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Abstract

The goal of the current investigation is to examine the impact of velocity slip and Joule heating effects on a particulate flow
through an asymmetric channel (convergent channel). The transformed governing equations are solved by employing the
shooting method. The impact of influential parameters on fluid as well as particle phases of velocity and temperature fields
has been analyzed graphically. The present results exactly match previously published results in some limited cases. In this
study, it is perceived that an augmentation in velocity slip leads to an increment in fluid velocity in the left half and a

diminution in the right half of the channel.
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1.0 Introduction

Flow through oblique walled channels has gained much
importance in distinct fields like gas compressors, fibre
manufacturing, metal casting, etc. Terril' was able to precisely
solve the problem of analysing the flow between non-parallel
walls. Yilmaz et al*> have done extensive research on channel
flow with slanted walls. Esmaeilpour et al® discussed the flow
in an asymmetric channel with suction and injection Copper
and graphene oxide hybrid nanofluid flow in non-uniform
tubes was explored numerically by Hafeez et.al®. In this
investigation, they noticed an increase in Reynolds number
along with an intensification in the velocity. The spectral quasi
linearization method was used by Mallikarjuna et.al.> to
analyse the heat transfer properties of nanofluids in a slanting
channel by taking into account stretching and shrinking,
Biswal et al.® investigated numerically the nanofluid flow
between slanting channels.

-
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The suspension of tiny particles in various fluids has
become increasingly important in technology recently. These
kinds of flows can be seen in the sedimentation of
erythrocytes, the cooling effects of air conditioning, etc.
Ramprasad et al.” used the shooting method to investigate
the impact of a magnetic field on particle movement. The
effect of radiation on particulate Casson fluid through the
non-uniform surface was discussed by Sadia et al.%. Using a
plate with wavy borders and a time-dependent buoyancy-
driven dusty Casson fluid, Hady et al.® conducted a numerical
investigation. Turkimazoglu'® explored numerically the heat
transfer analysis of particulate flow over a disk. The finite
difference method was used by Hosam and Mahdy'! to
examine the dusty micropolar fluid’s cone-shaped heat transfer
properties. A numerical exploration by Mallikarjuna et al.'? to
discuss the impact of radiation on buoyancy-driven
particulate fluid flow in a diverging channel. By taking into
account various pressure gradients, Rajesh Kumar et al.!?
were able to arrive at the numerical solution of unstable two-
phase flows in channels.
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Slip boundary conditions are useful for transport process
of food stuff, optical coatings, the reduction of friction, etc.
To discuss the slip effects on oblique walled channels,
Ramprasad et al.'* came up with a numerical solution. The
effect of radiation on particle flow in a channel was clearly
described by Mallikarjuna et al.!>. Ohmic heating is highly
useful in seawater desalination, incandescent light bulbs,
water distillation and food industry etc. Srinivasacharya and
Jagadeeshwar!® implemented the collocation method to study
the influence of joule heating in boundary layer. Chamkha et
al.!” implemented the Duan-Rach approach to obtain a
solution for hybrid nanofluid flow over parallel surfaces. In
this study it is concluded that escalating values of the
rotation parameter diminish the velocity of fluid. Swain et al.'®
succeeded in obtaining an analytical as well as numerical
solution to investigate ohmic dissipation effects on a sheet.
By taking joule heating into account, Umair et al.'” were able
to arrive at a numerical solution to compare the analytical
solution for nanofluid flow in an asymmetric channel. Asha
and Namrata®® adopted the homotopy perturbation Sumudu
transformation method to analyse the heat transfer effects in
a non-uniform channel. Khashi et al.?! deliberated numerically
hybrid nanofluid flow through a disk with suction and
injection.

From the above cited literature, one can confirm that no
one tried to investigate the particulate flow in a channel with
non-parallel walls by considering slip effects and joule
heating. The goal of the present investigation is to study the
influence of velocity slip and ohmic heating on particulate
flow through an asymmetric convergent channel. A numerical
solution is obtained using the RK-4 method with the aid of
shooting technique. The influence of pertinent parameters on
velocity and thermal profiles for both phases is analysed
graphically.

2.0 Problem Definition

The flow of incompressible hydromagnetic particles
suspended in a fluid via an asymmetric diverging channel is
modelled as a viscous, continuous, two-dimensional flow.
Figure 1 shows where the channel walls are located. At
different walls, varying suction/injection velocities are
anticipated. The temperature Tw of the channel walls is kept
constant. Normal application of a strong magnetic field /, is
made to the walls. First order velocity slip and ohmic heating
are also taken into consideration.
The governing equations are "'
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Figure 1: Flow sketch
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T Tp My 1

U =—(T, - T;,)
L r00 1 17 1p .. (8)
The boundary conditions are
U =-sl 20 U p=0at =zxa, Ur.0) =-ug
o
.9

Tl =T“-__T1P =Twp at @ =zxa

Non dimensional equations are

/"+2Re f;"—f”+Lﬁ(F’—f’)+(4 - M 2)]“:0 . (10)

rooRe i By

F'=2=LFF'=2(f = F) =0 (1)
("~ RPr{' +PrQt+ LBy Pl — 1)+ PrM2 /2 =0 .. (12)
T'—K(t-T)=0 . (13)

Associated boundary conditions are

(O ==E1'0), f(0)=-1, F(za)=0, 1(ta) =1, T(ta)=1 ... (14)

Skin friction Coefficient and Nusselt Number

4 (ol7 \J
=
Skin friction = (*J{_ - E - \mi i’:ta : Nusselt number
N
(2
=nNy="95 - 790 Jp=1a
kT, kT,

In non-dimensional form
Cr= Rif’(ta) and Nu=—"(zc)
. c
Code validation

Table 1: Comparison results of skin friction coefficient for
M=0, N=0, Gr=0, Pr=0, £=0, =1,/ =0, k=0 and a=%.

