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Effect of thermal radiation and chemical reaction on
unsteady MHD plane — Poiseuille flow of fourth-grade fluid
in horizontal parallel plates
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Abstract

A fourth-grade fluid is an important subclass of differential type that is capable of describing
shear thinning and shear thickening effects (examples are ketchup, blood, paint, cream, nail
polish, etc.). This sort of model is used to explain the flow behaviour of non-Newtonian fluids
which are considered vital and applicable in many industrial production processes such as in the
drilling of oil and gas wells, polymer extrusion from dye, glass fibre, paper production and
draining of plastics films, etc. There is a dearth of knowledge in this area, therefore, this study
investigated the thermal radiation and chemical reaction effects on unsteady
magnetohydrodynamics plane — poiseuille flow of fourth-grade fluid in horizontal parallel plates
channel. The equations that governed the flow were the momentum equation; which is a coupled
nonlinear differential equation, the energy equation and concentration equation. The partial
differential equations were solved using He — Laplace method which is a combination of
Homotopy perturbation method and Laplace transformation method. The findings of the study
revealed that: (i) Velocity and temperature fields rise due to the increment of thermal radiation
parameter. (i) For upsurging data of chemical reaction, velocity and concentration fields
diminish. (iii) Velocity profile goes up when third and fourth-grade parameters get to raise;
Velocity and skin friction fields decline due to the increment of magnetic parameter. (iv)
Increasing Prandtl number tend to diminish the velocity and temperature profiles. (v) Strong
values of Schmidt number decrease the boundary layer of the Sherwood number field. The
results of this work are applicable to industrial processes such polymer extrusion of dye, draining
of plastic films etc.
Keywords and phrases: thermal radiation; chemical reaction; Plane-Poiseuille flow; fourth-grade
fluid; He-Laplace Scheme
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1 Introduction

The study of thermal radiation and chemical reaction is of most realistic significance to engineers and
scientists because of its universal incidence in many branches of science and engineering. This
phenomenon plays a significant role in chemical industry, power and cooling industry for dying,
evaporation, energy transfer in cooling tower and flow in s desert cooler, etc. [1].

Thermal radiation is the process by which energy in the form of electromagnetic radiation, is
emitted by a heated surface in all directions and travels directly to its point of absorption at the speed
of light. While, Chemical reaction is a process that involves rearrangement of the molecular or ionic
structure of a substance, as distinct from a change in physical form or nuclear reaction. There are two
types of such reactions namely homogeneous reaction which occurs uniformly throughout a given
phase of a flow and heterogeneous reaction which takes place in a particular region or within the
boundary of a phase [2]. And Magneto hydrodynamics (MHD) is the study of the magnetic properties
and behaviour of electrically conducting fluids. Example of such magneto fluids include plasma, liquid
metals, salt water and electrolytes. The fundamental concept of MHD is that magnetic fields can
induce currents in a moving conductive fluid, which in turn polarizes the fluid and reciprocally changes
the magnetic field itself. And, couette flow is the flow of a viscous fluid in the space between two
surfaces, one of which is moving tangentially relative to the other. The configuration often takes the
form of two parallel plates.

The fourth-grade fluid flow model is an exceptional model which is being used to explain the
flow attitude of non-Newtonian fluids, which are considered vital and applicable in many industrial
producing processes such in the drilling of oil and gas wells, polymer extrusion from dye, glass fibre,
paper production and draining of plastics films etc.

