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The impacts of magnetic field dependent viscous fluid is explored between 
squeezing plates in the presence of homogeneous and heterogeneous reactions. 
The unsteady constitutive equations of heat and mass transfers, modified Navier-
Stokes, magnetic field and homogeneous and heterogeneous reactions are coupled 
as an system of ODE. The appropriate solutions are established for the vertical 
and axial induced magnetic field equations for the transformed and momentum as 
well as for the MHD pressure and torque exerted on the upper plate, and are in 
details. In the case of a smooth plate, the self-similar equation with acceptable 
starting assumptions and auxiliary parameters is solved by utilising a homotopy 
analytics method, to generate an algorithm with fast and guaranteed convergence. 
By comparing homotopy analytics method solutions with BVP4c numerical solver 
packaging, the validity and correctness of the homotopy analytics method findings 
are demonstrated. Magnetic Reynolds number have been shown to cause to 
decrease the distribution of magnetic field, fluid temperature, axial and tangential 
velocity. The magnetic field also has vertical and axial components with increasing 
viscosity. The applications of the investigation include car magneto-rheological 
shock absorbers, modern aircraft landing gear systems, procedures for heating or 
cooling, biological sensor systems, and bio-prothesis, etc.  

Key words: squeezing plates, magnetic field, Reynolds numbers, BVP4c, 
homotopy analytics method  

Introduction 

The mechanics of fluid movements influenced by the strengths of magnetic 

polarisation are dealt with by ferrohydrodynamics (FHD). Magnetic fluids have several heat 

transfer applications using ferrofluids. The liquid cooled speakers that include the tiny volume 
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of ferrofluid in order to remove heat from the speaker bowls are one of these phanomens 

Krishnaa et al. [1]. This invention improves the spindle’s amplifying power, which results in a 

high-fidelity sound. Magnetic fluids are also used to transport medicines to a specific location 

in the human body, a magnet field may pilot a drop of ferrofluid in the human body Hooman et 
al. [2]. Under Lenz’s law, a driver’s movement into a magnetic field induces electric current in 

the conductor which produces its own magnet field. When a leading fluid moves currents 

through a magnetic field, a force of Lorentz operates on the fluid. The motion changes the field 

and vice versa in MHD. The theory is therefore highly non-linear Choi [3]. Liquids or metallic 

components that can consist of two or more of the metals or non-metals are called alloys in a 

homogenous or non-homogeneous mixture. These alloys can be used to transmit heat or to 

convey the specific characteristics of mixtures. Examples of alloys are steel, brass, phosphorous 

bronze and solder. Beta alloys are mainly utilised in fabrication processes systems, the 

manufacture systems for cold rolling sheets Karimipour et al. [4] investigated Stoke’s 

convective flow issue through a vertical infinite plate in a rotating system system in presence 

of variable magnetic field. They found that some or all of the factors impact the velocity and 

temperature of the fluid. Their action therefore changes the rate of transmission of heat and skin 

friction along the axis. Increased magnetic, M, and Eckert number, parameters lead to an 

increase in the a velocity profiles for free convection cooling and heating in the plate. Nikkhan  
et al. [5] investigated the flux of MHD and the heat transfer over a porous, mass transferred flat 

plate and found that the component fluid velocity has risen with a time value and Hall 

parameters. In the presence of heat radiation using the galerkins finite element method. 

Sheikholeslami et al. [6] explored an unstable MHD free-convective couette flow from two 

vertically permeable platforms. The radiation parameter and the Prandtl number have a higher 

temperature influence than the velocity of the fluid. The magnetic parameter and the number of 

Grashof do not affect fluids, on the other hand. In a tilt magnetic field with heat transfer, 

Nojoomizade et al. [7] researched an instable MHD couette flow between the two endless 

parallel, porous plates. The bottom plate was deemed immobile and permeable. He observed a 

magnetic increase which leads to a drop in fluid’s velocity. Detailed study is also conducted by 

Suresh et al. [8] on squeezing flow with rotating discs under the influences of the magnetic 

variable field. Momin [9] uses the combined DTM-Pade technique for the simulation of the 

magnetic squeeze film issue to exhibit an outstanding convergence, stability and adaptability. 

