
International Journal of Fluid Mechanics & Thermal Sciences 

2024; Vol. 10, No. 1, pp. 15-24 

https://doi.org/10.11648/j.ijfmts.20241001.12  

 

 

*Corresponding author:  

Received: 10 February 2024; Accepted: 27 February 2024; Published: 7 March 2024 

 

 

 
 

Copyright: © The Author(s), 2024. Published by Science Publishing Group. This is an Open Access article, distributed 

under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which 

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.

 

Research Article 

The Impact of the Weak Magnetic Field on Hydromagnetic 

Nanofluid Flow Via Divergent and Convergent Channels 

Felicien Habiyaremye
* 

, Mary Wainaina  

Department of Mathematics and Actuarial Science, Catholic University of Eastern Africa, Nairobi, Kenya 

 

Abstract 

This paper has studied the effect of a low-intensity of magnetism acting on hydromagnetics of nanoparticles (Silver-water) via 

divergent-convergent channels. The study aimed at determining the effect of Hartmann and Reynolds numbers, the distribution 

of energy in the system, and the volume fraction of nanofluid particles on the movement of nanofluid particles, the distribution 

of temperature, and the distribution of concentration of nanofluid particles. The governing equations were transformed to a 

linear system of the differential equations and numerical solutions were found using the collocation technique and MATLAB 

was used to generate the results. It is discovered, varying the Reynolds values decreases the distribution of temperature for 

divergent medium. Variation in Reynolds values augments the distribution of temperature for the shrinking walls. The 

observation shows that increasing Hartmann values reduces the velocity profile in both channels which are diverging –

converging channels. This is because Lorentz intensity is generated by the magnetism that alters the movement of nanofluid 

flow hence reduction in the velocity distribution. The concentration of nanofluid reduces in both channels when the distribution 

of energy in the system is augmented. The distribution of temperature increases in both channels when the energy in the system 

is augmented. Variation in the distribution of energy facilitates the transferring of heat to nanoparticles hence the temperature 

profile of nanofluid is increased. The distribution of the velocity is constant when varying the energy intensity. The heat 

generation resulted in a variation of temperature and had minimum impact on the movement of the nanoparticles for both 

channels. The concentration of nanofluid is increased in the divergent channel when Reynolds values are increased. The 

reduction occurs in the concentration of nanofluid when Reynolds values are increased. As the distance between molecules 

becomes wider due to augmenting the energy, this results in a reduction of concentration distribution of the nanofluid in both 

channels. These research findings are applied in medical sciences, engineering, geophysics, and astrophysics.  
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1. Introduction 

Magnetohydrodynamics finds application in different 

fields. Astrophysics is one of the interesting areas of applica-

tions. The engineers use Magnetohydrodynamics principles 

for designing flow meters, pumps, and exchanging of heat as 

well as for solving propulsion of space vehicles, setting up 

electronic pieces of equipment for communication, infor-

mation technological pieces of equipment for security pur-

poses such as radars, fixing confinement schemes for con-
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trolled fusion, liquid metal cooling of nuclear reactors, plas-

ma. Magnetohydrodynamics is utilized to design alternating 

current and direct current generators. Hydromagnetics is 

used to produce electrical energy extraction that is of great 

assistance in power convention. The combination of nano-

technology and biotechnological components has applica-

tions in pharmaceutical, agriculture, and biological sensors. 

Nanoparticles of Magnetohydrodynamics of incompressible 

viscous flow through diverging-converging channels are im-

portant in developing some mathematical and biological 

models and are applied in designing engineering schemes, 

space engineering, and materials that are chemically utilized 

in engineering. 

Nanomaterials are very useful in industries, healthcare, 

and cosmetics for environmental preservation and purifica-

tion of air. 

Michael [1] was the first researcher to introduce the MHD. 

He had an experiment where the glass tubes containing Mer-

cury were put under the influence of magnetism and he dis-

covered that the current generated in the tube due to the ef-

fect of Mercury was interacting with the magnetic field. He 

observed that the generated current and magnetic force inter-

acted and generated Lorentz intensity which altered the 

movement of the fluid flow.  