A vast analysis of non-Newtonian fluids problems has been done by many researches, amongst
whom are [3 — 14]. Researchers that considered the effects of thermal radiation and chemical reaction
include [15], who investigated the unsteady flow of an electrically conducting incompressible non-
Newtonian viscoelastic fluid through a porous medium filled in a vertical porous channel in the
presence of transverse magnetic field. The fluid and the channel rotate as a solid body with constant
angular velocity about an axis perpendicular to the planes of the plates. The effects of thermal radiation
and chemical reaction are taken into account embedded with slip boundary condition. The closed-
form analytical solutions are obtained for momentum, energy and concentration equations. The
influences of the various parameters entering into the problem in the velocity, temperature and
concentration field are discussed with the help of graphs. Also, numerical values of physical quantities,
such as skin friction coefficient, Nusselt number and Sherwood number are presented in tabular form.
[16], who presented an analytical solution to the problem of plane Poiseuille flow in a channel filled
with a porous medium. [17], who analysed heat and mass transfer characteristics of naturally corrective
hydro-magnetic flows of fourth grade radiative fluid resulting from vertical porous plate. They
considered non-linear order chemical reaction and heat generation with thermal diffusion. The
complete fundamental equations were transformed into dimensionless equations by implementing
finite difference scheme explicitly.
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Others and recent investigations were made by [18], who carried out an analysis for unsteady
magnetohydrodynamic (MHD) flow of a generalized third grade fluid between two parallel plates. The
fluid flow was as a result of the plate oscillating, moving and pressure gradient. Three flow problems
were investigated, namely: Couette, Poiseuille and Couette-Poiseuille flows and a number of nonlinear
partial differential equations were obtained which were solved using the He-Laplace method.
Expressions for the velocity field, temperature and concentration fields were given for each case and
finally, effects of physical parameters on the fluid motion, temperature and concentration were plotted
and discussed. They found that an increase in the thermal radiation parameter increases the
temperature of the fluid and hence reduces the viscosity of the fluid while the concentration of the
fluid reduces as the chemical reaction parameter increases. [19] presented an analysis to explore
analytical treatment for the computation of Poiseuille flow of a micropolar fluid in a channel placed
in between two horizontal parallel plates. Both the plates were placed at constant wall temperatures.
Therefore, the flow region was portioned into two different zones named zone I and zone IL
Eringen’s micropolar fluid flow phenomena took place by assuming no-slip conditions at the interface.
Suitable nondimensional variables were imposed for the transformation of governing equations.
Analytical treatment was carried out by employing the in-house symbolic command using the MAPLE
software. The behavior of several contributing parameters such as material parameters, the couple
stresses for both the zones on the velocity, and microrotation profiles were investigated and presented
via graphs. The volume flow rate was also calculated and presented in tabular form. The major
outcomes of the results were presented as the higher the Reynolds number, the rate increases
significantly. The profile was tiled near the central region with a pick starting from the lower plate
region to the central region in zone I and retards from the central region to the upper plate in the zone
II, and the profiles of angular momentum seem to be symmetric in nature about the central region
that was shown in both the zones. And, [20] investigated the unsteady MHD flow of fourth-grade
fluid in horizontal parallel plates channel. The upper plate was oscillating and moving while the bottom
plate remained stationary. Solutions for momentum, energy and concentration equation were obtained
by the He-Laplace scheme. The effect of various flow parameters controlling the physical situation is
discussed with the aid of graphs. Significant results from this study, showed that velocity and
temperature fields increase with the increase in thermal radiation parameter, while the velocity and
concentric fields decrease with increase in chemical reaction parameter. Furthermore, velocity,
temperature and concentric fields decrease with the increase in suction parameter.

However, in the above aforementioned investigations, the effect of thermal radiation and
chemical reaction on the unsteady MHD plane — poiseuille flow of fourth-grade fluid in a horizontal
parallel plates have not been paid attention. We shall therefore, consider this where both the lower
plate and the upper plate are fixed.

2 Methodology/Model formulation

We consider an unsteady flow of an electrically incompressible fourth grade fluid between two parallel
plates distance h apart and subjected to a uniform transverse magnetic field By. Here, both plates are
fixed (stationary) and with constant fluid speed u. The thermally radiative and chemically reactive flow
is heading x — direction along infinite porous plate with heat generation.
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Figure 1: Physical Configuration of the Flow

The state of this fluid is determined by the history of the deformation gradient without a preferred
reference configuration. Its constitute equation can be written as

T(x,t) = =PI + f2,(F£(s)) @.1)

Whete PI is the undetermined part of the stress — tensor, F is the deformation gradient and f is the
functional.

[21] prescribed different sorts of incompressible fluid category n as viscous fluid agreeing on [22 —

23]. Incompressible fluid of differential type of grade n is the simple fluid obeying the constitutive

equation
T=-Pl+)S, 2.2)
=1

obtained by asymptotic expansion of the functional in equation (2.1) through a retardation parameter
a. For n = 4 as elucidate by [22], [23] and [17], the first four (4) tensors §; are given by

S1 = phy 2.3)
Sz = a’1A2 + azA% (24)
S3 = B1As + B2(A14; + A Ay) + B3 (trAD) Ay (2.5)

Sy = V144 + V2 (A341 + A1A3) + V345 + v (A,A7 + ATAy) + ys(trdy) A, + ve(trd;) AT +
[y,trAs + ygtr(A,A1)]A, (2.6)

Where, p is the coefficient of shear viscosity, a;(i = 1,2), B;(i = 1,2,3) and y;(i = 1(1)8) are

material constants. The A, are the Rivlin — Ericksen tensors defined by the recursion relation
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d
A, = EAn—l + A, L+ LTAn—l, n>1 2.7)

Ay =L+1L" (2.8)

where L = VV, 2 s the material time derivative and Vis the velocity.

The thermally radiative and chemically reactive flow is heading x — direction along infinite porous
plate with heat generation. Here, Uy is the uniform velocity, To, and Cy, ate the fluid temperature and
concentration.

