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This article presents a numerical investigation of mass and heat transfer effects on an unsteady 
Magnetohydrodynamic (MHD) nanofluid flow in a permeable pipe. The influences of the chemical 
reaction and magnetic flux are considered. With the central finite-difference technique, the fundamental 
equations are discretized. The resulting equations are solved numerically using methods of lines, bvp4, 
and shooting methods. The influences of material factors on the solution are investigated and 
displayed through tabular and graphical illustrations. The study revealed that the Sherwood number, 
skin friction, and rate of heat transfer are all decreased by an increase in the magnetic field. 
Additionally, the rate of rise of the chemical reaction and Brownian motion is observed to reduce the 
concentration of the nanofluid. Furthermore, the study finds that the Soret number, porosity medium 
resistance parameter, and thermophoresis parameter all cause the concentration profile to climb; while, 
increasing the pace of the chemical reaction and brown mobility leads the profile to decline.  
 
Key words: Chemical reaction, porous medium, magnetohydrodynamic (MHD, nanofluid. 

 
 
INTRODUCTION 
 
Nanofluids are the type of fluid that contains ultrafine 
nanoparticles suspended in common fluids such as 
water, ethylene glycol, and propylene glycol. They are 
applied to improve these base fluids' thermal conductivity. 
In the same transfer of heat apparatus, Nanofluids are 
the   type   of  fluid  that  contains  ultrafine  nanoparticles  
 

suspended in common fluids such as propylene glycol, 
ethylene glycol, and water. They are applied to improve 
these base fluids' thermal conductivity in the same heat 
transfer experiment; it was found that the thermal 
conductivity of nanofluids exceeded that of conventional 
fluids   by  threefold    (Choi   and   Eastman,  1995).  The  
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transfer of heat and flow properties of nanofluids has 
been studied in many investigations.  

Khan and Pop (2010) observed that the decreased 
Nusselt number declines while the reduced Sherwood 
number increases when the Prandtl number, 
thermophoresis parameter, and Brownian motion 
parameter grow. High Lewis and Rayleigh numbers result 
in the homogeneity of nanoparticle dispersion, as 
demonstrated by Kuznetsov and Nield (2010) in their 
study. In a partially open trapezoidal cavity, Sheremet et 
al. (2018)  investigated the natural convection of water-
based nanofluids under Brownian diffusion and 
thermophoresis. In their examination of the 
magnetohydrodynamic physical phenomenon, the flow of 
nanofluids across an exponentially stretched sheet, 
Reddy et al. (2019)  came to the conclusion that as the 
parameter for the viscous ratio is increased, the 
coefficient of skin friction falls. In their study of the effects 
of nanoparticle slip mechanisms on the inherent heat 
transfer properties of nanofluids in an enclosure (Amidu 
et al., 2021) studied the influence of the causes of 
nanoparticle slip on nanofluids' characteristics of natural 
heat transfer in an enclosure, concluding that 
thermophoresis diffusion enhances the transfer of heat. 
Khan et al. (2022) investigated the behavior of a 
squeezing flow of hybrid nanoparticles in the presence of 
an electric field. The results showed that increasing the 
value of the suction/injection parameter resulted in a 
gradually opposite behavior of the velocity profile. 