Ritchie [2] conducted a study on a situation in which elec-

tromagnetism was considered. The magnetic and electric 

strengths were found to be perpendicular and the movement 

of the fluid flows for both was also perpendicular.  

Hartmann et al [3] published a paper in which they inves-

tigated MHD flow taking into account two parallel non-

conducting walls and considering the magnetic field normal 

to the wall. It was discovered that changing magnetic forces 

give some changes in the movement of the fluid flow. 

Mishra [4] investigated MHD Nanoparticles and consid-

ered transferring of heat for silver-water in diverging-

converging channels. It was discovered that the Eckert num-

ber gives an increment in the boundary thickness. The reduc-

tion is observed in the momentum boundary thickness when 

the porous parameter is augmented in the diverging-

converging media. 

Tesfaye et al [5] did an investigation on mass and tempera-

ture differences in the unsteady flow of Williamson Nanoflu-

id taking into consideration the theory of boundary layer. 

They discovered that the concentration, temperature, and 

velocity boundary thickness are decreased when the stretch-

ing sheet surface is far away. Variations in the Williamson 

values slow the movement of the fluid flow and give a sig-

nificant increment in the temperature and concentration of 

the surface. The variation in the magnetic field and thermal 

values gives an increase in mass transfer and changes in 

temperature differences in the boundary layer. 

Jafari et al [6] researched MHD Nanofluid flow and found 

that the blood carries the high blood temperature, the density 

of the blood flow, the blood flow velocity, the artery radius, 

and the difference of temperature that surrounds the artery 

during circulation. 

Shira et al [7] researched hydromagnetics of the blood 

flow and accounted for heat transfer and human breast tumor 

oxygen transport exposed to irradiation laser and they dis-

covered that the high temperature radioactive in blood ves-

sels and the impact of radiation in the blood are influential to 

bio-medical experts for treating hyperthermia. The electro-

magnetic radiation is utilized to overheat cancerous tissues. 

Felicien Habiyaremye et al. [8]. Researched MHD incom-

pressible fluid flow of electrically conducting viscous flow 

and the plates were vertically placed under the influence of 

magnetism. Reducing the negative values of Hartmann 

brings an increment in the movement of the flow. Variation 

in Hartmann values reduces movement of fluid flow. The 

laminar and turbulent fluid flows are determined by how 

small and big the inertial forces are. It was discovered that 

variation in the inertial forces augments the movement of the 

fluid flow and reducing the inertial forces reduces the veloci-

ty profile of the fluid flow, this is because the Reynolds 

number is a ratio of inertial force to viscous force.. 

Jeffery et al [9] investigated the steady motion of viscous 

flow in two dimensions via diverging–converging media. 

Makinde [10] did a study on two-dimensional fluid flow in 

diverging asymmetrical medium. 

Makinde [11] investigated the laminar flow using cylindri-

cal channels and stretching walls and the perturbation series 

was taken into consideration. 

Felicien Habiyaremye et al [12] investigated the MHD flu-

id flow of nanoparticles via diverging-converging channels 

under mass and heat transfer. It was found that the volume 

fraction of nanofluid particles reduces velocity distribution 

for diverging channels. Variation in the volume fraction of 

nanoparticles augments the movement of nanofluid. Varia-

tion in the volume fraction of nanofluid particles for both 

divergent and convergent media reduces the distribution of 

temperature. Augmenting the volume fraction of nanofluid 

particles leads to an increment in the distribution of concen-

tration of nanofluid for both media.  

Makinde [13] investigated the impact of strong intensity of 

magnetism on hydromagnetic fluid flow for diverging and 

converging media. The governing equations were trans-

formed into linear systems of differential equations and nu-

merical solutions were obtained using perturbation tech-

nique. He found that velocity distribution far away reduces 

as the Reynolds magnetic values vary. Increasing Reynolds 

magnetic values results in reversing the flow.  

