Pe = 0.2,5, =

0.5,S, = 0.3,i = V=1,t = 0.5

7- Conclusion Remarks

In this paper, we analyze the temperature, concentration and then study them together on oscillatory flow

MHD through a regular horizontal porous channel of a tangential hyperbolic fluid. A summary of the above
discussed results is as follows:

e Increasing in the parameters G,, n, 4, D,, and G, leads to fluid’s velocity increases, while the fluid’s
velocity decreases when the following parameters increase M, R, and t.

o The velocity of the fluid increases in the upper wall of the channel when the parameter We increases,

while the effect of the parameter is reflected in the lower wall of the channel and the velocity decreases.

o The parameters E and N have a positive effect on the fluid velocity and temperature, while its effect is

negative on the concentration.

e The parameters Sr, Sc and Kr have a negative effect on the fluid velocity and concentration.

The concentration of the liquid increases and its velocity and temperature decrease when the parameters
increase Pe and w.
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