Under the above consideration, the equations that described the physical circumstances are

@ The Momentum equation:

ou _ 6_p+ 0°u  du  a,v 93u Biv? 9*u 6(B2+P3) (0_u)2 62u+y1v3 25u

ot oax  'ayz oy | p oy?at | p oy?2at? P ay) ayz ' p ay2aes
2v(3y2+Y3+Ya+ys+y7+ve) | 0u 8%u 92%u (au)z a3u oB2

pCp 2 dy dy? dtdy + dy dy2at pCp u+ gﬁT(T Too) + gﬂC(C Coo)
v
P 29)

(II)  The Energy equation:

or _ _k o°r z(a_u)z_i% 210
at pCp dy? ~ k\3y pCp Oy (2.10)

And,

(III)  The Concentration equation:

ac _ . 9%c
2

5 = D5~ Ke(C = Co) 2.11)

Where u is the fluid velocity, T is the temperature, C is the species concentration equationFrom

equation (2.10), g, is the radiative heat flux define as

aqr .
Sy 4a%(T,, — To) (2.11i)

We note that, when y; = 0, the fourth grade model reduces to the third grade model. When ; = 0,

the third grade model reduces to second grade model. When a; = 0, ; = 0 and y; = 0 then the
model reduces to classical Navier — Stoke equation.

The initial and boundary conditions (Idowu and Sani (2019)) are
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u(y,t) = h+ hcos(wy),0(y,t) = h + hcos(wy),C(y,t)

=h+ hcos(wy) aty >0,t =0

u(y,t) =1,0(y,t) =1,C(y,t) =laty=0andt =0
u(y,t) » ,0(y,t) > 0, C(y,t) >oasy > oatt >0

2.12)

Where u is the fluid velocity, T is the temperature and C is the species concentration equation, g is

the radiative heat flux, p is the density of the fluid, C,, is the heat capacity, B is the external magnetic

field.
In order to transform equations (2.10) —

*=p *

=% G =gﬁT(Tw_Too)V G

(2.13), we use the following dimensionless parameters

_ 9Bc(Cwy—Coo)V Haz — U'Bgv

u
u=—, — = Da =
v’ P T g T 03 pug
KU? D U x U kU2 T—T, c-C 4?08
S Se=oy =ttt =t h=2t R =0, 0= — - (= §=——la=
h2 v v h v2 Tw—Teo Cw—Coo pcpV
a U§ B1Ug _ (B2+B3)Ug y1U§ _ 2(3y2+Y3+Yatys+3y,+v8)US ka Kcv
2 r.Ba 3 ’Bb - 3 :Va 3 /b — 4 D KT
pv pv pv pv pv Uo
(2.13)
Substituting equation (2.13) into equations (2.9) — (2.12) and by dropping the asterisks, we have the
following:
ou_ dap , 0%u a3u a*u ou\? 02u a%u oud%u 9%u
=t it ags t Bagm T B (5) 5oi t Vagemes
at dx  0y2 dy2at dy2at? ady/) ady? dy2at3 6y 6y2 6t6y
ou\2 a3u
ou H ) 2.1
(ay) ayZat] ( a+—)u+G.0+G.C 2.14)
26 1 920
o __2- 2.1
ot = P ay? + 660 (2.15)
ac 1 9%c
5 S_CE - K,.C (2.10)

While, the initial and boundary conditions become

u(y,t) =1+ coswy,0(y,t) =1+ coswy,C(y,t) =1+ coswy att=0for0<y=>1

u(y,t) =1,0(y,t) =

1,C(y,t) =laty=0fort=0

u(y,t) » o, T(y,t) » o,C(y,t) > 0asy - o fort >0
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3 Analysis of the model

In this section we employ the He — Laplace scheme to solve equations (2.14) to (2.16) subjects to the
initial and boundary conditions (2.17).

Since equation (2.16) is a coupled non — linear partial differential equation, we have to solve equations
(2.15) and (2.106) first.

Now applying Laplace transform on equation (2.16), we have;

ac

1 (9%C
L5 =15 - Lo 3.1)
Applying the initial condition and dividing through by s and rearranging, we obtain;
__ 1+cos(wy) 9%C
L{C(y )} = == 4 S{SCL{ - } L{K, C}} (3.2)

Taking the inverse Laplace transform of both sides of equation (3.2), gives;

C(y,t) =1+ cos(wy) + L1 Il {S L{Z C} L{K, C}}l (3.3)

N

Applying the Homotopy perturbation technique, equation (3.3) yields

e (e +p| Lt ] L [@C]
Z(;P C,(y.t)=e +P{L {s{SCL{é’yz} L{KrC}}H (3.4

Comparing the coefficients of the like powers of 'P', the following approximations were obtained,;