Edward Richard Onyango et al [14] did a study on mass 

and temperature differences of the hydromagnetics of Jef-

fery-Hamel flow taking into account the inclined magnetic 

field. It was found that by increasing some dimensionless 

parameters, velocity increases, also the injection values are 

changed. 

Virginia Kitetu et al [15] investigated the MHD nanofluid 

flow considering the suction stretching surface. They found that 

variation in the volume fraction of nanoparticles decreases ve-
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locity distribution while augmenting the volume fraction of na-

noparticles increases the temperature distribution of nanofluid. 

They also discovered that there is an augment in the energy dis-

tribution due to the low movement of molecules that increases 

the heat in the nanoparticles. They found that variation in the 

volume fraction of nanoparticles reduces the concentration dis-

tribution of nanofluid.  

Felicien Habiyaremye et al [16] conducted research on the in-

fluence of strong intensity of magnetism on the Magnetohydro-

dynamic flow of nanoparticles via divergent and convergent 

channels taking into consideration mass transfer and heat trans-

fer. They discovered that variation in the Schmidt values gives 

an increment of the velocity distribution of nanofluid. It was 

observed that augmenting the Schmidt values gives a decrease 

in the distribution of temperature at stretching walls and also 

gives an increment in the convergent channel. Variation in the 

Schmidt values gives a rise in the concentration distribution. It 

was also observed that variation in the Schmidt values gives a 

rise in the distribution of the magnetic field of the nanoparticles 

for stretching walls and a reduction is observed for the case of 

shrinking walls. Augmenting the volume fraction of nanoparti-

cles gives a rise in the distribution of the magnetic field. Varia-

tion in the magnetic strength values gives a rise in the distribu-

tion of the magnetic field of the nanofluid.  

These research findings are applied in medical sciences, 

engineering, geophysics, and astrophysics.  

MHD flows of nanoparticles have attracted many re-

searchers in recent years and it is observed that there is still a 

need for more investigations in this area. The researcher has 

done an investigation on the MHD flow of nanoparticles 

through divergent and convergent media under the influence 

of weak magnetic strength. 

2. The Effect of Weak Magnetic Field on 

MHD Nanofluid Flow 

2.1. Mathematical Formulation 

In this paper, the flow is considered two-dimensional, 

steady and the movement of fluid is given by 

𝑉⃗ = 𝑉⃗ (𝑟, 𝜃)                                (1) 

In this paper, the assumptions are taken into account, the 

flow assumes incompressibility, two-dimensional, and 

steady. The induced magnetic field is constant. It does not 

vary with fluid flow variables. The tangential velocity is con-

stant. From Figure 1, the walls of the channels are stationary, 

at the walls, there is no variation in the temperature and con-

centration at the walls. At the centre of a medium, the distri-

bution of temperature and the concentration of the nanoparti-

cles reach highest point and the velocity is maximum. 

The governing equations of the nanofluid flow in the cy-

lindrical coordinates are as follows: the continuity equation, 

equations of motion, equation of energy, and equation of 

concentration. These equations are illustrated  
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2.2. Thermophysical Characteristics 

Haroun et al [17] did a study on nanoparticles and they 

discovered that Nanofluids enhance effectiveness of trans-

ferring heat of fluids. Nanofluids' Thermophysical proper-

ties are critical for showing the temperature differences. 

Characteristics of Nanofluids (silver-water) are shown in 

Table 1. 

This study considers the hydromagnetic Nanofluid flow, 

where 𝜃 is the angle of the channel that is found between 

the walls. The   represents the angle of the upper wall 

and –   stands for the angle at the lower wall of medium. 

The boundary conditions that are used for current research 

for the current study 

Vr = 0, Vθ = b0, T = Tw, C = Cw at θ = ±β  

Vr = P, Vθ = 0, T = Tb, C = Cb at θ = 0  

𝑇𝑤 stands for the temperature at the wall Tb represents free 

stream temperature, P stands for free stream velocity, Cw rep-

resents the concentration at lower medium and Cb stands for  

concentration at upper medium. 
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2.3. Nanofluid’ Viscosity and Thermal  

Conductivity of Nanoparticles 

Maxwell [18] discovered a model which shows effective-

ness of thermal conductivity which is shown below. Einstein 

[19] presented the effectiveness of spherical solid suspen-

sion. Brinkman [20] showed a viscosity correlation equation 

of nanoparticles. Park et al [21] discovered the specific heat 

at a constant temperature. Xuan et al [22] presented the na-

noparticle and distribution of energy considering pressure as 

constant. 