In the presence of an exponentially falling heat-generation and transverse magnetic field, the 

objective of the study is to investigate the effects of different electrical conductivity on free 

convection flows of an electrically conducting fluid and heat transfer via an isothermal vertical 

non-leading plate. The aerodynamic forces and heat transmission rates may be conveniently 

modified by applying an appropriate magnetic field.  

Mathematical formulation 

We suppose an axisymmetric and incompressible viscous fluid squeezed between two 

parallel plates separated by a distance of 
1/2( ) = (1– ) ,D t l t  where l is illustrative of the 

separation length of the plates at t = 0 as illustrated in fig. 1. The two plates are squeezed for 

β > 0, till they reach t = 1, then the two plates are separated for β < 0. The lower plate is fixed 

and the upper plate moves from or to the lower plate. Meekin and Elco [10] states that both 

plates are regarded to be excellent conductors. Electric forces are significantly less than the 

magnetic forces and so the current problem is neglected. The induced magnetic field ( , ),x zB B  

in the fluid is created by the magnetic field well-defined: 
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where the magnetic permeability of the outside and inner media between two plates is Hx, Hz 

and m1, m2, respectively, and Mo are used to dimensionless.  

 

 

Figure 1. Impact of S for ˆ ˆ ˆˆ ˆ ˆ, , , , ,( ) ( ) ( ) ( ) ( ) and ( )¢f f a h g m      , with L = 2, d = 1, Q = 5, K1 = 2.5,  
Sc = Rem = 2, Pr = 1.8, K2 = 1.5, Nc = 0.2 (for color image see journal web site) 

The equations which governing the flow and heat/mass transfers in viscous fluid are:  

Continuity equation is: 

 · = 0U  (1) 

Maxwell’s equations, simplified for a non-conducting fluid with no displacement 

currents is:  
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 · = 0, = 0B H   (2) 

Modified Navier-Stokes equation is:  
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Magnetic field equation is [10-13]:  
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Energy equation:  
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Homogeneous/heterogeneous equations:  

 
2

2

2
= A c

a a a a
u v D K ab

t x y y

   
  

   
 (6) 

 
2

2

2
= B c

b b b b
u v D K ab

t x y y

   
  

   
 (7) 

The squeezing flow under consideration has the following boundary conditions:  
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Use the transformations [2]:  
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The continuity equation is satisfied field, heat transfer, homogeneous, and heteroge-

neous equations takes the following form:  



Jan, W. U
 

 

 
2

ˆ ˆ ˆ ˆ̂ ˆ ˆ ˆ ˆ2 ( 3 ) 6

ˆ ˆˆ ˆ ˆ ˆ ˆ ˆ ˆ2 [2 ( )] = 0

q c q c

q c

f S N f f ff f f S N mm

S N Rem mm mm fmm fm





           

     
 (9) 

 ˆ ˆˆ ˆ ˆ ˆ ˆ( 2 2 ) = 0m Rem m m fm f m        (10) 
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1
ˆ ˆ ˆ ˆˆˆSc Sc ( ) = 0qh K hg S h fh     (12) 

 
2

1
ˆ ˆˆ ˆ ˆ ˆSc Sc ( ) = 0qg K hg S g f g       (13) 

The Prandtl number is a dimensionles number which is defined as the ratio of 

momentum diffusivity (kinematic viscosity) to thermal diffusivity and the boundary conditions 

are reduced to:  

 2 2
ˆ ˆ ˆ ˆ ˆˆ ˆ ˆ(0) = 0, (0) = 0, (0) = 0, (0) =1, (0) = (0), (0) = (0),

ˆ ˆ ˆˆ ˆ ˆ(1) = 0.5, (1) = 0, (1) =1, (1) = 0, (1) =1 (1) = 0

f f m a h K h g K h

f f m a h g

   


 (14) 

Error analysis 

The current problem is solved for a specified maximum residual error of 10–40. For an 

analysis of the error, the HAM is utilised. The analyses are performed using approximations of 

the 40th order. The authentication of HAM for various physical parameter values is derived 

from fig. 1 and tabs. 1-3. Figure 1 demonstrates a virtually constant reduction of maximum 

average residual errors of ˆ( ),f   ˆ ( ),m   ˆ( ),a   ˆ( ),h   and ˆ( )g   to 17th approximation order. 