The heat transfer process through unsteady 
Magnetohydrodynamic (MHD) flow over various surfaces 
has garnered significant importance recently (Dhanalaxmi, 
2015). The research investigated the impact of heat and 
viscous dissipation on an unsteady MHD flow over an 
extended surface. The results of the study revealed that 
with an increase in magnetic parameters, both the 
Nusselt number and the skin friction decreased. Makinde 
et al. (2019) studied the impacts of the heat source on an 
unsteady MHD inflow of a non-Newtonian nanofluid in a 
permeable medium. The findings demonstrated that as 
magnetic parameters are increased, the Grashof and 
Nusselt number drop. The rate of constant laminar of 
magnetohydrodynamic fluid via a permeable pipe bedded 
in a previous material was studied by Barik et al. (2018). 
They found that as the magnetic and porosity parameter 
values rise, axial haste diminishments. The inspiration of  
MHD on heat radiation in free convection flow via a 
perpendicular plate has been investigated by Abdullah et 
al. (2019). The findings indicate that MHD's impact on 
fluid flow arises as a magnetic parameter effect. The 
magnetic field causes a decrease in the flow of the fluid. 
Additional research can be located in the works of 
Zubaidah and Kechil (2019) as well as Khan and Rashad 
(2017). Sharma et al. (2023) used response surface 
methods to investigate the heat transfer rate of MHD 
nanofluid blood flow via a stenosed composite artery with  
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hematocrit-dependent viscosity and the Hall effect. The 
results reveal that when the Hall parameter grows, the 
Nusselt number drops, indicating that heat transmission 
reduces as electromagnetic force increases. Saeed et al. 
(2022) investigated the theoretical study of the physical 
properties of an unsteady, squeezing nanofluid. The 
thermophoresis and Brownian motion play critical roles in 
the nanofluid concept. The result showed that when the 
squeezing number is reduced, the velocity and 
temperature profiles increase, while the concentration 
profile drops. It further demonstrated that when the 
Prandtl number increases, the temperature profile drops, 
whereas the concentration profile exhibits the reverse 
trend. 

Arulmozhi et al. (2022) investigated the effects of 
thermal radiation and chemical reactions on the MHD 
free convective heat and mass transfer effects of a 
nanofluid on an infinite moving upright plate. The results 
demonstrated that as the volume proportion of the solid 
particle grows, so does the velocity. 

Engineers and scientists benefit significantly from the 
study of mass transfer and heat. This is due to its 
widespread usage in many fields of science and 
engineering, including thermal energy storage, plastic 
melting, solar collectors, paper manufacture, engine 
cooling, etc. (Elbashbeshy et al., 2018) studied the 
numerical transfer rate of heat and mass through a 
stretched area with different values of thickness buried in 
a permeable medium using a Maxwell nanofluid. 

Keshtkar and Ghazanfari (2017) discussed the impact 
of a magnetic field on fluid flow and transfer of heat inside 
a 2D enclosure. They come to the conclusion that as the 
Darcy number rises; permeability naturally rises, 
increasing convective heat transfer. 

Boukerma and Kadja (2017) investigated the impact of 

ethylene glycol-base,     and        nanofluids on the 
heat transmission in a cylinder. They reveal that the 
coefficient of transfer of heat rises along with the 
nanoparticle size and Reynolds number. Haile  and 
Shankar (2014) and Humane et al. (2021) analyzed the 
transmission of heat and mass in the boundary film 
stream of an unstable viscid fluid across a stretched pane 
in the presence of radiation, chemical reaction, heat 
production, and magnetic field.  The results reveal that 
the unsteady flow exhibits a coefficient skin friction, 
mass, and heat transmission rate that is greater than the 
equivalent fragments of the numbers under steady-state 
conditions. 

Also, Mahabaleshwar et al. (2021) investigated the 
impacts of a stretching/shrinking sheet on an angled 
magnetic field, as well as heat transmission of an MHD 
fluid. The results establish that the growth in the radiation 
promotes heat diffusion, which causes the temperature to 
rise through the laminar boundary layer. Muyungi et al. 
(2022) investigated how Navier's boundary condition and 
skin friction affected the  movement  of  a  nanofluid  in  a  
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permeable pipe. They establish that the increasing 
Reynolds amount increases temperature and velocity. 
However, a rise in the Navier slip parameter leads to a 
drop in temperature and a slowing of velocity. Mjankwi et 
al. (2019) used unsteady MHD to examine the flow of a 
nanofluid with different properties of the fluid as it ran 
over an inclined stretched sheet in the existence of 
chemical processes and radiation. They took into account 
the impact of fluid characteristics on diffusion coefficient 
and thermal conductivity. The findings imply that 
concentration declines as the chemical reaction 
constraint increases. 