𝐾𝑛𝑓

𝐾𝑓
=

𝐾𝑠+2𝐾𝑓+2𝜙(𝐾𝑓−𝐾𝑠)

𝐾𝑠+2𝐾𝑓+2𝜙(𝐾𝑠−𝐾𝑓)
                        (7) 
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=

1

(1−𝜙)2.5
                              (8) 

𝜌𝑛𝑓 = (1 − ϕ)𝜌𝑠 + ϕ𝜌s                      (9) 

 (ρCp)𝑛𝑓
= (1 − ϕ)(ρCP)f + ϕ(ρCP)s          (10) 

2.4. Transformation of Governing Equations 

2.4.1. Transformation Using Similarity Relation 

The governing equations are transformed using similarity 

relation, that is the partial differential equations (2), (3), 

(4),(5), and (6) are reduced to the linear system of differen-

tial equations. Nanofluids movement is transformed using 

the following relations 
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𝑟
                           (11) 
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Temperature and concentration are transformed using the 

following relations 
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ϕ(η) =
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Where 
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θ

β
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2.4.2. Conversion of Governing Equations 

The transformation of the equations that govern the 

nanofluid is done using the relations (11) to (14). 

The continuity equation is satisfied. 
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Using the transformation relations shown above, the 
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. 

Equations (17), (18), (19) are of higher order, and reduction is done to achieve a linear system of differential equations. 

𝑦1 = 𝑓, 𝑦2 = 𝑓′, 𝑦3 = 𝑓′′, 𝑦4 = 𝜃, 𝑦5 = 𝜃′, 𝑦6 = 𝜙, 𝑦7 = 𝜙′                                                (20) 

From equation (20) we get 

𝑦′
1
= 𝑦2                                                                                      (21) 
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= 𝑦3                                                                                      (22) 
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The equations (21) to (26) give the following systems of 

linear equations 

𝑦′ = 𝐹(𝜂, 𝑦)                                (28) 
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(

 
 
 y1
y2
y3
y4
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 y2
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N
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M
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                          (29) 

3. Results and Discussions 

Table 1. Thermophysical Characteristics of Silver and Water. 

Nanoparticles 𝑪𝑷  𝑲  𝝆  𝝈  

Water   7.1  417   0.613  0.06  

Silver 10500  235  42 1  6.3 × 107  

Table 2. Values of Physical Parameters. 

𝑹𝒆  𝑯𝒂  𝝍  𝝀  

15  0.00  0.2  0  

20  0.05  0.5  2  

25  0.07  0.7   5  

 
Figure 1. Flow Diagram of Impact of the Weak Magnetic Field on 

Magnetohydrodynamic Nanofluid Flow through Diverging- Con-

verging Channels. 

The Magnetohydrodynamic nanofluid flows have at-

tracted many researchers in recent years. A research has 

been done on MHD nanofluid flows via diverging and 

converging channels considering mass and heat transfer 

with variable magnetic fields. [12] Investigation of MHD 

flows of nanoparticles via divergent and convergent media 

under a strong magnetic field was done [16]. In their in-

vestigations, they insisted on the impact of variable mag-

netic field, mass, and heat transfer on MHD nanofluid 

flows.  

In the current paper, we bring the newness of taking in-

to consideration the weak magnetic field on the MHD 

flow of nanoparticles which was a gap to be filled and 

was not addressed in previous studies.  

The results of parameter variations are presented (the 

effect of Hartmann and Reynolds numbers, the distribution 

of energy in the system, and the volume fraction of nanofluid 

particles on the movement of nanofluid particles, the distri-

bution of temperature, and the distribution of concentration 

of nanofluid particles). 

The value of Prandtl number becomes 6.2 because of 
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the nanoparticle (water). 

