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Abstract:

A mathematical model constructed to study the combined effects of the concentration and the
thermodiffusion on the nanoparticles of a Jeffrey fluid with a magnetic field effect the process of containing
waves in a three-dimensional rectangular porous medium canal. Using the HPM to solve the nonlinear and
coupled partial differential equations. Numerical results were obtained for temperature distribution,
nanoparticles concentration, velocity, pressure rise, pressure gradient, friction force and stream function.
Through the graphs, it was found that the velocity of fluid rises with the increase of a mean rate of volume
flow and a magnetic parameter, while the velocity goes down with the increasing a Darcy number and lateral
walls. Also, the velocity behaves strangely under the influence of the Brownian motion parameter and local
nanoparticle Grashof number effect.

Key words: Homotopy perturbation method (HPM), Jeffrey fluid, Magnetohydrodynamics (MHD),
Nanoparticles, Peristaltic flow.

Introduction:

The Peristaltic flow is a mechanics for  properties and heat transfer on the peristaltic
pumped fluids into tubes when the wave-out of the transport of a Jeffrey fluid through a porous
contraction zone or expansion spreads along an medium in the magnetic field has been investigated
expandable and shrinking tube containing fluid. The by Al-Khafajy and Abdulhadi in (3). The effect of
peristalses have very important applications in lateral walls on peristaltic flow in a rectangular duct
many industries and physiological systems. They  has been investigated by (4). They noted that the
include the transfer of urine and food through the uterine cross-section of the uterus may be
urinary tract and digestive system respectively, preferably approximated by a tube than a
blood circulation through blood movement, the rectangular section of a two-dimensional canal.
menstrual movement for the egg in the fallopian Nadeem et al. (5) analyzed a "mathematical model
tube. The major industrial application for this  for the peristaltic flow of Jeffrey fluid with
phenomenon is the design of rotary pumps used in nanoparticles phenomenon through a rectangular
pumping fluids without contamination due to duct".
contact with pumping munitions (1). Furthermore, Nanotechnology has basic and important
the peristaltic movement study has acquired many applications in the modern industry in nano-size
applications, for example, ship movements, mud exhibit  unmatched physical and chemical
transport, sensitive or corrosive liquids, healthy properties. Gasoline, oil, ethylene glycol and water
fluids, and harmful fluids in the nuclear industry. In. are common examples of essential fluids used for
(2) Kothandapani and Srinivas analyzed the effect liquid nanoparticles. Nano-fluids make a huge
of a magnetic field in the peristaltic transport for a  contribution to heat transfer such as fuel cells,
Jeffrey fluid in an asymmetric canal and discussed microelectronics, hybrid engines, refrigerators,
the problem in wave frame moved at a stable axial nuclear reactor radiators, space technology and
velocity under the approximations of low Reynolds many other cases. Suitable to the spacious thermal
number and long wavelength. The influence of wall properties, nanofluid has attracted the consideration
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of researchers to the fabrication of heat transfer
fluids in hotness exchangers, in plants and in auto
cooling chillers. In literature, many researchers and
industrialists are studied nanofluid and their
applications, (6-11). Nadeem and Maraj (6)
described the mathematical analysis for peristaltic
flow of a nanofluid in a curved channel with
compliant walls. Hayat et al. (7) investigated the
flow of MHD from a saturated porous space of
Williamson fluid. The effect of thermal radiation on
unstable free heat flow (MHD) for the rotation of
Jeffrey nanofluid that passes through the porous
medium was studied in (8). In (9) Latha and Kumar
described the mathematical analysis to study the
effects of Joule heating and Hall current by heat
radiation on the peristaltic flow of a nanofluid in a
channel with flexible walls. In (10) Hayat et al.
investigated the magneto peristalsis of Jeffrey
nanomaterial in vertical asymmetric compliant
channel walls with considering nonlinear thermal
radiation. In (11) Ansari et al. analyzed the problem
of unstable laminar boundary layer flow, caused by
propellant expansion sheet and thermal transfer to
Jeffrey nanofluid.

Stimulated by this, assume a mathematical
model for analyzing the combined effects of
concentration and heat diffusion on nanoparticles
with the influence of the magnetic field on the
process of containing waves in a rectangular porous
medium channel in 3D. This paper consists of five

-~

sections, the first section includes formulating the
governing equations with the boundary conditions
in addition to displaying the dimensionless
transformations for facilitation the governing
equations with assuming a very small Reynolds
number or a very large wavelength to solve the
problem. In the second section, the dimensionless
equations are analytically solved by the HPM, the
expressions are obtained for velocity profile,
temperature distribution, pressure rise, pressure
gradient, nanoparticles concentration and friction
force. The third section includes the effects of
various emerging parameters that are discussed
through graphs in detail. The fourth section
discusses the trapping phenomenon and the
parameters that affect the increase and decrease,
appear or disappear of the trapping bolus. The last

section briefly reviews the most important
parameters (Schmidt number, Grashof number,
Prandtl number, Darcy number, magnetic

parameter) that affect the movement of the fluid.