Table 1 presents optimal values of the parameter for the convergence control vs the various 

approximation orders. At several approximate orders tab. 2 illustrates the individual average 

squared residual error. Table 3 shows that the numerical values of ˆ (0),f   ˆ (0),m  ˆ (0),a
ˆ (0),h  and ˆ (0)g  almost converge at the 5th order of approximation.  

Table 1. Total residual error of ˆ ˆˆ ˆ ˆ, , , ,( ) ( ) ( ) ( ) and ( )f m a h g     with Pr = 0.5, S = –0.5, L = 0.01, Q = 5, 
R = 0.7, d = 1, Sc = 2.5, K1 = 0.1, K2 = 1, Ha = 0.1, and M = 0.3 

n f̂ n   
m̂n   

ân   ĥn    ĝn   

2  78.44617 10   71.24624 10    128.47003 10    95.6788 10    123.90679 10  

10    252.2244 10    251.6628 10    322.21163 10   311.81546 10   342.06285 10  

20  325.63643 10  331.41176 10   331.19048 10  342.31112 10    363.64121 10  

30  325.63643 10  331.41176 10   331.19048 10  342.31112 10    363.64121 10  

40  325.63643 10  331.41176 10   331.19048 10  342.31112 10    363.64121 10  
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Table 2. Computational of ˆ ˆˆ ˆ ˆ, , , ,    ( ) ( ) ( ) ( ) ( )f m a h and g , when Sq = –0.5, Pr = 2, Rem = 0.1,  
d = 1, Q = 3.5, R = 5, Sc = 7, K1 = 5, K2 = 0.1, Nc = 2 

Table 3. Convergence of the homotopy solution for different orders of approximation for 
ˆ ˆˆ ˆ ˆ, – , – , – ,f m a h g        ( ) ( ) ( ) ( ) and '( ) when Sq = –0.5, Pr = 2, Rem = 0.1, d = 1, Q = 3.5, R = 5, Sc = 7,  

K1 = 5, K2 = 0.1, Nc = 2 and different values of η 

Results and discussions 

The influence of the involved physical parameters is shown both graphically and 

numerically through tables for the velocity components ˆ( )f   magnetic field components 
ˆ ( ),m   temperature variation ˆ( ),a   and homogeneous-heterogeneous variation ˆ( ),h   and 
ˆ( ).g   Figure 1 show the influence of Sq on ˆ ( ),f   ˆ( ),a   ˆ( ),h   and ˆ ( ).m   The distance 

between the plates is increasing, that is = 1, 1.5, 2, 2.5,Sq      the fluid will flow into the  

X-axis direction with fixed values of other parameters which is set to reduce the velocity ˆ ( ),f   

however when the fluid goes through the central area, it start increasing, Furthermore, this 

phenomenon reduces velocity as the squeezing impact is dominated by velocity. Figures shows 

that fluid friction is caused by the squeezing of plates, which generates heat and increases the 

temperature of the fluid. 

The concentration profiles ˆ( ),f   ˆ ( ),m   ˆ( ),a   and ˆ( )g  decrease and ˆ ( )f  and 
ˆ( )h   increases, it is observed that due to increase in Sq. According to this an increase in the 

homogeneous chemical reaction, which decreases viscosity. However, the ˆ( )h   indicates the 

reverse of the ˆ( )g   above can be seen in fig. 1. 

Figure 2 is drawn to show the effect of the magnetic Reynolds number, Rem, and Nc 

on ˆ( )f   and ˆ ( ).m   The magnetic Reynolds number characterizes the proportion of the liquid 

transition to the magnetic diffusivity. The boundary, therefore, is instrumental in deciding the 

dissemination of the e magnetic field along the streamlines. Expanding the worth Rem = 1.5, 

1.6, 1.7, 1.7, for slow vertical velocity of the upper plate, for example Sq = –2.5, the axial 

velocity diminishes while the upward velocity increments after the focal area. The pivotal and 

 HAM result  Numerical result  

   ˆ ( )f   ˆ ( )m     ˆ( )a    ˆ( )h    ˆ( )g     ˆ ( )f   ˆ ( )m     ˆ( )a    ˆ( )h    ˆ( )g    