Table 2 gives physical values of different parameters. 

In the results, solid lines represent divergent channels 

and dotted lines stand for convergent channels. 

 
Figure 2. Effect of Hartmann Number on Velocity Distribution in 

Divergent-Convergent Channels. 

From Figure 2. Variation in Hartmann values reduces the 

velocity profile in both channels which is diverging-

converging channels. This is because the magnetic field pro-

duces Lorentz force which opposes the direction of the veloci-

ty of the nanofluid hence reduction in the velocity distribution. 

 
Figure 3. Impact of Hartmann on Temperature Distribution in Di-

vergent-Convergent Channels. 

From figure 3. Varying Hartmann values reduces the dis-

tribution of temperature in the diverging channel. This is 

because an augment in the Hartmann values augments the 

viscosity that thickens boundary layer hence reduction for 

the temperature distribution. Varying Hartmann values aug-

ments the distribution of temperature in the converging 

channel. This is because variation in Hartmann values gives 

a rise in the viscous forces which leads to an increase in the 

temperature distribution hence increased in the temperature 

profile in a diverging channel. 

 
Figure 4. Effect of Hartmann Number on Concentration Distribu-

tion in Divergent-Convergent Channels. 

From Figure 4. The increase in the Hartmann values aug-

ments the concentration of nanofluid in the diverging chan-

nel. The increase of the Hartmann values brings a reduction 

in the drag forces that gives an increment in the nanofluid 

concentration distribution. While augmenting the values of 

Hartmann in a converging channel reduces the concentration. 

The variation of the Hartmann values leads to a reduction in 

the concentration distribution. This is because the viscous 

forces are reduced hence a decrease in the concentration dis-

tribution of nanofluid. 

 
Figure 5. Influence of Nanoparticle Volume Fraction on Velocity 

Distribution in Divergent-Convergent Channels.. 

From Figure 5. Increasing the volume fraction of nanopar-
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ticles gives an increment in the concentration of the nanoflu-

id for both channels. The temperature increases for both 

channels because the nanoparticles give rise to the distribu-

tion of energy in the boundary layer of the channel which 

increases the velocity distribution of the nanofluid. 

 
Figure 6. Effect of Nanoparticle Volume Fraction on Temperature 

Profile in Divergent-Convergent Channels.. 

From Figure 6. Augmenting the values of the volume frac-

tion of nanoparticles increases temperature distribution for 

diverging medium. This is because the nanoparticles increase 

the energy distribution of the nanofluid hence increased tem-

perature distribution in diverging medium. The reduction 

happens in the converging channel when the values of the 

nanoparticle of volume fraction is increased. The nanoparti-

cles thicken the boundary layer hence decreasing the temper-

ature distribution of the nanofluid. 

 
Figure 7. Impact of Nanoparticle Volume Fraction on Concentra-

tion Profile in Divergent-Convergent Channels.. 

From Figure 7. When the values of the nanoparticle of 

volume fraction is increased, the concentration of nanofluid 

is reduced in the divergent channel. The concentration distri-

bution is augmented when the values of nanoparticle volume 

fraction is increased in convergent channel. The kinetic ener-

gy becomes low when the energy distribution and thickness 

of boundary layer reduce hence increased concentration pro-

file of the nanofluid. 

 
Figure 8. Influence of Reynolds Number on Velocity Profile in Di-

vergent-Convergent Channels.. 

From Figure 8. Variation in the Reynolds values gives an 

increment in the nanofluid movement in diverging channel. 

The Reynolds number is the ratio of inertia forces to viscous 

forces. The higher the Reynolds number the higher the veloc-

ity. Increasing Reynolds values reduces the velocity profile 

in the converging channel. This is due to the thickening of 

the boundary layer in converging channel because of the 

increase of the inertia forces. 

 
Figure 9. Effect of Reynolds Number on Temperature Distribution 

in Divergent-Convergent Channels.. 