Mathematical formulation:

Considered the peristaltic flow of a non-
Newtonian (Jeffrey) incompressible fluid with the
concentration of nanoparticles in a cross-section of
a normal rectangular three-dimensional canal (4).
The flow is generated by the propagation of
sinusoidal waves along the axial direction of the
canal with ¢ (constant velocity), Fig.1.

X

T,C,B,

Figure 1. Schematic diagram for peristaltic flow in a rectangular duct

The peristaltic waves on the walls as represented
(4):

Z=FHX,t)=FaFbcos|ZT(X—ct)| ... (1)
whereas a and b are wave amplitudes, t is time and
X is the wave propagation direction.

The walls are still parallel to XZ-plane that is
unobstructed and not subject to any wave
movement. Assuming that the side speed is zero as
there is no change in the lateral direction of the
transverse channel, that isV =(U,0,W). The
governing equations in three-dimensional for flow
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velocity of the nanofluid problem has the following
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. o\ 2
{DB(Z—EZ—P?—?Z% R (GO
(Z—;) +(Z) )}...(6)§+Ug—§+WZ—§=
Dy (G + 535+ 570) + o (5 + 572 + 53)

o (D

where U is the component of the velocity in X-
direction, W is the component of the velocity in Z-
direction, T is the temperature, C is the
concentration of the fluid, p is the dynamic
viscosity, k is the permeability, B, is the magnetic
field, o is the electrical conductivity, K is the
thermal conductivity, c,, is the specific heat capacity

at constant pressure, D is the coefficient of mass

diffusivity, T,, is the mean fluid temperature and
T= EZC;? is the ratio of the active thermal capacity

of the nanoparticle to the thermal capacity of the
base fluid. Also S represents the structural relations
for Jeffrey fluid (12):
S—H(V‘le)/) - (®)
where A,the ratio of relaxation to retardation times,
y is the shear rate, A, is the retardation time and u is
the viscosity of the fluid.

To analyze the flow of the (X, Y, Z) current wave
frame with the constant velocity ¢ away from the
(X,Y,Z) fixed frame by the transference
x=X—-ct,y=Y, z=Z, u=U—-c, w=
W, p(x,z) =P(X,Z,T), T=T, C=C... (9)

Introducing the  following  dimensionless
transformations for facilitating the governing
equations of the motion, as follows:

f—f——_z——f‘—c_t ﬁ—z V_V_K _a ___aps—._a_s __kK _ kK
_A'y_d' Ta’ T AT T T s A’p_uc’ ~ uc _(pc)f’ a?
ca b T-T, Cc-C, prgara?(C1—Cy)
SC: - lRezp_Jw__I9= Oy . __18__3 - —— — 0’ (10)
pDp u a T, —T; 6‘1 Co’ uc
TDR(C,—C D (T, —T, prgaga®(Ti—To) oa’B?
p=2LN, = B(Cy O)JVt: T(T1— o)G_f @70 gz = 0
po o Tox uc u

where R,, S., N, N, B., G,, B.,Da and M
represent the Reynolds number, the Schmidt
number, the Brownian motion parameter, the
thermophoresis  parameter, local nanoparticle
Grashof number, local temperature Grashof
number, Prandtl number, Darcy number and the
magnetic parameter.

Compensate equations (10) into equations (1)-(9),
and using the assumption of long-wavelength § «1
and low Reynolds number, lead to simplifying the

equations to the following form:
au ow

o 5_0 (1)

ﬁngZ (1+/11)( +M2)u—

¢! +,11)( +M? +2—G,6 - B.0) ... (12)

2—5_0,3—:_0 . (13)

Bt (B2 55+ 550 +
(ﬁz( ) (Zf) )= (14
FILEL (AL

The boundarles of the channel will obtain the
dimensionless form as follows:
z = Fh(x) = F1F 0 cos2nx . (16)

The corresponding boundary conditions are:
u=-laty=F1,u=-1atz=+h(x),

. (17
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0=a1,Q=a2aty:1, 9=b1,Q=b2at

y=-1, . (18)
0=0=0atz=hx),0=0=1at z=
—h(x) . (19)

The statements for the dimensionless flow
functions can be described as u = %, = %

where i represents the flow function.
Problem solving by HPM:

The solution of the nonlinear partial differential
equations (11)-(15) have been found by the HPM.
The deformity equations for the problem are
defined as (Ji-Huan, 2010).

