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Abstract:  Non-Newtonian liquids have wide range of applications in many industries such as food 

processing, coolants in nuclear reactors, polymer extrusions etc. This present communication explores 

squeezing flow of Casson fluid between two parallel surfaces with partial slip effect. Similarity 

transformations are applied to convert the fluid flow governing equations into ordinary differential equations 

and then solved by MATLAB software with the help bvp4c algorithm. Statistical analysis is performed by 

developing a linear regression model for skin friction coefficient, Nusselt number and Sherwood number to 

predict heat and mass transfer rates. Casson parameter and magnetic parameter increases skin friction. Higher 

values of Lewis number show a diminishing concentration profile. 

 

Index Terms -   Regression analysis, Casson nanofluid, Squeezing flow, bvp4c method. 

I. INTRODUCTION 

Over the past decade nanofluids are in demand due to their thermo physical properties with promising results 

in enhancing heat transfer rate. Many researchers conducted experimental and theoretical investigations to 

understand the heat transport capacity of different nanomaterials. Sheikholeslami et al.[1] examined two phase 

simulation of nanofluid flow and heat transfer between parallel surfaces.  Nanofluid hydrothermal character 

in presence of variable magnetic field is studied analytically by Sheikholeslami and Ganji [2]. The unsteady 

flow of a nanofluid squeezed between two parallel plates is modelled by a coupled system of nonlinear 

ordinary differential equations and a new approach based on the Chebyshev wavelet expansion is proposed 

by Gupta and Saha Ray [3].Sheikholeslami et al.[4] reported that the behaviour of continuous nanofluid flow 

between parallel plates in the presence of a uniform magnetic field is investigated in terms of heat and mass 

transfer .Mohyud-Din et al.[5] examined a rotating system with nanofluid moving between parallel plates, as 

well as three-dimensional heat and mass transfer using magnetic phenomena. It has been found that 

thermophoresis and Brownian motion parameters are directly related to heat transfer but inversely related to 

concentration profiles.  The effect of variable magnetic field on nanofluid flow and heat transfer analysis 

between two parallel disks is scrutinized by Hatami et al.[6]. In this work noticed that the direct 

relationship between the Nusselt number, the thermophoretic parameter, and the Brownian motion parameter. 
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In a rotating system, the impacts of electro-magneto-hydrodynamics on nanofluid flow and heat transfer 

properties are explored by Rokni et al. [7]. Researchers have studied the magnetic parameter, electric parameter 

and Reynolds number all increase with an increase in the Nusselt number, whereas the rotation parameter 

causes a drop in the Nusselt number. For the first time, an investigation done by Rashidi et al.[8]  is made  into 

the effects of an effective Prandtl number model on the nano boundary layer, steady, two-dimensional, and 

laminar flow of an incompressible 2 3Al O - 2H O  and 2 3Al O - 2 6 2C H O  nanofluid over a vertical stretching sheet. 

A.S.Dogonchi et al.[9] investigated how MHD nanofluid between infinite parallel plates squeezes and transfers 

heat while also experiencing the thermal radiation effect. In which results indicate that as the radiation 

parameter increases, the temperature profile and Nusselt number also increases. Magodora et al.[10] 

numerically solve the equations for the flow of a hydromagnetic nanofluid through semi-infinite parallel plates 

under the assumption that both thermal radiation and a chemical reactions are important and existent. Saeed 

Ehsan Awan et al. [11] study presents a novel application of numerical computing paradigm to examine the 

cumulative effects of both electric and magnetic fields on a micropolar nanofluid confined by two parallel 

plates in a rotating system. A Poiseuille flow it is a flow between two flat plates is studied numerically by 

Mostafa Mahdavi et al.[12] to determine the effects of nanoscale particles present in the flow. Numerical 

analysis on  the behaviour of stable Casson nanofluid between parallel plates in the presence of a constant 

magnetic field done by El Harfouf et al.[13]. The findings of this study can aid engineers in making 

improvements, and researchers can work on this kind of issue more quickly and simply. Bilal et al. [14] studied 

and noticed that Ionic fluids have a major advantage over conventional solvents regardless of their difficulties 

with recycling and a overlook the impacts of the magnetic field, heat generation, chemical reaction, and 

activation energy are also explored together with the fluid flow phenomenon. In order to assess the 

effectiveness of heat exchangers in the fluid flow via tandem tubes between two parallel plates, the effect of 

using nanofluids and flat tubes simultaneously is researched and analysed by Mein Darbari et al.[15].The 

obtained results demonstrate that heat transfer and pressure loss are simultaneously reduced by modifying the 

cross-section and further flattening. Yaseen et al.[16] investigated that the symmetry of the hybrid nanofluid 