P% Cy(y,t) =1 + cos(wy) (3.5)
Pueinn = 1 [HELGE - i | - 10 (L) -
K, (H%‘Z(wy))} ( cos(wy) — K,.(1 + cos(wy))) (3.6)

P Cy(y,0) = L7 H L{Z2)- L{Krcl}}] =

L E {SLCL {(c;—j cos(wy) + w?K, COS(‘“)’)) t} +L {Kr (aS)_CZ cos(wy) +
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K2(1+ cos(wy)) t}}l = (— cos(wy) + 2= ZKr cos(wy) +
K? cos(wy) + Kf)tz—zl 3.7
P Cy(y,0) = Lt [i {5 L{"’Bf} L{K, Cz}}l

Lt E {L {( M0 cos(wy) — 222 cos(wy) —

K3 cos(wy) — Kﬁ') ;—2'}}] = (_5—(36 cos(wy) — ro’ cos(wy) —

Fo — K3 _g3)E 3.8
< cos(wy) — K7 cos(wy) — K7 ) 3.8)

P*: Cy(y, t) = L Il{ L{Ze 2 - L{K@}H -

L1 E {L {(— cos(wy) +2 cos(wy) +2 cos(wy) +2 cos(a)y) +
K cos(wy) + Kr“) t—?}}l ( cos(wy) +2 cos(wy) +2 cos(wy) +
K cos(a)y) + K} cos(wy) + K“‘) - (3.9)

Therefore, in view of equations (3.5), (3.0), (3.7), (3.8) and (3.9) the solution to equation (2.106) is,
C ) =600+ 000+ GO0+ GO0+ GOt - (3.10)

C(y,t) =1+ cos(wy) + (_S—wz cos(wy) — K, (1 + cos(a)y))) t+

2

4 - 2 2 .6
(w— cos(wy) + & — Kr—wcos(wy) + K? cos(wy) + KZ) % + (S—a; cos(wy) —

cos(a)y) cos(wy) K3 cos(wy) K3) (—8 cos(wy) +

cos(a)y) +2 cos(wy) +2 cos(wy) + K} cos(wy) + K4) + - (311

Next, we consider equation (2.15), which is reaaranged to give;

a0 1 92%6 .
E = P—rg + 59 (3.111)

Now applying Laplace transform on equation (3.11i).), we get,
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a6

L2} = —L{ o} + L{se) (3.12)
Applying the initial condition and dividing through by s and rearranging we obtain;
_ ltcos(wy) , 1)1, (020
Loy, )} = ———+7 {PTL {ayz} + L{SH}} (3.13)

Taking the inverse Laplace transform of both sides of equation (3.13) gives,

8(y,t) = 1 + cos(wy) + L L {P L {3272} + +L{69}}] (3.14)

Applying the Homotopy perturbation technique on equation (3.14), yields

nZ;P”G(yt) e +F{L {S{RL{Z;} L{549}}H (3.15)

Comparing the coefficients of the like powers of 'P'in equation (3.14), the following approximations
are obtained;

P%:6,(y,t) = 1 + cos(wy) (3.16)

PL:0,(y,t) =L"1 li{ L {a 90} + L{SHO}H =Lt {SZLP (—w? cos(wy)) +

S%(l + cos(a)y)} = (_P—wz cos(wy) +6(1 + cos(a)y)) t (3.17)

P2:0,(y,t) = L1 E {—L {a 91} + L{691}}l =1 E {PlL {(%4 cos(wy) —

Sw? cos(wy)) t} + 6L {(_P—ar)z cos(wy) +6(1 + cos(a)y)) t}}l =

(2—4 cos(wy) — 2i—wzcos(wy) + 8% cos(wy) + 62);—2' (3.18)

P30,y 0) = 17 [ {_L (o 451 {2 + L{@@z}}]
P (oo + 2 oo et
6L {(— cos(wy) — —cos(wy) + 62 cos(wy) + 52)} 2'}] =

G
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P*:0,(y,t) = L1 [l {—L {a 93} + L{592}}l =1 HPiTL {(‘;’—8 cos(wy) —
cos(wy) - §3w? cos(wy)) 2} +

cos(wy) + 63 cos(wy) + 63)} }] =

m{(

(:’—; cos(wy cos(wy) cos(a)y) 5* cos(wy) +
4\t
5*)= (3.20)

Therefore, in view of equations (3.16), (3.17), (3.18), (3.19) and (3.20), the solution to (2.15) is,

9()’» t) = 90()’: t) + 91()’,75) + 92()’: t) + ‘93(3" t) .