H(v,r) =V[v] — Vi) + rV[i,] +

{ﬁza 1’—(1+/11)((D—1a+M2)(v+1)+Z—Z—

G0 — Brﬂ)} =0,... (20)
(0, r) = v[0] - V[Gy] + rV[8,] +
r{B2 29+ b(ﬁzifgi o)t

N, (ﬂz (@) +(3) )}: 0,... (21)

H@r) = V@] = V[0] +rV[0,] +
r(p2 224 (Bz +291=0. .. )

Here, r is the parameter included that has the range
0 <r <1, provided that for r = 0, obtained the
primary solution and for r = 1, reached the final
solution. Here, V is the linear operator that is taken
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here as V= a_z Choosing the following
preliminary estimates
B(y,2) = (1 =y = h) =1, ... (23)
Bo = 0o = p2(2% - h?) + 2~ . (24)
Let us define
v(x,y,2) = vy + 10, + 120, + -
0(x,y,z) =0y + 10, + 720, + . (25)

D(x,y,z) = Dy + 1P, + 12D, +

Replacing the equations (25) into equations (20)—
(22) and then the similar forces are compared with
r, the following problems are produced with
corresponding boundary conditions, i.e.
For r9:
VIve] — V]iip,] = 0, withvy =—-1at y = F1,
vy = —1lat z = +h(x),
V[0,] = V[B,] =0, with®g =a, at y =1,
Op=bjat y=-1,05=0at z=h(x), Q=1
at z = —h(x),

V[do] — V[Q] = 0, with dy = ay at y =1,
CD0=b2at y=—1,¢0=0at Z:h(x), CDO=1
at z = —h(x).
For rt: =—% ik L+ 2 (;y”z“ ((i +
MZ)(v0+1)+——G 0, — B, c1>0) =0,
9%0, za @0 92 @0 200 a<1>0
0z2 +'B az2 (ﬁ dy 6y
209 9% 2 (2%0)* | (990)*) _
0z 62)+Nt(ﬁ( ) +(6z)> 0
%D, 2a d:o 9%d, Nt 2 020,
0z2 +h + 0272 +Nb (ﬁ 0y? +
9200\ _
dz2 ) =0 .
Wlthv1=®1=¢1=oat y=+1, 171=G)1=

®; =0at z=Fh(x),
For r2: 2 ”2 ,BZM—(1+AI)((D—111+M2)U1—

G0, — Br191) =
6292 2a 91 ( 200, 00,
9272 +B > +No \B 3y dy
90, 0P, . 00, aq>1 aeo 0D, ) 0
9z 9z dy 9y az 9z /) '
2%2d 0%d N %0 220
2+ﬁ2 1+_t(ﬁ2 1 1):0
0z2 oy? Np ay? 0z2

withv, =0, =d, =0at y=+1, v, =0, =
@, =0at z=Fh(x),

The corresponding solutions for the above
equation systems determines after three iterations
and uses equations (25) as

u=lim,_,v=vy+v+v,+
6 =lim_,0=0,+0;, +06, +
Q=lim_; ®=®dy+ D, + P, +
Obtained:
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u(wy,2) = (1= y)(2? —h?) 1+

h2(1+11) 2 2 2 _ 2
S [h (1 + DaM?)(y? — 1) + DaB?(B, +

G.)(SF% —3) + 6Dap?® + 2| +

h2(1+1)

m{thb(l +2,)(1 + DaM?) [Daf? (B, +
G,)(244B2 — 150) + 244h2(1 + DaM?)(y? —

1) + 300DaB?(B, + GT)Z—z] + DaB?(1 +
A1)[600h%DapB?(B,N; + B.N,, + G.N,) —
244h*B%N,(1 + DaM?) + DaN,G,(N, +

N)(75 + 244h4ﬁ2)]} —~h(B, + G)(1 + 1)z +

24;“;;) |2p2(1 + DaM?)(y? - 1) + Dap?(B, +
G,)(2h?B? — 1) + 2Dap? 2| 4 ZErr e
Z (1+Al)

[Dap*(B, + G,) + (1 + DaM?)(y? —

120a32
7h3(1+11)
1) + Dap?] + W;Z [4DaB%G,(N; + Np,) —

(1+ 2 + DaM?)(B, + G.)] +

M[hzzv (1+ A,)(1 + DaM?) +

48Da2 BN, b 1

10h%2(1 + DaM?)(y? — 1) + 10Dah?B*(B, +
G.) — 6Dap? (B, + G, — 252

) -

20Dah*B*N,(1 + DaM?) + 24h?Da?B* (BN, +
B.N, + G Nb) + Da?B%N,G,(N; + N,)(8h*B* +

3)| - 2 (DapG, [4DapA(N, + N,) -

(1+ /11)(1 + DaM?)] — DapB?B,(1 + 2,)(1 +
DaM?) — (1 + DaM?)[(1 + A,)(1 + DaM?)(y? —
1) —2Dap?1} +

DahB*N,z3 (E —2) [4Daf?G, (N, + Ny) —
(1+ 1)+ DaM?)(B, + G,)] —

2
= {Da?B2N, (G, Ny + 4h?B2B, (1 + 2N)] +
(14 2A)(1 + DaM?) [DaNb,BZ(thBr +
G)(2R2B2 — 1) + 4h*(1 + DaM?)(y? — 1) +
4n?Dap? 2| - 2h*Da*(1 + DaM?)}