( 2 2 2 2 6 2/OM S SiO H O C H O  ) and the MHD squeezing nanofluid ( 2 2/MoS H O ) flow between the parallel 

plates, the findings of this work have implications for a number of thermal systems, engineering  and industrial 

processes that use hybrid nanofluids and nanofluids for cooling and heating. M.B.Arain et al.[17] investigated 

the nanofluid bioconvection flow across a pair of vertical parallel plates in the presence of activation energy. 

This research shows the physical significance of various changing factors on the profile of motile microbes, 

temperature distribution, and nanoparticle concentration. In next, Through the use of computational analysis, 

the properties of a hybrid nanofluid flow containing copper (Cu) and cobalt ferrite ( 2 4CoFe O ) nanoparticles 

(NPs) across a squeezing plate have been examined by  Murtaza et al.[18]. It’s observed that when compared 

to the nanofluid, the hybrid nonliquid is found to have a higher capacity for velocity and energy transmission 

rate. Arshad et al. [19] examines the two distinct hybrid nanofluid flows between two parallel plates that are 

positioned at two different heights, 0y  and hy . In this research water-based hybrid nanofluids are obtained 

by using 2 3 2,Al O TiO  and Cu as nanoparticles, respectively. Steady electro-magnetohydrodynamic flow of a 
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micropolar nanofluid in the attendance of reactive Casson fluid passing through parallel plates influenced by 

the rotating system with the implementation of Buongiorno nanofluid model is examined by Shamshuddin 

and Ibrahim [20]. Abida Shaheen et al.[21] examined the magnetohydrodynamic hybrid nanofluid flows of 

copper-oxides and titanium dioxide in water ( 2CuO TiO ) between two parallel plates utilising walls 

suction/injection under the influence of a magnetic field and thermal radiation. Between vertical parallel 

plates, a hybrid nanofluid flow with Gold and Magnesium oxide nanoparticles (Au/MgO-NPs) suspended in 

it is studied by Bhatti et al.[22]. Umar Farooq et al.[23] reported that the combustion process requires proper 

cooling systems due to the high combustion temperatures. The majority of chambers in liquid propellant 

engines employ regenerative cooling. In view of the above cited research works and based on importance of 

squeezing flows in hydrodynamic machines, lubrication and other industrial application we have carried out 

a theoretical analysis on squeezing nanofluid flow and such works found in the literature to the best of authors 

knowledge. 

 

1. Problem Formulation 

 

 

Fig. 1 Geometry of the problem 

Consider a vertical channel with parallel plates and a two-dimensional laminar incompressible 

electrically conducting Casson fluid flow. The x-axis is chosen in vertical direction of the plates and It is 

assumed that channel is rotating about y axis with a uniform angular velocity Ω .With this assumption the 

governing equations can be framed as follows: 
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The boundary conditions are: 

,u cx 0,v  ,w o 1,T T 1C C , y a   

0,u  0,v  0,w 2T T , 2C C , y a         (6) 

The radiative heat flux in eq. (4) can be solved by applying Roseland approximation defined as, 
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Expansion of 4T in a Taylor series about 0T and neglecting the higher order terms gives 
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From Eq. (8), equ. (4) becomes, 
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  Applying the similarity transformation, 
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the equations (2), (3), (5) and (9) reduces to,  
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0,Scf Sc                          (14) 

and boundary conditions in dimensionless form can be written as,  
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The following are physical quantities of interest in dimensionless form, the primary and secondary skin 

friction coefficients (It determines the rate of shear stress at the plate due to primary and secondary flow), the 

Nusselt number (measuring heat transfer rate) and local Sherwood number (which measures the rate of mass 

transfer). 
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2. Numerical procedure  

 

We have used MATLAB software built in function bvp4c to resolve equations (11)-(14) with boundary 

conditions (15). 

As a prerequisite for writing code, let us consider the following assumptions. 

      1 1 1

1 2 3 4 5 6 7 8 9 10, , , , , , , , ,f F f F f F g F g F g F F F F F               . 

Next, by using equations (11)-(14) with boundary conditions (15). 

We can obtain a following system of ODEs of first order: 
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With boundary conditions 

(1) 0, (2) 0, (4) 0, (7) 1, (9) 1,

(2) 0, (4) 0, (7) 0, (9) 0.