07,6) = 1+ cos(wy) + (X cos(wy) + (1 + cos(wy) ) ¢ +
(%4 cos(wy) — —cos(wy) + 62 Cos(a)y) + 52)

54)5 + o (3.21)

cos(wy) + 63 cos(wy) + 63)

cos(cuy) 5* cos(wy) +

cos(a)y)

Finally, we now solve equation (2.14), which is rearranged to give

6_u _ a_p az_u a%u o*u ( ) 62 a5u
ot ox Tay T %apa T Ba dy2ot? + By ay) a2 T Vagyeaes t
udtu 3%u | (ou\? d%u 1
[ i (5) o at] — L + G0 + GcC where, Ha + — = L, (3.22)
Applying the Laplace transform on both sides of equation (3.22) gives
oul _ ,( dp  9*u o3u o*u (6u) 9%u %u
L {at} - L{ ax T ay? ta ay2at +hBa dy2at2 + b ay? *Va dy2at3 +
duou 0%u | (du\* du
Ve [2 et (5) o at] —Lu+G.6 + GCC} (3.23)
But, L{3+} = sL{u(y, )} — u(y, 0) (3.24)
Hence,
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_uwo 1 dp | 9*u a3u o*u (6_u)262_u
Liu(y,t)} = ==+ L{ o2 Va2 T @ 5yeac T Pagyaar TP 35;) 372
o5u ou 0%u 90%u au\2 93u
Ya dy29t3 + Yb aa_yzatay (5) —ayzat] - lzu + Gre + GCC} (325)

Taking the inverse Laplace transform of both sides of equation (3.25), we have;

_ -1 )uy0o) 9p 1 2%u 23u 0*u
LHL{u@, 0} =L I{T_EJ’ZL{WJF 28t+'3a8y26t2+

9%u a5u ou 0%u 82u ou\? a3u
Po ( y) ayz TVagyz: TV 25 3y ay2 otay T (5) ayzat] Lu+ = (1 + cos(wy) +

(— cos(wy) — K. (1 + cos(a)y))) t+ (— cos(wy) + 2507 ZKT cos(wy) +
K? cos(wy) + KZ) —+ (— cos(wy) — cos(a)y) — cos(a)y) —
K3 cos(wy) — K3) ' ( cos(wy) + 2 cos(cuy) +12 cos(a)y) +

icos(wy) + K} cos(wy) + Kr‘*) Z) += (1 + cos(wy) + (P_r cos(wy) + 6(1 +

cos(wy)) t+ (w—4 cos(a)y) - ﬂcos(wy) + 62 cos(wy) + 62) & +

G
©

54) 2_4)}} (3.26)

cos(a)y) + 63 cos(a)y) + 63)

cos(wy) COS((U)/) §* cos(wy) +

or

5

u(y,t) =1+ 21+ cos(wy) + G.(1 + cos(wy)) + G,.(1 + cos(wy)) + (_P—w2 cos(wy) +

(1 + cos(wy) — w—zcos(wy) -K.(1+ cos(wy))) t+ (w—4 cos(wy) — ﬂcos(wy) +

28e™Y ZKr

5% cos(wy) + 6% + —cos(a)y) + cos(wy) + K? cos(wy) + KZ)

G

cos(wy) + 63 cos(wy) + 8% — —cos(a)y) -

LM —— cos(wy) — cos(wy) K3 cos(wy) — K3) - (
2
S cos(wy) - cos(wy) — 6*cos(wy) + 6* + —cos(a)y) +2 cos(a)y) +
4 4 1)1, )0%u 9%u
cos(wy) +2 cos(wy) + K7 cos(wy) + K; ) T L {S L{ayz + Ag ar +
o*u (6u) 6_u+ a%u + Za_uﬁ_uazu_l_(a_u)z Pul_, 397
Bagyrae TP \5y) 552 TVagymaes TV |20y 5520my T \5y) ay7ae) ~ 2 (3:27)
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Applying the Homotopy perturbation method to equation (3.27), gives
® 2
Z P"u,(y,t) =1+ A1+ cos(wy) + G.(1 + cos(wy)) + G, (1 + cos(wy)) + (Pl cos(wy) +
n=0 r
2 4 2
(1 + cos(wy) — (;)—cos(a)y) - K.(1+ cos(a)y))) t+ (% cos(wy) — wp—wcos(a)y) +

2Se™V  2Krw?
Sc Sc

4 2
62 cos(wy) + 6% + ?—ZCOS(OW) + cos(wy) + K2 cos(wy) + Krz)% +

6

— /6 4 2,2

( Pa; cos(wy) + 3‘;‘: cos(wy) — 36Pw cos(wy) + &3 cos(wy) + 63 — (;)—Scos(a)y) —
4 2,2 3 8 S 4

SK;:’ cos(wy) — 3K;Cw cos(wy) — K32 cos(wy) — Kﬁ) % + (;’—;, cos(wy) — 4}:; cos(wy) +