. (26)
0 = p2(z% — h?) + 2+ _[24h2p? + (8h*B* +
3)(N: + Np)] — —hﬁ (Nt + Np)z + (8h2ﬁ2
N, + N, )+w(z — hB2%z%) —
% [15(3N, + 2N,,) + 4h2B%(NZ + 2NZ +
3N,Np)| + 2N,) +
(16h*B* + 15)(NZ + 2NZ + 3NN, )| —
~ [24h2B2(3N; + 2N,) + (3 — 16h*B*)(NZ +
2NZ + 3N;Ny)| + 2hp2z*[4h%B? (3N, + 2N,) +

2

(NZ + 2N + 3NN, )| — 2 (NZ + 287 +
3NNy (Shz? + 85225 — 2 hp*z°)

. (27)
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h— 2(Ng+N
Q= p2(z? — h?) + 57 - EEEE (2 — p2) —

[768h°B° + (1 + 96h*B* +
N¢(1+16R*B*)(Ne+Np)z
48h3B2N)
(N¢+Np) (4h'BZZ _ 1)4—]

N¢
768h*B4Ny,
256h8B8) (N, + N,)] +

N¢ 34,2
P |48n3p422 +
... (28)

The volumetric flow rate g is
h 1
q= fo @) fo u(x,y,z) dydz

dp _
dx

16h B2

15Da

The average volume flow rate over one period
(T = %) of the peristaltic wave is

Q = [ [(u(x,y,2) + 1) dydz = q + h(x)
... (30)

From solving equation (30) after compensating
the equation (29), the pressure gradient is obtained,;

h3[2h2(1+4)2(1+DaM2)—5Da(1+1,)] {Q + 982

2 2v21 _ W3Br(1+21)
24, + A2(1 + DaM?)?] oos0Da

10080Dah3(1+/11)[1470Da+33DaNt+DaNth2ﬁ2(102h2ﬁ2—84)+h2(1+Al)(1+DaM2)(1088h2/§'2—65)]}

Numerical integration of the pressure gradient
along one wave, gives us a pressure rise Ap
formula, i.e.

1/d
tp = f, () ax .. (32)
The dimensionless friction force F at the wall per
wavelength is given by:

1 d
F=[n(-%)dx .. (33)
The corresponding stream function 3 can be
obtained by integrating equation (26) with respect
to z.

Results and Discussions:

Analytical solutions are acquired for momentum
equation, energy equation and neutralizing the
concentration of nano-particles with the help of
homotopy perturbation technique up to the third
order deformation. Discussed graphically all
solutions obtained under variations of different
parameters relevant in this section. The effects of
side walls (aspect ratio ), amplitude ratio @,
thermophoresis parameter N, average flow rate Q,
Brownian movement parameter N,, magnetic
parameter M, local nanoparticle Grashof number
B,, Jeffrey fluid parameter A, local temperature
Grashof number G, and Darcy number Da on the
velocity  u, temperature 6, nano-particles
concentration 9, pressure rise Ap, pressure gradient

Z—Z and friction force F are presented by sketching

graphs for three and two dimensions. The
phenomenon of a trapped bolus is also incorporated
by drawing streamlines for wvarious physical

parameters.
Based on equation (26), Figs. 2 - 6, illustrate the
effect of the parameters

@, N¢, Ny, Q, M, B, A1,G,,Da and § on the velocity.
It is found that the velocity profile u, achieve its
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... (29)
h®  8r3(1+A)(1+DaM?) | 68h7(1+4,)(1+DaM?) 2 2 68h7
45Daf3? 945Daf? (3‘8 +2M ) T+ 945Da? 2 [1 +
[1470Da + h?(1 + A,)(1 + DaM?)(1088h%B? — 651)] —
1 .. (31)

maximum height at z =0, the speed of the fluid
begins to increase and tends to be fixed in the walls
+h(x) as particularly at the boundary conditions.
Figure 2, illustrates the influence of the parameters
@ and N.on the velocity distribution function u vs.
z. It is found that the velocity profile u rising up
with the increasing @, when |z| <1, while u
increases with increasing of N; when z € (-1,-0.4)
U (0.5,1), and u decreases with increasing N, when
-0.4< z <0.5. Figure 3, shows the behavior of u
under the variation of Q and Ny, one can depict here
that u increases with the increasing of Q, while u
increases with the increasing of Nywhen -1< z <0.5,
and u decreases with increasing N, when 0.5< z
<1. Figure 4, contains the velocity profile behavior
under the difference of M and B,, it is aforesaid that
the velocity profile rises with the increase of
parameter M. The effect of the B, parameter is
similar to the parameter effect N; on the velocity
profile increases, whereu increases with the
increasing of B, when z€ (-1,-0.5) U (0.5,1), and u
decreases with increasing B,, when |z| <O0.5.
Figure 5, illustrates the effects of the parameters
A,and G, on the velocity distribution function u vs.
z. It is found that the velocity profile u rising up
with the increasing of 1;. Add to that, U goes down
with the increasing G,., when -0.35<z<0.55, andu
increases with increasing B,, when z € (-1,-0.35) U
(0.55,1). Finally, Fig. 6 shows the velocity profile
behavior under the variation of Q and Da. It is
previously mentioned that the velocity profile goes
down with the increasing effects of both the
parameters. This appears to increase the extent of
the side walls either by increasing the height of
vertical or by reducing the horizontal distance of the
walls, resulting in a decrease in fluid velocity.
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Figure 2. Velocity distribution for various values of @ and N, withx =0,N, =0.5,Q = 1,B, =
0.51,=0.6,G,=0.58=15Da=09M=1.1.
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Figure 3. Velocity distribution for various values of @ and N, withx = 0,9 = 0.15,N, = 0.5,B,. =
0.5,4,=0.6,6,=0.5,=1.5Da=0.9M=1.1.
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Figure 4. Velocity distribution for various values of M and B, withx = 0,0 = 0.15,N, = 0.5,N; =
0.5Q=14,=0.6,G,=0.5,=1.5Da=0.9.
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Figure 6. Velocity distribution for various values of Da and 8 with x = 0, =0.15N, =0.5,N, =
0.5B,=0.5Q0=1,6,=0.51,=0.6M=1.1.