Fa Fa Fa Fa Fa

Fb Fb Fb Fb

    

   
                                                            (19) 

After converting the aforementioned system to MATLAB code, we can run it to obtain the desired results in 

the form of graphs.  

 

3. Result and Discussion 

To investigate various flow scenarios, boundary conditions and the numerical solution of the 

dimensionless equations (11–14) are used. the formulation for fluid entropy generation is modified because 

of reflect the result. In figures and tables, the effects of the Hartman number ( 2H ), the Casson fluid parameter 

(  ), the Hall parameter ( m ), the radiation parameter ( Ra ), the Schmidt number ( Sc ), and the chemical 

reaction parameter ( fk ) on fluid velocity, fluid temperature, and other physical parameters are shown. For 

the aforementioned parameters, the following values are typically used: H =1.5, m =0.5, Pr =0.71, Br =0.5, 

 =1, Sc=0.1, fk =0.2,  =1, R =1, Ra =0.1, Gr =1, Gc =1, 1 =0.1, 2 =0.1.  
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Fig. 2a. Primary velocity profile for Hartmann number 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2b. Secondary velocity profile for Hartmann number 

 

 

 

 

 

 

 

 

 

 

Fig. 2c. Primary velocity for Casson nanofluid parameter 
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Fig. 2d Secondary velocity profile for Casson nanofluid parameter 

 

  

  

 

 

 

 

 

 

 

 

Fig. 2e: Primary velocity profile for Hall Current Parameter. 

 

 

 

 

 

 

 

 

 

 

    

Fig. 2f: Secondary velocity profile for Hall Current Parameter. 
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Fig. 2g: Primary velocity profile for Schmidt number. 

 

 

 

 

 

 

 

 

 

 

Fig. 2h: Secondary velocity profile for Schmidt number. 

 

 

 

 

 

 

 

 

 

 

Fig. 3a. Temperature profile for Casson parameter. 
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Fig. 3b. Temperature Profile for Radiation parameter. 

                            

 

 

 

 

 

 

 

 

 

Fig. 4a: Concentration profile for chemical reaction parameter. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4b: Concentration profile for Schmidt number. 
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Table-1: Computation of skin friction coefficient, Nusselt number and Sherwood number for various physical 

parameters. 

 

The effects of the Hartmann number, Casson fluid parameter, Hall current parameter, and Schmidt number 

on fluid velocity are shown in above Figures 2a–h. A rise in the values of the Hartman number, Casson fluid 

parameter, and Schmidt number retards fluid velocity. On the other side, as the Hall parameter rises, the 

velocity increases.  

It is evident that Fig. 2a,2b are illustrates the effect of the Hartman number on fluid velocity. As Hartman 

number values change, fluid velocity and boundary layer thickness slow down. This observed phenomenon 

takes place when the imposed magnetic field induces current in the electrically conducting fluid, resulting in 

a resistive-type force that reduces fluid velocity. As seen in Fig. 2c, a rise in the Casson parameter (  ) 

corresponding to a decrease in the yield stress, increases fluid viscosity, which results in a decrease in fluid 

velocity and boundary layer thickness at the top part of the channel. According to Fig. 2e and f, fluid velocity 

is induced as the value of the Hall current parameter (m) rises. This is due to more resistance to the damping 

effect of the applied magnetic field at higher values of the Hall parameter, which causes an increase in fluid 

velocity. According to Fig. 2g and h, a rise in the Schmidt number causes a slowing in fluid velocity because 

it increases the effective diffusivity of the medium. Schmidt number is the ratio of momentum diffusivity to 

mass diffusivity. 

Figure 3a and 3b show how the Hartmann number, Hall current parameter, and thermal radiation 

parameter affect fluid temperature. As the Casson fluid parameter (  ) is increased in Fig. 3a, the fluid 

temperature and thermal boundary layer also rise. This occurs as a result of the fluid's lower effective 

viscosity. The increase in the Rosseland means absorption coefficient term ( CK ), which shows as a 

denominator in the term that represents thermal radiation  3

04 /c cRa T kk  in Fig. 3b, causes the fluid 

temperature to rise. The impact of the Schmidt parameter and is shown in Fig. 4a, b. It has been seen that the 

concentration profile declines as the parameter values rise. As the Schmidt number increases, a decrease in 

fluid concentration is attributed to an increase in mass diffusion rate.   

