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sometimes costly and hazardous, the study via mathematical approach is necessary to

counter the limitations. Hence, this paper aims to investigate the flow at lower

stagnation point over a horizontal circular cylinder on Brinkman Viscoelastic fluid

embedded in porous medium. Mathematical model is constructed in terms of partial

differential equations with some physical conditions to represent the condition of the

problem. An appropriate non-dimensional variable is introduced to transform the

model into the solvable system, which is in less complexity, and then the system is

solved using the Runge-Kutta-Fehlberg method. The numerical solutions for the

temperature and velocity profiles as well as skin friction and heat transfer coefficient

are computed and presented in graphical and tabular form. The feature of the flow and

heat transfer characteristics for various values of mixed convection, Brinkman and

viscoelastic parameter are analysed and discussed. This study has found that the

Keywords: incremented Brinkman and viscoelastic parameter have declined the fluid velocity
Lower stagnation point; horizontal while opposite trend is observed for temperature distribution. The theoretical results
circular cylinder; fluid flow; porous produced are relevance to researchers and engineers. It can be used for comparative
medium purposes in data validation or experimentation study.

1. Introduction

The convective of heat transfer in porous medium has been a topic of interest by numerous
industrial applications. For example, the applications in various discipline such as the packed sphere
beds modelling, the coating of wires and petroleum reservoirs. The understanding of heat transfer
and characteristic of fluid flow are very important to produce the desirable output. About a dozen
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articles have been published on convective boundary layer problem from different surface geometry,
for instance Arifin et al., [1], Dasman et al., [2], Kasim et al., [3], Zokri et al., [4], Nazar et al., [5],
Anwar et al., [6], Tham et al., [7], Kasim and Shafie [8], and Tlili [9].

In general, the lower stagnation point flow over a horizontal circular cylinder occurs when the
vertical flow first reaches the bottom of the cylinder. The demand for mixed convection in industrial
processes has increased tremendously over the last decade. The effect of the buoyancy force
becomes significant due to the temperature difference that is described by mixed convection flow.
There have been many studies focusing on the flow of mixed convection over a horizontal circular
cylinder. Nazar et al., [10] investigated how the control parameters give impact to the characteristics
of fluid flow and heat transport. Subsequently, Tham et al., [11] used the Buongiorno-Darcy model
to investigate the flow of both heated and cooled cylinder embedded in a porous medium filled with
nanofluid. The research on the flow over a horizontal circular cylinder was then improvised by Zokri
et al., [12] where the model of Jeffrey nanofluid is deliberated. Anwar et al., [13] examined the flow
in viscoelastic fluid at constant temperature, whereas Ishak et al., [14] found the dual solutions in
flow of micropolar fluid. Moreover, Aziz et al., [15] studied the flow of viscoelastic micropolar fluid
flow with the effect of magneto-hydrodynamic. Later on, Aziz et al., [16] concentrated on the
development model of viscoelastic fluid with the influence of microrotation. Besides, Mahat et al.,
[17] investigated the flow in viscoelastic nanofluid by considering constant wall temperature. Under
the similar problem, Mahat et al., [18] concentrated on the heat generation and flow of thermal
performance with convective boundary condition.

Nowadays, the flows through porous medium have gain attention in industrial and engineering
applications such as filtration process, drying of porous materials and purification process. The
Brinkman model is one of the classical models that have been considered in porous medium for high
porosity flow [19-22].

Inspired by the study in literature, this study aims to investigate the flow at lower stagnation point
by considering the mixed convection Brinkman Viscoelastic model. The solutions are attained using
the Runge-Kutta-Fehlberg-Method and the analysis focused on the effects of mixed convection,
brinkman and viscoelastic parameters over velocity and temperature profiles.

