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ABSTRACT

A mathematical modelfor magnetohydrodynamics (MHD) viscoelastic nanofluid flow approachinga linear horizontal circular cylinderhas
been constructed. The cylinder with constant heat flux is illustrated in the analysis wit magnetic field. We used the Tiwari and Das
Nanofluid model in this analysis to learn more about nanofluid effects, where sodium carboxymethyl cellulose with nanoparticles of
copper (Cu) was selected as a based fuid. Suitable transformations are used to turn dimensional linear equations into dimensionless
expressions.To address the governing dimensionlessissues, the Keller box method approachis implemented and executed. The effects
of a few chosen factors on flow and heattransmission are investigated. The coefficients of skin friction and heat transmissi on are provided
and analysed. The acquired findings are compared to the existing data in the limiting scenario, and there is a lot of consistency. It was
found that velocity, temperature, skin friction and heat transfer coefficients of viscoelastic nanofluid depend strongly on viscosity and
thermal conductivity together with magnetic field.
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1. Introduction

Heat transfer enhancement, augmentation, or intensification is a term used by researchers to
describe a variety of strategiesfor improving heat transfer performance. Therefore, the addition of
nanofluid in fluid flow is to enhance the heat transfer. The study on nanofluids have been studied
widely by Waini et al., Mahat et al., Patil et al., Murad et al., and Shorbagy et al. [1-7]. The study of
the flow of an electrically conducting fluid in a magnetic field is known as magnetohydrodynamics
(MHD). Fundamentally, magneticfields produce currentsin a flowing conductive fluid, whichtend to
form Lorentz force drag forces on the fluid flow. The fluid flow will be affected by the Lorentz force.
MHD is being used in astronomy and geophysics, nuclear fission and fusion, metallurgy, and direct
energy conversion, among other fields. Many researchers, such as Jamel et al., Hussain et al., Tlili et
al., Wakif et al., Hatami et al., Cao et al., Liagat et al., EI-Shorbagy et al. and Jamel et al. [8-14], have
undertaken extensive research on MHD of nanofluids. The benefits of MHD's influence on mixed
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convection flow viaa horizontal circular cylinderare evidentin the technology's growth in industrial
and technical applications. In the current research, the effects of MHD mixed convection of
viscoelastic nanofluid past a horizontal circular cylinder is theoretically investigated. The effects of
magnetic field, nanoparticle volume fraction and how these affect the thermal characteristics of the
system are of particular interest.

2. Methodology

The Cartesian coordinate (x, y) is used and the dimensional gravitational acceleration is
g, = gsin(i/a), where X is the distance from the lower stagnation point. The dimensional velocity
outside the boundary layeris T, (X)=U_ sin(X/a) and the constant free stream velocityis (1/2)U

as mentioned by Merkin [15]. Tiwari and Das model [16] has been chosenin thisstudyand the model
is defined as a single-phase model that use Brickman viscosity model. Under the above assumptions
and by considering the nanofluid model, the dimensional governing equations of momentum
equationand energy equation can be expressed as
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where K., is the thermal conductivity of nanofluid, Tis the fluid temperature and g, isthe constant

heat flux. The numerical values of the thermophysical properties of base fluid and nanoparticles are
givenin Table 1.

Table1l
Thermophysical properties of nanoparticles and base fluid
Physical Properties p(kg m-3) C, (J kg-lK-l) k(Wm‘lK‘l) Bx10° (K-l)
Base Fluid (CMC) 997.1 4179 0.613 21
Nanoparticle (Cu) 8933 385 401 1.67

The dimensionless variables are introduced to simplify the complexity of the governing equations.
Based on Anwar et al. [17], the dimensionlessvariables are defined as
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X=X/a, y=ReV2(7/a) u=a/J,, v=Re**(V/U,),

U (x)=0,(X)V,., o=(T-T,)/(T, -T.),
where Re is Reynolds number. By substituting Eq. (5) into Egs (1) - (3), the dimensionless system
belowis yielded

(5)
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with the new boundary conditions as

u=0, v=0, %z—l, at y=0,x>0,
oy

(9)
u=u,(x), a—u=0, 6=0, as y —0,X>0,

where Pr=4,C_/k; is Prandtl number, M =aBoza/prw is magnetic field, K:koUw/,ufa is

viscoelasticparameter,and A is mixed convection parameter.
3. Mathematical Solution

In order to solve Egs. (6) to (8), subject to the boundary conditions (9), the following variables
have been considered

w=xF(X,y), 0=0(xy), (10)
are introduced where v is the stream function defined as
MU (11)
oy OX

By substituting Egs. (10) and (11) into Egs. (6) to (8), obtained
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which are subject to the following boundary conditions
F=0, a—F:O, %:—1, at y=0,x>0,
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When X=0, Egs. (12) and (13) reduce to the following ordinary differential equations:
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4, Results

The behavior of fluid flow for viscoelasticnanofluid affected by magnetic field M is analyzed. The
validation for numerical solutionsis done by comparing the skin friction and heat transfer coefficients
with the results from Nazar et al. [18]. Good agreements have been obtained from the results as

shown in Table 2.

Table 2

Comparison values of heat transfer coefficient when K =0, Pr=1, ¢=0, M =0, and different values of 1

A Nazaretal. [18] Present f”(0) Nazar etal. [18] Present 6(0)
-0.2 1.0340 1.033028 1.8157 1.816890
0.4 1.5747 1.573759 1.7018 1.702823
3.0 2.4913 2.489892 1.4015 1.402232
10.0 5.7730 5.777805 1.1770 1.178456
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Figures 1-2 demonstrate how skin friction and heat transfer coefficients vary with M. Skin friction
rises as M increases, as shown in Figure 1. Figure 2 shows, however, that heat transport reduces as M
increases. Figures 3 and 4 depict the effects of M on velocity and temperature curves. As the value of M
increases, the fluid velocity decreases (see Figure 3). Lorentz force is created by the existence of a
transverse magnetic field that acts parallel to the flow. The flow is then slowed due to the resistance
caused by this force. It's worth noting that this force has an unusual effect. It's worth noting that this
force causes the fluid to sufferresistance by increasing friction betweenitslayers, which causes the
flow's temperature to rise, as seenin Figure 4. The temperature profile climbs significantly as the M
valuerises.

4. Conclusions

The conclusions drawn from this modern research are as follows: Velocity slows down and
increase with augmentation in magnetic parameters. In the meantime, skin friction increases while
heat transfer coefficient decreases forthe increasingvalues of M.
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