R Re Ramprasad et al. [7] Present Results
gfat = @ cj»at a qfat = @/ c/.at a
1 1 —3.01181  4.40237 -3.011034 4.40176
3 —3.23754  4.58254 -3.23687 4.58216

3.0 Results and Discussion

This section dedicated to discuss how emergent parameters
might affect particle phases as well as fluid velocity and
temperature distributions. By using the shooting method, the
altered equations (10) to (13) with (14) are solved. For
calculation purpose, the fixed values M=0.5, L=0.5, Re=0.5,

R=0.5, Pr=0.71, Q=0.5, « =%, £=10.5. Changes in velocity
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profiles due to increment in M are expounded in Fig.2(a). An
improvement in M leads to an enhancement in velocity in the
left part and a diminishment in the counterpart. But the
particle velocity shoots up as elucidated in Fig.2(b). From
Fig.3(a) it is clear that as M improves, the temperature profiles
get enhanced. Fig.3(b) reveals that the particle temperature
rises in 70% and decrease in the remaining part of the
channel. It is evident from Fig.4(a) as R increases the fluid
velocity magnified in the left half and drops in the right half.
But pronounced incline in the particle velocity is noted as
sketched in the Fig.3(b). For higher values of R, the fluid
temperature drops as reflected in the Fig.5(a). But a complete
opposite nature is observed for the particle temperature, as
portrayed in Fig.5(b).

An increment in Re leads to a drop in the velocity in the
first part, indicating the dominance of viscous forces, and an
enhancement in the velocity in the second half which shows
the dominance of inertial forces as reflected in the Fig.6(a).
But particle velocity drastically diminishes as depicted in the
Fig.6(b). Fig.7(a) manifests the impact of £ on f. An
amplification in fis discerned in the left half and a diminution
in f'is discerned in the right half. Particle velocity rises in the
complete channel as shown in the Fig.7(b). From the Fig.8(a)
it is clear that the large values of Pr cause an increment in ¢.
The particle temperature improves in 60% and drops in the
remaining part of the channel. It is articulate from Fig.9(a)
higher values of Q escalate the fluid temperature. From the
Fig.9(b) it is perceived that as Q enlarges the particle
temperature shoots up in the first half and gradually declines
in the second half.

As R, &, a improves C},boost up at the left wall and drops
at the right wall. An increment in M drops C, at the left
boundary and improves at the right boundary. An
augmentation in R and M surges Nu on both walls. An
enlargement in Q and Pr dwindles the Nu on the left wall and
rises on the right wall of the channel.

Graphs (Fig.2 to 9)

4.0 Concluding Remarks

The current investigation focused on the effects of velocity

slip and ohmic heating on the flow of particulates via an

asymmetric convergent channel. The important findings are :

* The temperature and velocity profiles of the particle phase
improve as R grows, despite the temperature of the fluid
lowers as R rises.

* Both the fluid temperature and particle velocity
dramatically increase as M increases.

* As the velocity slip parameter improves, fluid velocity
rises in the left part of the channel and falls in the right.

* As Prvalues rise, fluid temperature rises, whereas particle
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Figure 3: (a) Assesment of M on ¢

(b) Assesment of M on T
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Figure 4: (a) Assesment of R on f
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(b) Assesment of R on F
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Figure 9: (a) Assesment of Q on ¢ (b) Assesment of Q on T
Table 2: Skin friction and Nusselt number for various values of R, Re, M and L
R Re M L Cfat—a Cfata Nu at — o Nu at o
0.5 0.5 0.5 0.5 -2.08296 2.19176 -0.69263 0.95789
1.0 -1.75694 2.37401 -0.60943 1.05314
2.0 -1.49614 2.81673 -0.46823 1.23585
4.0 -1.62984 3.76677 -0.28316 1.52498
1.0 -2.31471 2.15482 -0.69742 0.95264
2.0 -1.89643 2.64194 -0.60057 1.02110
4.0 -1.59876 2.96764 -0.54317 1.32156
1.0 -4.64768 3.81476 -0.98674 1.76754
2.0 -5.17693 3.98676 -0.89674 2.17947
4.0 -8.16914 4.32671 -0.78674 3.84321
1 -3.14765 3.09671 -0.19476 1.13476
1.5 -4.96784 3.47654 -0.19384 1.13476
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Table 3: Skin friction and Nusselt number for various values of a, Q, Pr and &

& Q Pr a Cfatfa C}ata Nu at — o Nu at o
0.5 0.5 0.71 /6 -1.69874 5.67896 -0.56430 0.85436
1.0 -1.53474 5.13456 -0.56430 0.85436
1.5 -1.49174 4.99343 -0.56430 0.85436
2.0 -1.05143 4.76342 -0.56430 0.85436
1.0 -3.47695 3.89643 -1.34176 1.47681

1.5 -3.47695 3.89643 -2.11670 2.31043

2.0 -3.47695 3.89643 -2.68764 3.11075

1.5 -2.91473 3.46464 -0.86794 0.89643

2.0 -2.91473 3.46464 -0.96543 1.69543

3.0 -2.91473 3.46464 -1.35479 2.79564

/s -1.68475 6.58430 -0.56430 0.85436

/4 -1.23411 6.13631 -0.56430 0.85436

/3 -0.89472 5.45345 -0.56430 0.85436

temperature rises in the left portion of the channel and
declines in the right. Similar trends can be seen in the heat
source parameter.

* The Nu on the channel's left wall declines as a result of
an expansion in Q and Pr, while the Nu on the right side
rises.
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