2. Mathematical Formulation

Present investigation considers the steady mixed convection boundary layer flow past a
horizontal circular cylinder of radius a embedded in a porous medium. It is stated that T, and T,

are the constant surface and ambient temperature, respectively, where T ,>T  represents the
assisting flow and T, <T_ indicates opposing flow. The free stream velocity, %UOc is moving vertically

upwards over the cylinder and the gravitational acceleration is denoted as g . Figure 1 shows the
physical model of the problem and coordinate system. From the lower stagnation point, X and y
are measured which is X =0 and ¥ is normal to the cylinder surface.
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Fig. 1. Physical model and coordinate system
The governing equations under the boundary layer approximation are
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with the boundary conditions
(5)

for which p=p_ |:1—ﬂ(T —Tw)j and the components of velocity along X and y axes are stated as O

and V respectively. Next, 1, K, ¢, Kk,, o, p, B, T,and ¢, are the respective dynamic viscosity,
permeability of porous medium, viscoelasticity, fluid density, pressure, thermal expansion
coefficient, fluid temperature, and effective thermal diffusivity of porous. The external velocity flow
is denoted as T,(X)=U,sin(X/a). Eq. (1) to (5) are transformed into dimensionless form by

introducing the non-dimensional variables as follows

x=X/a, y=Pe’(y/a), u=u/U_, v=Pe">({¥/U), (6)
O=T-T)/(T,-T.), u(X)=0,(x)/U,,
where Pe=U _a/«,, is modified Péclet number for porous medium. From Eq. (2) and (3), pressure, p

is eliminated and the boundary layer approximation Pe — o is considered. Substituting Eq. (6) into
Eqg. (1) to (5) yield

a_uq_ﬂzoy (7)
ox oy
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u=0, v=0, 6=1 aty =0,

u—u, v—>0, -0 asy — oo, (10)
Integrating Eq. (8) and applying the similarity transformation variables

y=xf(xy), 0=0(xy), (11)
where y implies the stream function while @ is the temperature of fluid defined as u =Z—‘/; and

v=—2—w. Eq. (7) is completely fulfilled. Substituting Eq. (11) into Eq. (8), (9), and (10) lead to
X
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At the lower stagnation point of circular cylinder (x~0) Eq. (12) to (14) are reduced to ordinary
differential equations as follows

FroTf =g 267 1)~ (£7) [-1-20=0, (15)

0"+ 16 =0. (16)
subjected to boundary condition

f(0)=0, f'(0)=0, 6(0)=1

(17)
f'(0) >1, f"(0)—>0, 6O(x)—>0

. . o . Da_ . .
where primes represent the differentiation with respect to y, I'=——Pe is Brinkman parameter,

gK,b’(TW —Tm)a

Da:£2 is Darcy number, /1:E is mixed convection parameter, Ra= is Rayleigh
a Pe av
k,KU_Pe . ,
number, and k, =——=%— is Viscoelastic parameter.
ua

3. Results and Discussion

The Eq. (15) and (16) with boundary conditions (Eq. (17)) were solved numerically using Runge-
Kutta-Fehlberg-Method for various values of mixed convection parameter, A, Brinkman parameter,
', and Viscoelastic parameter, k;, which is programmed in Maple software. In this study, the

boundary layer thickness in the range of 4 to 10 are used to fulfill boundary conditions asymptotically.
The fixed parameters of mixed convection used in the simulations are A =1 for assisting flow, except
otherwise stated. For validation purposes, the comparison of the present study has been made with
the existing publication documented by Nazar et al., [23] as depicted in Table 1. The result shows a
strong agreement, and this gives the authors confidence that the computation proposed is accurate.

In Figure 2, the behaviour of velocity f'(7) and temperature profile (1) of fluid were observed

with changes in the value of T". It is noticed that in Figure 2(a), the velocity profile decreases as I
increases due to drag force improvement. Further, increasing the value of I'in Figure 2(b) growth

60



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 87, Issue 2 (2021) 56-65

the temperature profile accordingly. Note that when the thickness of thermal boundary layer is
increased due to T, the temperature at the wall is high.