From Figure 9. Variation in Reynolds values reduces tem-
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perature distribution. The viscosity and temperature are in-

versely related. Augmenting viscosity gives a reduction for 

the distribution of temperature. Augmenting the Reynolds 

values increases the temperature profile in convergent chan-

nel. 

 
Figure 10. Impact of Reynolds Number on Concentration distribu-

tion in Divergent-Convergent Channels. 

From Figure 10. The concentration of nanofluid is in-

creased in the divergent channel when Reynolds values is 

increased. The reduction occurs in the concentration of 

nanofluid when Reynolds values are increased. As the dis-

tance between molecules become wider due to the distribu-

tion of energy, this gives a reduction of concentration distri-

bution of the nanofluid in both channels. 

 
Figure 11. Effect of Heat Generation Parameter on Velocity Distri-

bution in Divergent –Convergent Channels. 

From Figure 11. The distribution of the velocity is con-

stant when the distribution of energy is considered. The heat 

generation resulted from the variation in temperature and do 

not affect velocity distribution of the nanofluid in both chan-

nels. 

 
Figure 12. Impact of Heat Generation Parameter on Temperature 

Distribution in Divergent-Convergent Channels.. 

From Figure 12. The temperature increases in both chan-

nels when the distribution of energy is augmented. The varia-

tion in heat generation increases the transferring of heat to 

nanofluid hence the nanofluid temperature profile is in-

creased. 

 
Figure 13. Influence of Heat Generation Parameter on Concentra-

tion Distribution in Divergent-Convergent Channels. 

From Figure 13 Nanofluid concentration decreases in both 

channels when the distribution of energy is increased. Dis-

tance between Nanofluids substance become large due to the 

increment in the temperature which augments the energy. 

Hence reduced concentration distribution of the nanofluid. 
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4. Conclusion 

From the results, the following observations were noted. 

1. Variation in the Hartmann values reduces the velocity 

profile in both channels 

2. Increasing the Hartmann values reduces the tempera-

ture profile in diverging channel. 

3. Variation in the Hartmann values increases the temper-

ature profile in converging channel. 

4. The increase in the Hartmann values augments the 

concentration of nanofluid in the diverging channel. 

5. Augmenting the values of Hartmann in converging 

channel reduces the concentration distribution of the 

nanofluid. 

6. Increasing volume fraction of nanoparticles increases 

nanofluid’ concentration in both channels. 

7. Augmenting values of volume fraction of nanoparticles 

increases distribution of temperature in diverging 

channel. 

8. The reduction happens in the converging channel when 

volume fraction of nanoparticles values are increased. 

9. Increasing volume fraction of nanoparticles, then con-

centration of nanofluid is reduced in the divergent 

channel. 

10. The concentration distribution is augmented when the 

values of volume fraction of nanoparticle is increased 

in convergent channel. 

11. Augmenting Reynolds values increases nanofluid’ ve-

locity in diverging channel. 

12. Augmenting Reynolds values reduces distribution of 

velocity for convergent medium. This is because 

boundary layer thickens in convergent medium due to 

the increase of the inertial forces. 

5. Recommendations 

Magnetohydrodynamics is wide area of research, we rec-

ommend that the researchers can carry out the following top-

ics. 

1. The effect of Nusselt number of Magnetohydrodynamic 

nanofluid through divergent-convergent channels. 

2. MHD flow of nanoparticles in stretching surface with 

mass and heat transfer. 

3. Effect of chemical reactions on Magnetohydrodynamic 

flow of nanoparticles via diverging-converging chan-

nels. 

Abbreviations 

λ: Heat Generation Parameter 

ψ: Volume Fraction of Nanoparticles 

Ag: Silver 

B0: Magnetic Field 

Dm: Concentration Mass Diffusivity 

Df: Dufour Number 

Ec: Eckert Number 

Ha: Hartmann Number 

K: Thermal Conductivity 

Knf: Nanofluid Thermal Conductivity 

KT: Thermal Diffusion Ratio 

Re: Reynolds Number 

Sc: Schmidt Number 

MHD: Magnetohydrodynamics 

PDEs: Partial Differential Equations 

ODEs: Ordinary Differential Equations 
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