0  0    0    1.0000    0.4756  0.2481    0    0    1.0000    0.4756  0.2481  

0.2002   0.0538    0.1931    0.7843    0.5839    0.1698    0.0538    0.1931    0.7843    0.5839    0.1698  

0.4004   0.1817    0.3881    0.5810    0.6999   0.1162    0.1817    0.3881    0.5810    0.6999   0.1162  

0.6006   0.3312    0.5870    0.3851    0.8068   0.0734    0.3312    0.5870    0.3851    0.8068   0.0734  

1.0000   0.5000    1.0000    0.0000    1.0000   
0.0000   

 0.5000    1.0000    0.0000    1.0000   
0.0000  

     ˆ ( )f    ˆ ( )m    ˆ( )a   ˆ( )h     ˆ ( )g   

0  3.0638    0.9630   1.1182    0.4756   0.4756  

0.2002   1.8605    0.9675    1.0418    0.5807   0.3175  

0.4004   0.5335    0.9823    0.9930    0.5636   0.2303  

0.6006   0.7347    1.0063    0.9679    0.5039   0.2038  

0.8008   1.8304    1.0347    0.9619    0.4766   0.1890  

1.0000   2.6899    1.0594  0.9696   0.4888   0.1462  
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vertical initiated magnetic field segments ˆ ( )m   decline with the expansion in Rem. The 

maximum value of ˆ ( )m   is seen at the upper plate, for example at η = 1.5, which implies that, 

for higher upsides of Rem, the squeeze fluid should have much higher electrical conductivities. 

 

 

Figure 2. Impact of Rem for ˆ ( )f   and ˆ ( )m   with L = 2, d = 1, Q = 5, K1 = 2.5, S = –2.5, Sc = 2,  
Pr = 1.8, K2 = 1.5, Nc = 0.2 

Figures 2(b) and 2(c) depicts effect of Nc on ˆ( )f   and ˆ ( )m   is the dimensionless 

strength of axial magnetic field. It is clear from figures, when fluid moves toward upper plate 
ˆ( )f   start increasing near the mid of fluid domain which again start decreasing as it moves 

toward upper plate. Similarly ˆ ( )m   is decreasing with increase in Nc. Maximum decrease is 

seen at the central region of fluid domain. 

The impacts of K1 and K2 homogeneous-heterogeneous chemical reaction parameters 

on concentration profile ˆ( ),f   ˆ( ),h   ˆ( ),g   and ˆ ( )m   can be seen in fig. 3. 
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Figure 3. Impact of K1 and K2 for ˆ ˆ( ) ( )f h   with L = 2, d = 1, Q = 5, R = 2.5, S = –2.5, Rem = 2,  
Nc = 0.2, Pr = 1.8, Sc = 2 

It is seen that an increment in K1 show to an increment in ˆ( )f   and ˆ( ).h   This is 

because of the way that the consistency decreases with an increment in the homogeneous 

chemical reaction parameter. However, the heterogeneous boundary K2 shows inverse outcome 

to above, which is displayed in figure. This is a direct result of the diffusion reduces with a 

decline in K2 and less diffused particles will ascend in the concentration. 

The impacts of the strength of homogeneous response K1 on concentration field ˆ ( )m   

is depicted. As the reactants are down in a chemical reaction. In view of this reality 

concentration feld shows inclination the propensity for further developing values of K1. It is 

seen that concentration dissemination is the diminishing capacity of the strength of 

heterogeneous reaction K2. Higher values of K2 enervate the diffusion coefficient and thus, less 

diffused particles subside the concentration feld.  
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Conclusion 

The main upshots of this study are given as follows.  
 Table 1 shows total residual error of ˆ ( ),f  ˆ ( ),m  ˆ( ),a   ˆ( ),h   and ˆ( ).g    

 Table 2 shows that HAM and BVP4c match efectively with the values of ˆ( ),f   ˆ ( ),m   
ˆ( ),a   ˆ( ),h  and ˆ( ).g   

 Table 3 shows the convergence of the homotopy solution for diferent orders of 

approximation.  

 The homogeneous and heterogeneous reaction strength parameters assist to control the 

concentration profiles of the flow.  
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