Based on equation (27), Fig. 7, illustrates  temperature curve gives linear demeanor at § = 0.3
the effect of the parameters @, 8, N, and N, on the  while for the large values of the side walls, the
temperature distribution function 8. The graph for bending begins and gets its maximum curvature
temperature curve along with the variations of the near z = -0.1 and disappears at z = h(x) to meet the
amplitude ratio @ and the lateral wall g with the physical quality at the walls. In (b), the temperature
other constant parameters are explained in (a). Itis  curve is a reduced function of N, and N, in the
mentioned earlier that the velocity profile goes region -1.2< z <-0.3, while in -0.3< z <1.2, it shows
down with the increasing effects of both the  opposite variation.
parameters. Also, it is important to note that the

-10 -05 00 05 10

Figure 7. Temperature distribution 8 vs. z with x = 0,y = 1, for (a) different values of @ and g at
N, =0.5,N, = 0.5, (b) different values of N, and Npat® =0.2,8 = 0.5.

Based on equation (28), Fig. 8 illustrate the be measured from (a), the behavior of the
effect of the parameters @,58,N, and N, on the  concentration is almost similar to the behavior of
nanoparticles concentration Q. The influence of the temperature with variation @ and g. Whilst, it
amplitude ratio @ and the lateral walls § on Q can depicts that the concentration of nanoparticles is
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directly proportional to the difference of N,but
inversely related to N;, view (b). From the figures
below, observed the movement from - h(x) to 0, the

curves are declined, but as proceed, those begin to
rise and get stable in h(x).

Figure 8. Temperature distribution Q vs. zwithx =0,y = 1,0 = 0.2, 4, = 1, for (a) different values
of Bat N, = 0.5,N, = 0.5, (b) different values of N, and N, atf = 0.5.

Based on equation (31), Fig. 9 illustrates the
influence of the parameters @, N;, N,, M, B, G,, Da

and S on the pressure gradient Z—z vs. X. The effects
of the parameters M and N, on the pressure gradient
are explained in (). It is found that Z—Z rises with the

dp

increasing N,, while -, Joes down with the

increasing M when 0.25<x<0.65 and Z—Z rises with
the increasing M, otherwise. Furthermore, if M = 1,
2> 0 when 0.35<x<0.65 at N= 0.3, >0 when
0.32<x<0.68 at Nj,= 0.4 and == >0 when 0.3<x<0.7
at N,= 0.5, otherwise Z—zﬁ 0. Also, observed that, if
M= 1.2, 2> 0 when 0.33<x<0.67 at N= 03, >
0 when 0.31<x<0.69 at N,= 0.4 and <£>0 when
03<x<07 at Np= 05, otherwise <£<0. The
influence of § and N; on the pressure gradient can
be noted from (b), it is mentioned here that Z—Z goes

down with the increasing effects of both the
parameters § and N;. Noted that, at § =1.3, Z—ZZ 0,
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while if § =1.5, >0 when 0.23<x<0.77 at N,=
0.4, >0 when 0.26<x<0.74 at N,= 05, £=0

when 0.28<x<0.72 at N,= 0.6 and %S 0 otherwise.

The influence of the parameters @ and Da on the
pressure gradient is explained in (b). The pressure
gradient is divided into two zones, positive and
negative, under the variation of @ and Da. In the
positive area, when 0.28<x<0.72, the effect of @
and Da on the pressure is direct, while in the
negative region the effect is reversed. Finally (d),
contains the behavior pattern of pressure gradient
under the change of B, and G,.. It is found that the
pressure gradient goes down with the increasing
effects of both parameters. Furthermore, if B,=0.3,

3—520 when 0.1<x<0.9 at G,=0.4 and %ZO when
0.2<x<0.8 at G,=0.5, otherwise -2 <0, while if B,=
05, “£>0 when 0.32<x<0.68 at G,= 0.3, 20
when 0.28<x<0.72 at G,= 0.4 and 3—220 when

0.2<x<0.8 at G,= 0.5, otherwise %S 0.
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Figure 9. pressure gradient vs. z with Q = 1, 4; = 1, for (a) different values of Nyand M at @ =
0.15,N;, =0.5,B,, =0.5,6r = 0.4, = 1.5,Da = 0.9, (b) different values of B and N;at @ =
0.15, N, =0.5,N, =0.5,B, = 0.5,Da=0.9,M = 1.1, (c) different values of @ and Da at N, =
0.5,N, =0.5,B,, =0.5,6Gr = 0.4, =1.5,M = 1.2, (d) different values of B,. and Gr at ¢ =
0.15, N, =0.5,N, =0.5,=1.5Da=0.9M =1.2.