Table 1
Comparison between the present result and the existing publications for values of f"(0) and —€'(0) with

I'=0.1, k, >0 (very small) and various value of 2=1

A Nazar et al., [23] Present

f"(0) -0'(0) f"(0) -0'(0)
0.5 4.3999 0.7240 4.3999 0.7239
1 5.5923 0.7791 5.5922 0.7790
2 7.8768 0.8706 7.8767 0.8705
3 10.0613 0.9460 10.0612 0.9458

0.8

0.8
T=01.020510 20

0.6+ 0.61

8(n)
r(n) T=01,02,05 10,20
0.4- 0.41
0.2 0.2
0 . 0
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
n n

Fig. 2. Effect of I"on f'(77) and 6(n)

Figure 3 illustrates how the viscoelastic parameter k; influences the fluid of temperature and
velocity profiles. Based on Figure 3(a), for larger k, the velocity of the fluid is seen to decrease. It
indicates that the velocity slows down as the viscosity increases. Meanwhile, in Figure 3(b), the
temperature profile shows the reverse trend for the increment of k;. This phenomenon physically
happens due the viscosity and elasticity properties.

0.8
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7(n) a(n)

0.4

Kl=05152530135

Fig. 3. Effect of K on () and 6(77)
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Figure 4(a) depicts the nature of varying A values in velocity and temperature profiles. The
velocity profile is observed to boosts as A grows. Owing to favorable buoyancy effects, the fluid
velocity rises within the boundary layer flow. It is also identified that the velocity profile is overrun
for high 1. Contrary trends have been observed for temperature profile. Figure 4(b) shows the
reduction of convective heat transfer as the A increases, thus lowering the temperature.

0.8+
A=1,1.5.20,3.0. 40

0.6+ 0.6
r(n) e(n)
0.4+ 0.44
A=1.1520.30.40
0.2- 0.2
o 0
o 1 2 3 4 5 6 7 8 o 1 2 3 4 5 6 7 8
mn n

Fig. 4. Effect of 1 on f'(57) and 6(77)

Figure 5 displays the behavior of velocity profile for both Brinkman and Brinkman viscoelastic
fluid when A =1. It is observed that for Brinkman fluid, there exist an acceleration of the velocity
profile compared to Brinkman viscoelastic fluid. It can be concluded that the velocity profile for
Brinkman viscoelastic fluid is slower than the Brinkman fluid. This phenomena clearly shows the
significance of fluid viscosity that will affect the velocity profile.

|— Brinkman — — Brinkman Viscoela s’ric|

S(n)

3 Bl 5 6 7 8
n

Fig. 5. Comparison between Brinkman fluid and Brinkman
viscoelastic fluid on f'(n)for 1=1

<
—
[

Table 2 tabulates several parameters on the numerical values of skin friction and heat transfer
coefficient. It is described that, for larger values of A, the skin friction, and heat transfer will boost
up. The increase in buoyancy force accelerates the fluid velocity as well as skin friction of the fluid. In

62



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 87, Issue 2 (2021) 56-65

contrast, the decrease in thermal boundary layer thickness as can be seen in Figure 4(b) will increase
the heat transfer. Meanwhile, as T"and k; increase, the skin friction is decreased and weak heat

transfer is detected.

Table 2
Numerical values of f”(0) and —6(0) for various 2, ' and Kk,
A r k, f"(0) -60(0)
1.0 0.1 1.0 1.30573 0.53880
15 1.46679 0.55550
2.0 1.61300 0.57003
3.0 1.87362 0.59458
4.0 2.10400 0.61499
1.0 0.1 0.3 2.17106 0.61492
0.2 1.95391 0.60507
0.5 1.57133 0.58138
1.0 1.24294 0.55292
2.0 0.92806 0.51575
1.0 0.1 0.5 1.76434 0.58300
15 1.08638 0.51297
2.5 0.85652 0.48091
3.0 0.78582 0.46966
3.5 0.73029 0.46025

4. Conclusions

The problem of steady mixed convection boundary layer flow at lower stagnation points of a
horizontal circular cylinder embedded in porous medium under the Brinkman Viscoelastic fluid model
has been investigated numerically. It can be inferred that the principle of Brinkman theory and
viscoelastic knowledge give a significance effect to the fluid flow characteristics. In general, increasing
the Brinkman and viscoelastic parameters will retard the fluid velocity. Oppositely, the temperature
distribution increases owing to increment in Brinkman and viscoelastic parameter.
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