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Abstract
.. naper deals with the s
This pape€ e study of Magnetohydrodynamics (MHD) flow of continuous dusty particles ina

on-Newtonian Darcy fluid between par
?SJ moving with some velocity. The a?]ale;ilii]alil:;elzt\?c?ere t}lehlowerplate - kept el
direct integration gnd Eigen function expansior& techn?c?uZS ;ffef ?;ilse;éremq;f UOHST;]VCFe Qb_tﬂfned e
Darcy porous medium and the external uniform magnetic field were applied on](t)}? fl ; reTSl]S“‘f/’t? e
cont.muous dusty fluid, nqn-Newtonian fluid, Darcy model were sli)own for gotl(l)“t,il 11‘? e'deCtSciOg[h‘e

articles.Some results obtgmed shows that increase in Hartmann number leads to a conine ukl)l ZH U?t
the ve}ocﬁy ofboth.the fluid ph.ase and that of the particle phase as well as inc;ease in vfsco;izit ¥ t_eclrea;e
1o aslight decrease in the velocity of the fluid but a considerable decrease in the ve;locity ofthe ng?til:le:a i

Keywords: Continuous dusty fluid, Eigen function expansion, MHD fl - i ( 1
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Introduction
The problem of boundary layer dusty fluid flow has been under investigation over many years ago. The

concept of an unsteady flow and heat transfer of a dusty fluid /sas a wide range of applications in
space heating, power generation, chemical processing, pumps,

tration geothermal systems, and so on. One common example of heat
iransfer is the radiator in a car, in which the hot radiator fluid is cooled by the flow of air over the radiator
surface. On this basis many mathematicians were attracted by this field. The efficiency of these devices is
affected by magnetic, Darcy resistance forces and dust particles. The high particle concentration leads to
higher particle-phase viscous stresses and can be accounted for endowing the particle phase by the
particle-phase viscosity. Datta and Dalal (1995) discussed the flow and heat transfer behavior of dusty
fluid over a circular pipe. Unsteady convective flow of a dusty fluid over rectangular channel was
discussed by Dalal et al. (1998). Bagewadi and Shantharajappa (2000) extended the previous work by
considering flow over frenet frame. Ugwu et al. (2021a) studied the MHD effects on gonvective flow of
dusty viscous fluid. The problem was solved numerically under the influence ofmagnetic field.

refrigeration, air conditioning,
accelerators, nuclear reactors, fil

the unsteady flow of dusty conducting fluid through pipes has been
nce of transverse magnetic field. Attia (2011)

studied analytically and numerically under the influe ] :
considered the velocities, skin friction factors, and volumetric ﬂow rates are com_puted and discussed.
Madhura and Swetha (2017) studied the influence of volume f‘ra_ctlon. of dust particles on flow through
porous rectangular channel. They used Laplace transform and Finite Difference Method (FDM) to obtain
velocities and skin friction factors for fluid as well as dust particles.

Similarly, Shawky (2009) studied

effects on hydromagnetic dusty fluid
blems have been solved analytically.
ons of the above problem
ow on convective fluids
analysed

d temperature-dependent viscosity
e studied by Dey (2016). These pro

flow b . .
e e 1.(2018) applied FDMon the governing equati
| d the effects of MHD f]

{n another study, Ghadikolaeieta Gboh) o i
10 obtain shear stresses. Ugwu e al. studie ' ! (

Incorporating viscous dissipation encrsy though it was a Newtonian fluid. This Froblensov;?:imd
numerically using method of lines and various fluid parameter and that of the particles wer :

Non-Newtonian viscoelastic an

us particles and conducting

n factors of both fluid phase
to transform

dusty visco
d skin frictio

The aim of this work is to compute the effects of continuous
lied on these equations

Power-law fluid and Darcy resistance force on the velocities an
nsformation technique 13 app

and particle phase. A linearization tra :
em due to the nonlinear term in the momentum equation.