Based on equation (32), Figs. 10 and 11,
illustrates the effect of the parameters
By, A4,G,, M, Ny, Da, N, and S on the pressure rise
Ap vs. @ and Q, respectively. Figure 10, illustrate
the effect of the parameters B,, A4, G, M, N,,, Da, N;
and S on the pressure rise vs. @. The behavior of Ap
vs. @, under the variation of B, and A, are explained
in (a). One can depict here that Ap rises with the
increasing A, while Ap rises with the increasing B,
when 0<@<0.4 and Ap goes down with the
increasing B, when 0.5<@<1. Observed in (b), the
influence of the parameters G, and M on the
pressure rise Ap vs. @. One can depict here that Ap
goes down with the increasing M, while if M=1.2,
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Ap increases with the increasing of G,., and if M=1,
Ap decreases with increasing of G, when 0<@<0.4,
and Ap increases with the increasing B, when
0.4<@<1. Observed in (c), that Ap rises with the
increasing of both parameters N, and Da. The
behavior of Ap vs. @, under the variation of N, and
B are explained in (d). One can depict here that Ap
goes down with the increasing N;, while Ap rises
with the increasing B. Furthermore, observed that
the pressure rise function is generally increasing in
(d), notice that at $=1.3 the function is increasing at
the beginning and when it reaches the almost
middle of the distance (©=0.45) it begins to
decrease.
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Figure 10. pressure rise Ap vs. @, at Q =1 for (a) different values of B,. and 4,at G,, = 0.4, M =

1.2,N, =0.5,N, =0.5, Da=0.9,8 = 1.5, (b) different values of G, and M at B,, = 0.5, 14
1,N, =0.5N,=0.5Da=0.9,p = 1.5, (c) different values of N, and Da at B, = 0.5,4; =1,
0.4M=1.2N,=0.5p=1.5,(d)different valuesof N;and g at B, = 0.5,4;, =1, N, = 0.5,

G, =
G, =

0.4M=1.2,Da=0.9.

Figure 11 illustrates the effect of the parameters
B, A1,G,,M, Ny, Da, N, and 8 on the pressure rise
Ap vs. Q. In (a) observed the influence of B, and 4,
on the pressure rise Ap vs. Q. One can depict here
that Ap goes down with the increasing B,, while if
B,=0.4, Ap increases with increasing of A; when
0<Q<0.1, and Ap decreases with the increasing A,
when 0.1<Q<1, if B,.=0.5, Ap increases with
increasing of A; when 0<Q<0.15, and Ap decreases
with the increasing A; when 0.15<Q<1, and if
B,=0.6, Ap increases with increasing of 4; when
0<Q<0.2, and Ap decreases with the increasing 4,
when 0.2<Q<1. Furthermore, if B.= 0.4 obtaining
Ap < 0 when Q < 0.1, if B.= 0.5 obtaining Ap <0
when Q < 0.15, and if B.= 0.6 obtaining Ap < 0
when Q < 0.2, otherwise Ap > 0. Observed in (b),
the behavior of Ap vs. @, under the variation of G,
and M. Observed here that Ap goes down with the
increasing G,, while if G,.=0.3, Ap increases with
increasing of M when 0<Q<0.3, and Ap decreases
with the increasing M when 0.3<Q<1, if G,=0.5, Ap
increases with increasing of M when 0<Q<0.5, and
Ap decreases with the increasing M when 0.5<Q<1,
and if G,=0.7, Ap increases with increasing of M
when 0<Q<0.6, and Ap decreases with the
increasing M when 0.6<@<1. Furthermore, at
M=1.1, if G,= 0.3 obtain the Ap <0 when Q <0.15,
if G.= 0.5 obtain the Ap < 0 when Q < 0.25, and if
G,= 0.7 obtain the Ap < 0 when Q < 0.3, otherwise
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Ap > 0. While at M=1.2, if G,= 0.3 then Ap < 0
when Q < 0.1, if G,= 0.5 then Ap < 0 when Q <
0.175, and if G,= 0.7 then Ap < 0 when Q < 0.25,
otherwise Ap > 0. In (c), observed that Ap rising up
with the increasing of N, while if N,=0.3, Ap
decreases with increasing of Da when 0<Q<0.4,
and Ap increases with the increasing Da when
0.4<Q<1, if N,=0.5, Ap decreases with increasing
of Da when 0<@Q<0.25, and Ap increases with the
increasing Da when 0.25<Q<1, if N,=0.7, Ap
decreases with increasing of Da when 0<Q<0.2,
and Ap increases with the increasing Da when
0.2<Q<1. Furthermore, at Da=0.8, if N,= 0.3
obtain Ap < 0 when Q < 0.2, if N,= 0.5 obtain Ap <
0 when Q < 0.1, and if N,= 0.7 obtain Ap < 0 when
Q < 0.1, otherwise Ap > 0. While at Da=1.1, if N,,=
0.3 then Ap <0 when Q <0.275, if N,= 0.5 then Ap
< 0 when Q < 0.2, and if N,= 0.7 obtain Ap < 0
when Q < 0.15, otherwise Ap > 0. Observed in (d),
that Ap goes down with the increasing of both
parameters N, and . Furthermore, at f=1.3, if N.=
0.3 have Ap > 0, if N;= 0.5 then Ap < 0 when Q <
0.05, and if N,= 0.7 then Ap < 0 when Q < 0.1,
otherwise Ap > 0. While at =1.5, if N,= 0.3 obtain
Ap <0 when Q <0.1, if N;= 0.5 have Ap < 0 when
Q <0.15, and if N;= 0.7 then Ap < 0 when Q < 0.2,
otherwise Ap > 0.
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Figure 11. pressure rise Ap vs. Q, at @ =0.15 for (a) different values of B,. and 4;at G, = 0.4, M =
1.2,N, =0.5,N; =0.5, Da=0.9,8 = 1.5, (b) different values of G, and M at B, = 0.5,4; =
1,N, =0.5N,=0.5Da =0.9,8 = 1.5, (c) different values of N, and Daat B, = 0.5,4; = 1,G, =
0.4,M=1.2,N,=0.5p=1.5, (d) different valuesof N;and g at B, = 0.5,4, =1, N, =0.5,G, =
0.4,M=1.2,Da =0.9.

