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A mathematical model for viscoelastic nanofluid flow approaching a linear horizontal 
circular cylinder in magnetohydrodynamics (MHD) has been developed. In the 
analysis, the cylinder with a constant heat flux is shown with a magnetic field. In this 
research, we employed the Tiwari and Das Nanofluid model to learn more about the 
impacts of nanofluids, and sodium carboxymethyl cellulose containing copper (Cu) 
nanoparticles was used as the base fluid. Dimensional linear equations are converted 
into dimensionless expressions using the appropriate transformations. The Keller box 
technique approach is used to handle the governing dimensionless concerns. 
Investigations are conducted on how a select few parameters affect flow and heat 
transfer. It includes and analyses the skin friction and heat transfer coefficients. When 
the obtained results are compared to the available data in the limiting situation, there 
is a great deal of congruence. It was discovered that the viscoelastic nanofluid's 
velocity, temperature, skin friction, and heat transfer coefficients heavily depend on 
the viscosity and thermal conductivity combined with the magnetic field and 
nanoparticles volume fraction. 
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1. Introduction 
 

Heat transfer enhancement, augmentation, or intensification is a term used by researchers to 
describe a variety of strategies for 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, magnetic fields produce currents in a flowing 
conductive fluid, which tend 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 
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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., Liaqat et al., El-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 convection flow via a horizontal circular cylinder are evident in 
the technology's growth in industrial and technical applications.  

The geometry for this study has been a horizontal circular cylinder since it is often utilized by 
researchers and has a wide range of technical and industrial applications. Therefore, the cylinder 
must be longer to get a steadier, consistent, and effective result [15]. This is because it could lessen 
the flow's potential impacts of drag or turbulence [16]. The flow and heat transfer via a horizontal 
circular cylinder have been the subject of several theoretical and experimental research. A regular 
occurrence in many industrial processes, fluid flow and heat transfer past circular cylinders have 
drawn a lot of attention in the literature. 

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 

 sin ,xg g x a  where x  is the distance from the lower stagnation point. The dimensional velocity 

outside the boundary layer is    sineu x U x a  and the constant free stream velocity is  1 2 U

as mentioned by Merkin [17]. Tiwari and Das model [18] have been chosen in this study and 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 equation and energy equation can be expressed as: 
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where nfk  is the thermal conductivity of nanofluid, T is the fluid temperature and 
wq  is the constant 

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

Table 1 
Thermophysical properties of nanoparticles and base fluid 
Physical Properties  3kg m 

  1 1J kg KpC  
  1 1Wm Kk  

  5 110 K   

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., [19], the dimensionless variables are defined as: 
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where Re is Reynolds number. By substituting Eq. (5) into Eqs. (1) - (3), the dimensionless system 
below is yielded: 
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with the new boundary conditions as: 
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where Pr f p fC k  is Prandtl number, 
2

o fM B a U    is magnetic field, o fK k U a  is 

viscoelastic parameter, and   is mixed convection parameter. 
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3. Mathematical Solution 
 

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

 

 , ,xF x y     , ,x y                                                                                       (10) 

 
are introduced where   is the stream function defined as: 
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By substituting Eq. (10) and Eq. (11) into Eqs. (6) - (8), obtained: 
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which are subject to the following boundary conditions: 
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 When 0x  , Eq. (12) and Eq. (13) reduce to the following ordinary differential equations: 
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with the boundary conditions: 
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4. Results  
 

The behavior of fluid flow for viscoelastic nanofluid affected by magnetic field M is analyzed. The 
validation for numerical solutions is done by comparing the skin friction and heat transfer coefficients 
with the results from Nazar et al., [20]. Good agreements have been obtained from the results as 
shown in Table 2. 

 
Table 2 

Comparison values of heat transfer coefficient when 0K  , Pr 1 , 0  , 

0,M   and different values of   

  Nazar et al., [20] Present  0f   Nazar et al., [20] Present  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 

 
Figures 1 and Figure2 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. Figure 3 and Figure 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 suffer resistance by increasing friction between its 
layers, which causes the flow's temperature to rise, as seen in Figure 4. The temperature profile 
climbs significantly as the M value rises. 
 

 

 

 
Fig. 1. Variation values of M for skin friction 
coefficient 

 Fig. 2. Variation values of M for heat transfer 
coefficient 
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Fig. 3. Variation values of M for velocity profile  Fig. 4. Variation values of M for temperature 

profile 

 
Figure 5 and Figure 6 illustrates the effects of the nanoparticles volume fraction,   on the 

temperature and velocity curves. The graphic shows that the velocity profile starts to decline as the 
temperature profile rises with time. Physically, the basic fluid becomes more viscous when the 
nanoparticles   are added, slowing the fluid flow. The thermal boundary layer steadily grows, as seen 

in Figure 6. This behaviour is consistent with the physical prediction that an increase in causes the 
fluid's temperature to rise by improving the fluid's thermal conductivity. 
 

 

 

 
Fig. 5. Variation values of   for velocity profile  Fig. 6. Variation values of   for temperature profile 

 
Figure 7and Figure 8 plots the impacts of the nanoparticles volume fraction acting on the fluid as 

well as the coefficients of skin friction and heat transmission. According to observations, the values 
of skin friction and heat transfer coefficient, improve when the nanoparticles volume fraction 
increases. As the nanoparticles volume fraction rises, the fluid's thermal conductivity improves, 
increasing the coefficients of skin friction and heat transfer. 
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Fig. 7. Variation values of   for skin friction 

coefficient 

 Fig. 8. Variation values of   for heat transfer 

coefficient 

 
5. 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 for the increasing values of M. Besides that, velocity decrease as 
the nanoparticles volume fraction increase. Other than that, the distributions are increase as the 
nanoparticles volume fraction increase. 
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