2,.4 2,,2 8 6
65P;) cos(wy) — Mpw cos(wy) — §* cos(wy) + 6* + ‘;)—4cos(a)y) + 41{;;) cos(wy) +

r T c Cc
4KZ w* 4Krw? 4 4\ t* 1)1 du | 9%u d3u

52 cos(wy) + 5 cos(wy) + K; cos(wy) + Kr) o tP (L {s L {S % + 372 + Ay o +

d*u d5u u d%u 9%u ou\2 a%u
Bazyoge t BoHa(un) +v15 255+ b [ZHb (wn) + He(Un) 30525027 (5) ayzat] -

lzu}}> (3.28)

Ou)z ou d%u 9%u

Where, H, (uy,), Hp (uy,) and H.(uy,) ate the He’s polynomials for (5 '3y 352 3tay 1

(24 2 pecive
ay) ayza; espectively.

2
The He’s polynomials for (Z—;) are as follows

Ho(u) = (ug)?
H;(u) = 2ujuy

Hy(u) = 2ujuy + (uh)? (3.29)
Hz(u) = 2uju;

du d%u 9%u
’s polynomials for —— —— are as foll
The He’s polynomials fo 3y 957 atay e as follows

— nr_.r1
Ho(u) = ug'u'y,
— mnr_.r mnr_.r
Hi(uw) = ug'u'ye +ui"u'y,
e, o’ e o’

Hy(w) = uf)”u’,zr Uy Ut Uy W (3.30)

nr, .

/T
Hy(u) = uy"uyy +uy'uiy
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2 33y
dy2at

The He’s polynomials for (g—;) are as

follows
Ho(w) = (ug)?(ugugr)

Hy(u) = (ug)®(uguie) + (ug)®(ui'uge) + 2ugus (ugug,)
Hy(w) = (up)®(uguse) + (ug)?(ui'ui,) + (up)*(uy uoc) + 2ugug (uguge) + 2ugug (uy'ug) + 2ugus (ug uge)

(3.31)
Now, comparing the like powers of P in equation (3.28) and equating their coefficients gives

P%ug(y,t) =1+ A+ cos(wy) + G.(1 + cos(wy)) + G,-(1 + cos(wy)) +
(_P—wz cos(wy) + 6(1 + cos(wy) — c"—zcos(cuy) - K (1 + cos(wy))) t+ (%4 cos(wy) —

2Se” 2Kr

Ziw—z cos(wy) + &2 cos(a)y) + 6%+ —COS(wy) + -cos(wy) + K? cos(wy) +

95

cos(a)y) + 63 cos(wy) + 83 — —cos(wy) —

cos(a)y) cos(a)y) K3 cos(a)y) K3) 5 (
i cos(a)y) - cos(a)y) —6*cos(wy) + 6* + —cos(a)y) +2 cos(wy) +
cos(a)y) +12 cos(a)y) + K} cos(wy) + K4) (3.32)

1. _7-1)1 duy | 9%ug 3u, *ug
P ;ul(y't) - L {S L{S dy + ayz +a ay26t+ﬁaayzatz +ﬁb(u0) (u )+

65 rnr, .
Ya ayzat3 + ¥ [2ug " w'o + (up)? (ugug)] — lzuo}} (3.33)

Or

b

u (y,t) = (A11 + adig + BpAir + 2ypAisAi6 + A11A13417 — A1)t + (Ag; +
t2
ﬁbA12A13 + ﬁbA11A14 + 2y A% + A13A14417 — 1, Aq,) Pl (2BpA124A14 + 2411 4%, —

t5

le21) lezz o —1 A23 ol (3.34)
Therefore, the solution to equation (2.14) is;

u(ylt) =u0(}’»t)+u1(}’,t)+u2(y;t)"' (335)

u(y,t) = Ao + (A1o + 411 + @Aig + BpA11 + 2VpA15416 + A11413417 —
tZ
[,A10)t + (A12 + Ayy + PpA12413 + BpA11414 + ZVbA%G + A13414417 — 1A10) 2 +

5

t3 t* t
(Azz + 2,31914121414 + 2A11A%4 - 12A21) ; + (Azs - lezz Z) - 12A23 g + (3-36)
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where,
_ 2
Ay = Plzcos(wy) + 8(1 + cos(wy) — ‘;’—COS(wy) — K, (1 + cos(wy))

Ay = —w? cos(wy) — G.w? cos(wy) — G,w? cos(wy)

Gcw* cos(wy) n Grw* cos(wy)
Se Py

Ay = G.K,w? cos(wy) — 8G,w? cos(wy) +

A3 = w?sin?(wy) + 2G,.w? sin?(wy) + 2G,w? sin®(wy) + 2G.G,w? sin?(wy) +
GZ sin?(wy) + G? sin?(wy)