Based on equation (33), Figs. 12 and 13
illustrate  the effect of the parameters
By, A4, G, M, Ny, Da, N; and B on the friction force
F vs. @ and Q, respectively. Figure 12 illustrates the
effect of the parameters B,, 14, G, M, N, Da, N, and
B on the friction force F vs. @. Observed that the
distribution of friction force gives an inverse

Ay ={1, 12}

T
-30 7|
--=-=-B,=05 )
—A0 ]
mmm= B =06
00 02 04 06 08 10
¢
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behavior compared to the distribution of pressure
rise versus the amplitude ratio factor. Also,
observed that the distribution of friction force gives
an inverse behavior compared to the distribution of
pressure rise versus the average flow rate Q in Fig.
13.

~
Gr=03 M={1,12} .0..~::.
~6D {==== G,=05 0%
==== G, =07 A
0 02 04 06 08 10
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1.2,N, =0.5,N, =0.5, Da=0.9,8 = 1.5, (b) different values of G, and M at B, = 0.5,
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Figure 13. Friction force F vs. Q, at @ =0.15 for (a) different values of B,. and 4;at G, = 0.4, M =
1.2,N, =0.5,N;, = 0.5, Da=0.9,8 = 1.5, (b) different values of G, and M at B,. = 0.5,4; =
1,N, =0.5N,=0.5Da =0.9,8 = 1.5, (c) different values of N, and Daat B, = 0.5,4; = 1,G, =
0.4,M=1.2,N,=0.5=1.5, (d) different valuesof N,and g at B, = 0.5,4;, =1, N, =0.5,G, =
0.4,M=1.2,Da =0.9.

Trapping phenomena:

The effects of @, 14, B8, By, G-, N;, Ny, Q, M and Da
on trapping bolus can be seen through Figs. 14 — 23.
Figure 14 shows that the size of the trapped bolus
grows and increases with the increasing of @, the
effect of A, on trapping bolus is similar to the effect
of @ on trapping bolus which can be seen in Fig. 15.
The effect of lateral walls on trapping bolus is
analyzed in Fig. 16. It can be deduced that the size
of the trapped bolus in the channel is contracted and
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decreases when B increases, also at 8= 1.535 the
upper bolus disappears while at =1.5545 the lower
bolus is disappeared. Figures 17 and 18 show that
the size of the trapped bolus shrinks and decreases
with the increases of B, and G,, respectively. The
effect of thermophoresis parameter N, on trapping
bolus is analyzed in Fig. 19. It can be deduced that
the size of the trapped bolus in the channel shrinks
and decreases when N, increases. While in Fig. 20
one can notice that the effect of the Brownian
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motion parameter N, on trapping is inversion of
effect of N, on the trapped bolus. The effect of Q on
the trapping is analyzed in Fig. 21, note that the
dose size increases and expands with an
increased Q. The effect of M on trapping analogous
to effect Q on trapping, Observe that in Fig. 22. And