Due to its application in several industries, including 
chemical, power, cooling, flow in a desert cooler, and 
other uses, it is crucial to investigate how chemical 
reactions affect the transfer of heat and mass stream. 
Das et al. (2020) studied the MHD boundary layer drift, 
and heat transfer characteristics of nanofluids across a 
stretched sheet in a permeable medium. The results 
show that a decrease in diffusion is implied by an 
augmentation of the chemical reaction variable in the 
flowing ground, which lowers the velocity and 
temperature profiles. Kandasamy et al. (2006) explored 
the influences of heat, mass transfer, and chemical 
processes, on natural convection near a porous wedge 
surface considering suction or injection. After 
investigation, the findings reveal that in the existence of 
homogeneous heat radiation, fluid concentration rises as 
the chemical reaction intensifies while fluid velocity and 
temperature fall.  Additionally, they draw the conclusion 
that skin friction is observed to grow as chemical reaction 
rises in suction and injection. Arifuzzaman et al. (2018) 
investigated the impacts of mass diffusion, radiation, and 
transfer of heat, on the unsteady fluid flow through a 
vertical permeable plate. They observe that whereas 
concentration profiles decrease with an increase in 
chemical reaction parameters, the order of chemical 
reaction parameters rises. Rao and Deka (2023) 
investigated the heat and mass transport of a Williamson 
nanofluid flowing in a two-dimensional, unstable MHD 
flow over a porous, vertically moving cylinder. The 
findings showed that while increases in the Prandtl 
number had the opposite impact, increases in the 
Brownian motion, thermophoresis, and radiation 
parameters all result in a higher temperature profile for 
the nanofluid. The constant flow of convective fluid 
through a porous region with a diffusion-thermo was 
investigated by Obulesu et al. (2021). The findings 
demonstrate that the temperature declines with increasing 
Prandtl quantity, radiation, and Heat source specification. 
The impact of the magnetic field, thermal radiation, 
permeable media, and chemical reaction on the heat and 
mass transfer of a steady, laminar, and 2D nanofluid flow 
was investigated by Sadighi et al. (2022). The results 
demonstrate that by increasing viscous dissolution, the 
nanofluid efficiency is increased by  absorbing  heat  from  

 
 
 
 
the thermal boundary layer. Recent years have seen 
continued interest in this area of review (Nayak et al., 
2016; Aly et al., 2020). 

Innovation across a range of areas was the inspiration 
for this inquiry. There are currently no published studies 
in the consulted literature on the concept of the mass and 
heat transfer effect in an unstable MHD nanofluid flow 
through a pipe filled with porous materials of uniform 
porosity while taking an externally applied, strong radial 
magnetic field into consideration. 

 
 
Design of a mathematical model 

 
Figure 1 shows how the problem that was the subject of 
this article is configured. Considered to be an unstable 
flow is the two-dimensional inflow of an electrically 
conducting, viscous, incompressible, laminar fluid along 
the direction chosen as the axis of a permeable pipe. A 
constant-intensity magnetic field is also applied vertically 
to the pipe as a chemical reaction also occurs. 

The following equations are responsible for governing 
the flow of the fluid: 
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The initial and boundary conditions for the present 
problem are as follows: 
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Figure 1. An illustration of the problem's schematic. 
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Substituting the dimensionless parameters of Equation 8 
in Equations 1 to 7, results in Equations 9 to 15; 
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The Equation 16 provides the skin friction (𝐶 ) and 

Nusselt number (  ), and Sherwood number (  )  as 
crucial physical parameters that must be considered in 
this study: 
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Where     and   are mass and heat fluxes at the surface 
respectively and    is the wall shear stress. They are 
defined as in Equation 17:  
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Table 1. Comparison value of dimensionless velocity and dimensionless concentration function by three different schemes. 
 