Ay = smz(a)y) + 28G,w? sin?(wy) — smz(a)y) smz(wy) —

26G2w? 51n2(wy) 51n2(a)y) 2G.G,w smz(a)y) —rsmz(a)y) -

GCZ(: sin?(wy) — K, sz sin 2(a)y) Giew smz(a)y)  2Gebre” smz(a)y) +
WrGeGreo® 2 (wy) + 62Grw? smz(a)y) + fee sm2 (wy) + ﬂsmz (coy) +

Gczl{rgw2 sin?(wy)

Ass = w3 sin?(wy) + G.w3 sin?(wy) + G,w?3 sin?(wy)

A = — G—sm(a)y) sm(a)y) G.K,w? sin(wy) — 8§G,w? sin(wy)

. . Gew3 Grw® .
A7 = G.K,w sin(wy) — 6G,w sin(wy) + ——sin(wy) + ——sin(wy)

aG.w? cos(wy) n aGrw? cos(wy)
Sc Py

Aig = aG K,.w? cos(wy) — adG,w? cos(wy) +

Ao =14+ A1+ cos(wy) + G.(1+ cos(wy)) + G,.(1 + cos(wy))

2Se”

w* 28 w? 2 24
Ay = P—cos(a)y) — P—cos(a)y) + 6“ cos(wy) + 6 —COS(O))/) +

2
2 cos(wy) + K2 cos(wy) + K2

382w2

_ 6
Ay, = i6cos(a)y) + 3(:)4 cos(wy) — cos(wy) + &3 cos(wy) + 63 — (;)—gcos(wy) -

cos(wy) - cos(wy) K3 cos(wy) K3
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8 4 2,.4 2,.2
Ayz = %cos(wy) — 4‘;‘: cos(wy) + 66P;° cos(wy) — 46Pw cos(wy) — §* cos(wy) + 6* +
8 6 2,.4 2
(;)—4cos(wy) + 41{;:’ cos(wy) + 4KST2(" cos(wy) + 41(;(» cos(wy) + K} cos(wy) + K.

4 Numerical simulations/sensitivity analysis

Theoretical work on unsteady MHD Poiseuille flow of fourth-grade fluid in horizontal parallel plates
channel with thermal radiation and chemical reaction effects has been analyzed and discussed in
details. The impact of thermal radiation, chemical reaction, third and fourth-grade parameters along
with other pertinent flow parameters are plotted graphically on different flow fields. The default values
for the pertinent flow parameters are taken as [20];

A =0.30,a = 0.20, 8, = 0.05, 8, = 0.05, y, = 0.05,y;, = 0.05, S, = 0.50,G, =5,G, =
5,P. = 0.71,Ha = 0.30,8 = 0.05, Da = 1.00, K, = 0.50.

To validate this present work, a numerical comparison is provided in Table 1.

Table 1. Validation of present study against [20] for velocity profile, when the suction parameter S = 0

o) Velocity u Velocity u Difference
(Present work) [20]
0.05 9.2474 9.2474 0.0001
0.10 9.2675 9.2678 0.0003
0.15 9.2874 9.2885 0.0011
0.20 9.3091 9.3094 0.0003

From Table 1, it can be seen there is no significant difference.

Figs 2 and 3 depict the velocity and temperature fields for increment of thermal radiation parameter §
(1.00 < § = 4.00). Thermal radiation is known as electromagnetic radiation or the conversion of
thermal energy which generates the thermal motion of particles in matter. Thermal radiation could be
attributed due to thermal excitation. It is observed that both velocity and temperature fields are
affected significantly with increase in thermal radiation parameter (§). Thermal radiation for a
medium which contains it inevitably has pressure and density gradients, and the treatment requires the
use of hydrodynamics.
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Fig. 3. Effect of thermal radiation parameter § on temperature distribution 6

The effect of chemical reaction parameter (K;-) on velocity and concentration profiles are depicted in
Figs 4 and 5 respectively. Due to the rise of chemical reaction (K, ) from 1.00 < K, > 4.00, the
velocity field decreases, and the concentration field also decreases. Physically, chemical reaction occurs
with more disturbance which develops the molecular motion and upsurges the heat transport
phenomena and as a result retards the velocity of the flow.
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Fig. 5. Effect of chemical reaction parameter K, on Concentration distribution C