the effect of Da on trapping bolus is analyzed in
Fig. 23. It can be deduced that the size of the
trapped bolus in the channel is contracted and
decreases when Da increases, also at Da= 1.191 the
upper bolus disappears while at Da= 1.241 the
lower bolus disappears.
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Figure 14. Streamlines for different valuesof paty =1, =0.1,6, =0.3,M =1.2,N, = 0.5,N, =
0.9,Da=0.9, B, =0.3,1; =0.6,8 = 1.2 for: (a) $=0.15, (b) =0.16 and (c) ©=0.17.
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Figure 15. Streamlines for different valuesof 4; aty =1, =0.1,6, =0.3,M =1.2,N, = 0.5,N, =
0.9,Da=0.9,B,,=0.3,0 =0.15,8 = 1.2 for: (a) 4,=0.6, (b) 4,=0.7 and (c) 4,=0.8.
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Figure 16. Streamlines for different valuesof Baty =1, =0.1,6,=0.3,M =1.2,N, = 0.5,N; =
0.9,Da=0.9, B, =0.3,0 =0.15,4; = 0.6 for: (a) p=1.2, (b) p=1.3 and (c) p=1.53.
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0.5,6,=0.3,Da=0.9, § =0.15,1, = 0.6, = 1.2 for: (a) N,=1, (b) N,=1.5 and (c) N,=2.

210N /0 =0
NOA N o

Figure 20. Streamlines for different valuesof Nyaty =1, =0.1,B, =0.2,M =1.2,N;, =
0.5,6,=0.3,Da=0.9, $=0.15,4; = 0.6, = 1.2 for: (a) Np=1, (b) N,=1.5 and (c) N,=2.
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Figure 22. Streamlines for different valuesof Maty =1,Q =0.1,B,. =0.2,N, = 0.5, N, =
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Figure 23. Streamlines for different valuesof Daaty =1,Q =0.1,B, =0.2,N, = 0.5,,N; =
0.5,6,=0.3,M=1.2, p=0.15,4; = 0.6, = 1.2 for: (a) Da=0.8, (b) Da=0.9 and (c) Da=1.19.

Concluding remarks:

The peristaltic flow of a nanofluid for Jeffrey
fluid is deemed in a cross-section of rectangular
porous medium duct to portray the mathematical
results under convection is the phenomenon of heat
transfer and the concentration of nanoparticles with
the magnetic field. Current analysis can serve as a
model that may help to understand the mechanism
of physiological flows in a loop for fluids acting
like nanofluids. From the mechanic’s point of view,
it is interesting to note how the peristaltic
movement of the applied pressure gradient is
affected. The exact expressions for axial velocity of
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the fluid, axial pressure gradient, pressure rise and
stream function are obtained analytically. All
governing equations are designed under the long
wavelength approximation and the number of
Reynolds negligible. The flow is measured in a
reference frame moving at constant speed C along
the axial direction of the canal. Analytical results
were obtained using the HPM and all physical
parameters affecting the phenomenon were
discussed. The main findings can be summarized as
follows:
1- The wvelocity is an increasing function vs.
?,Q,A; and M, respectively, but decreasing



Open Access

Published Online First: January 2021

Baghdad Science Journal

P-1SSN: 2078-8665
E-ISSN: 2411-7986

function vs. Da and B both for two and three
dimensional analysis.

The velocity is a decreasing function vs. N, G,
and By, respectively, when -0.5 < z < 0.5, while
the function is an increasing function when z € (-
1,-0.5) U (0.5,1).

The velocity is an increasing function vs. N,
when -0.5 < z < 0.5, while the function is a
decreasing when z € (-1,-0.5) U (0.5,1).

The temperature distribution is changing
inversely vs. @ and g, respectively. And the
discussion previously mentioned that
temperature curves decrease with increases in Ny,
and N; when -1 <z < 0 while increases when 0 <
z <1, respectively.

The nanoparticles concentration rising up with
the increase of N,, while it reveals opposite
relation with @, N, and S3.

The pressure gradient profile displays direct
relation with Q and Ny, while reverses variation
with A4, N, B, and G,. Also, the pressure
gradient profile directs with Da and reverses
with M in middle part of the canal, whilst in the
both sides the fact is reversed. Furthermore the
pressure gradient is positive in middle part of the
canal, whilst negative on both sides of the canal.
The peristaltic pumping rate increases vs. @ with
the increase in Ny, A4,G.,Da and B, while
decreases with the increase in B,,N; and M,
respectively. Moreover, observed that the
relationship between the pressure rise function
and the amplitude ratio parameter is a parabola.

The peristaltic pumping rate decreases vs. the
flux @, with the increase in N¢, B,, G, and f,
respectively, while increases with the increases
of in N,. Moreover, observed that the
relationship between the pressure rise function
and the flux is a linear. Also, it is concluded that
peristaltic retrograde pumping (Ap<0) occurs
when 0<Q<0.2, free pumping (Ap=0) occurs
near @=0.2 and peristaltic pumping region
(Ap>0) occurs when @>0.2.

The size of the trapped bolus is growing and
increasing with the increasing of @, Ny, 14,Q
and M, respectively, while the trapped bolus is
contracting and decreasing with increasing in
B,N;, B, G, and Da. In general, the size of
trapped bolus in upper half is greater than of
lower half.
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