— T 145

(%] CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

& Journal of Information, Education, Science and Tec

R e

Formulation of the Problem

The dust particles are assumed to be
distributed throughout the fluid. The two plates are assume

pressure gradient isapplied inthe

electrically non-conduc

Porousmedium

Figure 1: Problem geometry and boundary conditions
Given the governing equations,

2m

B+ 0P o ou) [&u

p -5;:—-?&—'*‘2 n(2m+l)[_a-y-J (_37]—(0[3024--%0—}” _KN(M—”P)
P

ou ou
ppEp_ =p.p-:3;2ﬂ+KN(u—up)
Subject to,

u(y,O)th--, u(—h,t)=0, u(h,t)=0
up(y,0)=0, up(-h,t)=0, up(h,t):()

Where,

u = velocity of the fluid o = electric conductivity of the fluid
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d to be electrically non-conducting. A constan
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_ yelocity of fluid particles
ll

l‘\ \10}\(,\ C Ol'l\'tﬂnl
B.= Magnetic 1 field intensity
0

N = number density of dust particles
N =

n-Dimen sionalisation

No

Using the following dimensionless variable we non-dimensionalise equation (1) to (3).
. A Y s Pph' . u u ph

T b } ol Mo Ho [T

By substitution we have,

n—|

oL 2] (Ze)-G o5 h-L0)

(5)
ot e
0 o'u
%:B ay.f +l.1(u—up) (6)
Subject to,
u(y,0)=R,y*, u(-1¢)=0, u(l,1)=0 -
llp(y,0)=0, up(—l,t)=0, up(l,t)=0
Where:
C(:—a_P’ legp_hz_]\l, 2m=n—1
3 HoP
n-|
i G 5 1, P
Re_ On;_l Q:E-P-, S;,:_—, B= =
ph ’ p k, Ho P,
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Parameter expansion; : :on (5). (6) and (7)
Using parameter expansion technique, we obtain equation (3); (
For n=1; we have:

al( l azu 9 9 <X)
5 =0 +R_C,T] 5—(&; +5° )u—L]Q(u—up)
ou o'u 9)
a[p =B ayz” +L1(u—up)
Subject to
u(,0)=Ry", u(-16)=0, u(lr)=0 (10)
u, (%,0)=0, u,(-1¢)=0, u,(1,6)=0
Again, using perturbation techniques, where
u=uy+Q0u +... A‘
L (11)

U, =t, +0u, +... J

Therefore, substituting equation (11) into equation (8), (9) and (10) and collecting like powers of 0, we
have that for;

o

ou 1 du

e D ) 2 2

7o (F2+5" g (12)
ou ou,

S Pt tht ) (13)
Subject to
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l!n(-v‘ O): R‘"’vz’ “” (—1’{)203 “() (1,[):()

0 (2020 1, (CLO=0, u (L1)=0 o
0

QQ?LH§%—0ﬁ+Sﬁ%—q@Mm ) (15)
ot ROy "

%%zg%%%+g@4—%J (16)
Subject to

u(1,0)=0, u (-L£)=0, u (1,t)=0 }

17)
ul’l (y’ 0):0’ uPl (—l,t)=0, up, (l’t)zo
Transformation
Since the boundary conditions are from -1 to 1, we wish to transform it to 0 to 1; thus let,
_y+1
i (18)
2
Applying (18) into equation (12) to (17), we obtain
auO n 62u0 2 2 (19)
o 4—Reax2 —(Ha+S )“o
Ou 52
—n _Ppou, (20)
af -Z ax2 +Ll uO —upo )
Ou 2
—lg N 07 @1
o 4p TfL_(HZ L )ul -L (uo O )
\
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6}; 4 OA[ +LI(“]F“ )

Subject to,

uy(3,0)= R (4" —4x+1), u,(-1,)=0,  u(17)=0

& (Y> 0)=0, u, (—1,t)=0, u, (1,t)=0 (23)

u,(,0)=0, u (-1,6)=0, 1 (L)=0

4, (:0)=0. 4y ((LO=0 1, (11)=0

Analytical solution

Using Eigen-function expansion techniques, we obtain the solution to equation (19)- (22) as follows;

wo (%, £)= Z(A4e — 4, Join (rm )x; (24)
u, (x.0)= Zi: 2[/1, (632 - 1)+ A (e‘”' —I)Je”" sin (nm )x (25)

u, (x1)= Z{ZZA.se ”}sm(mr)x (26)

n=1 { n=l n=1

0 (6) =SS e fin o) @)

n=1 Ln=l n=1 n=l
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Where,

803
ni- ni

8 1 y
4 :2139( ——j{—l) R R RN ) 1 (s —1)\

ABly] aeh i)