 

  

dimensionless velocity function   dimensionless concentration function   

Methods of lines bvp4c Shooting Methods of lines bvp4c Shooting 

0 0 0 0 1.576953 1.576954 1.576830 

0.1 0.173305 0.173305 0.173322 1.577151 1.577153 1.577029 

0.2 0.167512 0.167512 0.167529 1.577743 1.577744 1.577621 

0.3 0.158107 0.158107 0.158123 1.578725 1.578727 1.578603 

0.4 0.145247 0.145247 0.145263 1.580096 1.580098 1.579974 

0.5 0.129052 0.129051 0.129065 1.581854 1.581855 1.581731 

0.6 0.109606 0.109606 0.109617 1.583996 1.583997 1.583873 

0.7 0.086965 0.086960 0.086973 1.586521 1.586523 1.586399 

0.8 0.061155 0.061155 0.061161 1.58943 1.589431 1.589307 

0.9 0.032175 0.032175 0.032178 1.59272 1.592721 1.592597 

1 0 0 0 1.596392 1.596394 1.596269 

 
 
 
NUMERICAL METHOD 
 
The non-linear Equations 10 to 12 with initial and boundary 
conditions. Equations 13 to 15 are discretized into finite-difference 
equations using central finite-difference schemes. The approximate 
set of the finite-difference equations corresponding to Equations 9 
to 15 are Equations 19 to 21: 
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With initial condition 
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Where Equations 23 and 24 are adjusted to include the boundary, 
conditions specified in the first and last grid points' corresponding 
equations: 
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The discretized form of the skin friction, Nusselt, and Sherwood 
figures are given by Equation 25: 
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The technique of Runge-Kutta-Fehlberg integration was employed 
to iteratively resolve the set of basic differential equations with 
nonlinear solution (Equations 19 to 21 and 25) with known initial 
condition and boundary constraints (Equation 22 to 24) which were 
executed by a computer using MATLAB codes. 

 
 
RESULTS AND DISCUSSION 
 

Using the method of lines, a numerical solution is 
provided for the estimated outcome of the nonlinear 
model (Equations 9 to 11) under the initial and boundary 
conditions (Equations 13 to 15). The parameter values 
utilized in this research, unless otherwise specified are 
                                         

                                        .  
The impact of several characteristics, such as Nusselt 

and Sherwood amount, and skin friction for numerous 
values of material properties, on concentration, 
temperature, and velocity profiles are analyzed and 
discussed.  

Additionally, apart from the method of lines, we have 
conducted a comparative analysis of two alternative 
numerical schemes at steady state, namely the bvp4c 
and shooting method, to validate and check the precision 
of code execution as illustrated in Table 1. 

The fluid velocity profiles are depicted in Figures 2 to 5 
to demonstrate the impact of various physical 
characteristics. As can be seen in Figures 2 and 3, the 
fluid velocity across the channel increases as the 
pressure gradient and porosity medium resistance 
parameter increase, whereas Figures 4 and 5 illustrate 
the opposite consequence of the magnetic constraint and 
Reynolds number on the fluid velocity. This is expected 
since  the  Lorentz  and injection forces usually cause the 

 2 =   1 , 2 =   1, 2 =   1 .      
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Figure 1. The influences of A on W. 

 
 
 

 
 

Figure 2.  The impact of      on W. 
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Figure 3. The effect of   M on W. 

 
 
 

 
 

Figure 4. The effect of Re on the W. 
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Figure 5. Distributions of temperature for varied values of A. 

 
 
 
flow rate of the nanofluid to slow down. 

Figures 6 and 7 illustrate the effect of pressure gradient 
and porosity medium resistance parameter on the 
temperature profile. These two parameters are observed 
to proportionally raise the temperature of the fluid as they 
are increased. In contrast, as observed in Figures 8 to 9, 
the fluid temperature cools down when the convection 
rate at the pipe wall and injection force parameter is 
increased. Therefore, by increasing the injection force 
and convection rate along the pipe wall, the system's 
thermal efficiency can be improved. The concentration 
profile of nanoparticles is affected by various physical 
parameters, as illustrated in Figures 10 to 14. It is noted 
that an increase in the molar mass diffusivity, coefficient 
of thermophoresis diffusion, and the flow system's 
nanoparticle concentration rises as a result of the porous 
medium's permeability. Conversely, the chemical reaction 
and Brownian motion of fluid particles are observed to 
decrease the fluid concentration due to the dispersion 
caused by raising the values of the constraints.  