Fig. 6 illustrates the drag force effect on fluid flow. The velocity profile decreases with the increment
of Hartmann number (1.00 < Ha > 4.00). The role of Hartmann number which is the magnetic
parameter is to suppress turbulence. Physically, when magnetic field is applied to any fluid, the
apparent viscosity of the fluid increases to the point of becoming viscous elastic solid. It is of great
interest that yield stress of the fluid can be controlled very accurately through variation of the magnetic
field intensity. The result is that the ability of the fluid to transmit force can be controlled with help
of electromagnet which give rise to many possible control — based applications, including MHD power
generation, electromagnetic casting of metals, MHD propulsion etc.
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The impression of third — grade and fourth — grade parameters on velocity profiles are respectively
illustrated in Figs 7 and 8. It is observed that the velocity profile develops with the increase in both

third — grade (1.00 < (B, = Bp) = 4.00) and fourth — grade (1.00 < (y,

Fig. 6. Effect of Hartmann number Ha on Velocity profile u
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Fig. 7. Effect of 8, and B on Velocity profile u
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Fig. 8. Effect of ¥, and y,on Velocity profile u

Figs 9 and 10 show the impression of Prandtl number (P-) on velocity and temperatures profiles
respectively. The parameter (P,) is the proportion of kinematic viscosity and thermal diffusivity which
changes physically with temperature. For example, water P, = 7.0 (at 20°C) and Ammonia B, =
1.38 decline more rapidly than air P, = 0.71. However, increase in P. depict the domination of
thermal and momentum diffusivity respectively. Prandtl number is used to determine whether heat
transport occurs with either conduction or convection process. Since, Prandtl number is inversely

proportional to thermal diffusivity so that increasing P, led to the decrease in velocity and temperature
profiles.

4 |
0P 20,11
L o --l--F’r=U.31 i
------------ o, P.=0.51
‘22' S —y—P =071
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1
0
0 05 1 15 2 25 3
y

Fig. 9. Effect of Prandtl number P, on Velocity profile u
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Fig. 10. Effect of Prandtl number P, on Temperature distribution 6

Figs 11 and 12 display the velocity and concentration profiles respectively for the increment of
Schmidt number (1.00 < S, = 4.00). Both the velocity and concentration profiles decrease with
increase of Schmidt number (S.). Physically, Schmidt number (S.) helps to develop fluid
concentration and concentration buoyancy force. Furthermore, it can also be used to improve the
visualization of fluid fields.

0 0.5 1 1.5 2 2.5 3

y
Fig. 11. Effect of Schmidt number S, on Velocity profile u
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Fig. 12. Effect of Schmidt number S, on Concentration distribution C

Since, the flow is driven by an externally imposed pressure gradient without motion of either plate,
Negative and positive pressure gradients increase and decrease the flow rate, respectively. This is
illustrated in Fig. 13. It is seen that increase in pressure gradient A enhances the flow significantly.

Pressure Gradient is a physical quantity that describes which direction and at what rate the pressure
changes the most rapidly around a particular location.

12

“
28
=

6

4 | | | | 1

0 0.5 1 15 2 2.5 3
y
Fig. 13: Effect of Pressure gradient A on Velocity profile u
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5 Conclusion

The effect of thermal radiation and chemical reaction on unsteady MHD flow of fourth-grade fluid in
horizontal parallel plates channel has been investigated. The solution for the nonlinear partial
differential equations were obtained by the He-Laplace scheme. The effects of flow parameters on
velocity, temperature and concentration profiles were depicted in figures and discussed. From the
results obtained, the following conclusions are made:

@) Velocity and temperature fields rise due to the increment of thermal radiation
parameter.

(i1) For upsurging data of chemical reaction, velocity and concentration fields diminish.

(i)  Velocity, temperature and concentration fields diminish due to the increment of

suction parameter.
(iv)  Velocity profile goes up when third and fourth-grade parameters get to raise.
) Increasing Prandtl number tend to diminish the velocity and temperature profiles.
(vip  Strong values of Schmidt number decrease the magnitude of velocity and
concentration distribution.
(vi)  Velocity increases with increase in pressure gradient.

The results of this work are applicable in many industrial producing processes such in the drilling of
oil and gas wells, polymer extrusion from dye, glass fibre, paper production and draining of plastics
films etc.
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APPENDIX
Nomenclature
B, — external magnetic field
T — temperature of the fluid
C — species concentration
qr — radiative heat flux
u — fluid velocity
Cp — specific heat capacity
Ha  — Hartmann number
P. — Prandtl number
G, — Grashof number due to heat transfer
G, — Grashof number due to mass transfer
K, — chemical reaction parameter
Se — Schmidt number
T, — temperature at the surface
Tw — ambient temperature as y — 00
Cw — concentration at the surface
Co — concentration as y — 00
X,y  — cartesian coordinates
Greek Symbols
U — coefficient of shear viscosity
a  —second grade parameter

Pa By — third grade parameters
Yo Vp — fourth grade parameters

f - thermal expansion coefficient

Bc — concentration expan\sion coefficient
0  — thermal radiation parameter

0  — Stefan — Boltzmann constant

p  —density of the fluid

v —kinematic viscosity

A - pressure gradient
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