B 4y =LA, i
- n 2 A A
B_(_A__4Re(mt)JA5:—B_j, AGZE?BzzB—BIAItle‘IG_AU
2L _ 2L 25
Aw—'n_n—Ao’ Alz"';As’ ’41|:;E-A4B4=B|_BJ; B, =B - B,
By
A —A‘O- A AH- 4 Al’T Ae=As e _l)
3= 14 ==y G =0
B, By By 4,= AM(eBS —1)“"415(‘3_5J —1)
B, =B,~B,; Ay=28, 4, =L, 4, ("
=2 pe e S 0 =L, (e _1)
7

Results and Discussion

> (28)

The coupled differential Equation (12) - (16) with respect to the boundary conditions (14) and (17) are
solved analytically using Eigen function expansion techniques. For numerical results and graphically

representation, we considered :

Re=1,L,=0.1, :I,Ha=0.1,S=1,1’]=1,0L=1,Q=0.5,n=1,t=1;

These values are kept as common in entire study except the varied values as displayed in the respective

figures. The results obtained sh

Reynold number parameter (Re), Hartmann number (Ha),Pressure gradient (o

(1), for both the fluid flow and particles.

Figs. 2 and 3 depicts the effects of Reynold number on bot
increase in Reynold number leads to an increase in both th

< g — 151

ow the influences of the non-dimensional governing parameters, namely
),viscosity ratio (), time

h the fluid flow and the particles. It shows that
e fluid flow and that of the particles. This is
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jifferent situation, thus increase in the Reyngq
both the velocity of the fluid and that of .

because Reynolds number helps to predict flow pattern in ¢
number leads to a more turbulent flow which increases
particles.

on both the fluid flow and the particl_cs. [ts shows that
decrease the velocity of both the fluid phase and thys

Figs. 4 and 5 depicts the effects of Hartmann number
fluid phase reaches its steady state faster

increase in Hartmann number leads to a considerable
of the particle phase. This is because of its resistive effect but the
than the particle phase.

nd particle phase. Its shows that

onboth the fluid phase )
id phase and the velocity of the

Figs 6 and 7 depicts the effect of pressure gradient
the velocity of the flui

incr?ase in pressure with time leads to an increase in
particle phase.
nd the particle phase. It shows

Figs. 8 and 9 depicts the effects of viscosity ratio on both the fluid phase a

that increase in viscosity ratio leads to a slight decrease in the velocity of the fluid but a considerable
decrease in the velocity of the particles. This is because the particle phase 1 influenced more than the fluid
icle motion.

phase. Viscosity ratio is the main parameter than governs the dusty parti

e and the particle phase. It shows that an

Figs. 10 and 11 depicts the effect of time on both the fluid phas
article phase. This is because with time,

increase in time leads to an increase in both the fluid phase and p
heat is been generated which reduces the Lorentz force.

Figs. 12 and 13 depicts the effect of the power law index. It is observed that increasing the index, n there is

Jittle or no change in velocity profiles of both the fluid phase and particle phase.

——Re=1——Re=2"--"Re=3
. (5o ° - =kl [:_RFI*-“RFZ""Reil
Figure.2: Effects of Reynoid number on Figure.3: Effects of Reynoid number on
the fluid phase. the particle phase.
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the particle phase.

Conclusion

This paper presents the continuous dusty viscous particle model and non-Newtonian power law fluid
flow. The conducting fluid was studied considering magnetic and Darcy resistance forces. The governing
mathematical equations were solved analytically using Eigen function expansion techniques and were
analyses using MAPLE software. The effects of some governing parameters on the flow are presented

Jiaphically and discussed. The findings are summarized as follows;
Increase in Reynold number leads to an increase in both the fluid flow and that of the particles.

1.
Increase in Hartmann number leads to a considerable decrease the velocity of both the fluid phase

2
and that of the particle phase.
Increase in pressure with time leads to an increase in the velocity of the fluid phase and the

velocity of the particle phase.
Increase in viscosity ratio leads to a slight decrease in the velocity of the fluid but a considerable

decrease in the velocity of the particles.
Increase in time leads to an increase in both the fluid phase and particle phase.

Increasing the index, n there is little or no change in velocity profiles of both the fluid phase and
particle phase.
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