The impact of the magnetic field on Sherwood and 
Nusselt numbers and skin friction is presented in Figures 
15 to 17.  

In response to an upsurge in suction force, results in a 
growth in the Nusselt, and Sherwood numbers and skin 
friction, whereas the raising in the magnetic field produces  

the opposite effect. 
 
 
Conclusion 
 
An analysis has been made of the effects of temperature 
and mass transfer for an unsteady 
magnetohydrodynamic (MHD) nanofluid flow that is 
reacting to chemicals in a flexible pipe. The impacts of 
magnetohydrodynamics and thermal radiation have been 
observed. The fourth-order Runge-Kutta-Fehlberg method 
was employed for solving the transformed system of 
equations. The following list of major observations relates 
to the completed study: 
 
1) The higher values of the pressure gradient and porosity 
medium resistance parameters boost the temperature 
and velocity profiles within the system. 
2) Higher values of the Reynolds number and magnetic 
parameter result in a reduction of the profiles of velocity 
and temperature. 
3) The Soret number, porosity medium resistance 
parameter, and thermophoresis parameter all cause the 
concentration profile to rise; however, increasing the rate 
of the chemical reaction and brown mobility causes the 
profile to fall. 
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Figure 6. Distributions of temperature for several values of   . 

 
 
 

 
 

Figure 7. Distributions of temperature for various values of Bi. 
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Figure 8.  Distributions of temperature for numerous values of Re. 

 
 
 

 
 

Figure 9. Concentration profiles at various Sr values. 
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Figure 10. Profiles of concentration for various     values. 

 
 
 

 
 

Figure 11. Profiles of concentration for numerous     values.  
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Figure 12. Profiles of concentration for numerous     values. 

 
 
 

 
 

Figure 13. Profiles of concentration for numerous     values. 
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Figure 14. Profiles of Nusselt numbers for various values of M. 

 
 
 

 
 

Figure 15. Sherwood number profiles for various values of M. 
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Figure 16. Skin friction profiles for various values of M. 

 
 
 
4) The Nusselt and Sherwood numbers, as well as skin 
friction, decrease as the magnetic field increases. 
 
 
NOMENCLATURE 
 
u, Velocity component in the radial direction (m/s); cp, 
Heat capacity (kg/(m^3 K)); Bo, Magnetic field strength 
(T); K, The permeability constant of the porous medium 
(m

2
); T, Temperature (K); A, Pressure gradient (Pa⁄m); 

C, Concentration; h, Coefficient of heat transfer (W⁄(m^2 

K)); F, Forchheimer coefficient; T∞, Ambient temperature 

(K); DT, The thermophoresis diffusion coefficient  
(m^2⁄s); DB, The Brownian diffusion coefficient  (m^2⁄s); 
Kr, Dimensional chemical reaction parameter;  Re, 
Reynolds number; M, Magnetic constraint; Nb, Brownian 
motion parameter; NF, Porous medium resistance 
constraint; Sc, Schmidt number; Ec, Eckert number; Nt, 
Thermophoresis constraint; KR, Chemical reaction 
constraint; Pr, Prandtl number; Sr, Soret number; W, 
Dimensionless velocity; Bi, Biot number; Np, Porous 
medium shape parameter.Greek symbols: p, The fluid’s 
density (kg⁄m^3); σ, Electrical conductivity (S⁄m); k, 
Thermal conductivity (S⁄m); μ, Dynamic viscosity (K); v, 
Kinematic viscosity (m^2⁄s); φ, Dimensionless 
concentration; θ, Dimensionless temperature. 
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