   A common framework for determining relationships between linear independent variables is 

regression analysis. With so many dependent variables in the heat transfer phenomenon, estimating the rise 

of heat transfer can be fairly difficult. In order to match the data and reliably forecast the output, a model is 

H Gr Gc 𝛽 Skin friction coefficient  

Nusselt 

number 

Sherwood 

number 

0.5    2.1314 0.5413 0.0995 

1    2.7908 0.56344 0.0269 

1.5    3.8016 0.6226 0.0056 

 0.1   2.7480 -0.5744 0.0290 

 0.2   2.7694 -0.5689 0.0279 

 0.3   2.7908 -0.5634 0.0269 

  0.1  2.7487 -0.5693 0.0277 

  0.2  2.7908 -0.5634 0.0269 

  0.3  2.8328 -0.5575 0.0259 

   0.1 4.1727 -0.3384 -0.1340 

   0.3 3.4246 -0.4384 -0.0299 

   1 2.7955 -0.5632 0.0728 
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needed. We focused on creating regression models for the Nusselt numbers of various nanoparticle volume 

fractions in order to determine the better heat transmission rate.  

Regression equations for skin friction, Nusselt number and Sherwood number are as follows: 

Skin friction coefficient 𝐶𝑓 = 2.8607 + 0.6029𝐻 − 1.0714𝐺𝑟 − 0.8604𝐺𝑐 − 0.0677𝛽 

Nusselt number  𝑁𝑢𝑥 = −0.3329 + 1.0107𝐻 − 1.9545𝐺𝑟 − 1.9200𝐺𝑐 − 0.3895𝛽 + 0.1434𝑅 

Sherwood number 𝑆ℎ𝑥 = −0.0413 + 0.01267𝐻 + 0.1528𝐺𝑟 + 0.1469𝐺𝑐 + 0.0677𝛽 

Finally, Table 1. shows that computation values of skin fraction coefficient, Nusselt number and 

Sherwood number for various physical parameters. When rising the Hartmann number, it is enhanced the skin 

friction coefficient and noticed that when accelerate the values of Local Grashof number due to temperature 

differences and Casson parameter decelerates the Nusselt number. A slight raise in the value of Local Grashof 

number due to concentration differences that leads to a slight decelerate in the Sherwood number. 

 

4. Conclusion   

A study of MHD mixed convection fluid flowing via parallel vertical plates has been considered. Numerous 

flow characteristics, including the Schmidt number, Casson fluid parameter, Hall parameter, radiation 

parameter, and chemical reaction parameter, are studied for their effects. This research study is useful in the 

investigation of blood flow by taking the effects of magnetic fields and yield value into account. Additionally, 

it is helpful in the control of cancer growth where it aims to overheat the cancerous tissues much above the 

crucial therapeutic values 420 c. Geophysicists could also get knowledge from this inquiry about the interaction 

between the geomagnetic field and the fluid in the geothermal zone. The followings main outcomes drawn as, 

1. Primary fluid velocity is decreased by the Casson parameter, whereas secondary fluid velocity is 

decreased by the Schmidt number, chemical reaction parameter, and Casson parameter. A rise in the 

values of the Hall parameter, however, boosts fluid velocity. 

2. The temperature of the fluid is decreased by Hall current and radiation parameters, but it is increased 

by Hartmann number. 

3. Bejan number increases when Schmidt number and chemical reaction parameter take the greater 

values. 

4. Casson parameter and Hartmann number impacts reduces the skin friction values. 

5. The Casson parameter increases local Nusselt number at the lower plate but decreases it at the upper 

plate; nevertheless, as the Hartmann number is changed whereas the opposite result is when observed. 

6. The local Sherwood number rises at the lower plate but falls at the top plate as both the Schmidt 

number and the chemical reaction parameter are risen. 

 

Abbreviation   

, ,u v w   Velocity components 

*g   Acceleration due to gravity 

K  Thermal conductivity 

Pr   Prandtl number 
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B   Magnetic parameter 

2H   Hartmann number 

1 2,T T   Fluid temperatures at left and right places respectively 

1 2,C C   Fluid concentrations at left and right places respectively 

SN   Dimensionless entropy generation 

Ra   Thermal radiation parameter 

2R   Rotation parameter 

Br   Brinkman number 

Gr   Local Grashof number due to temperature difference  

Gc   Local Grashof number due to concentration differences 

Sc   Schmidt number 

m   Hall current Parameter 

pC   Specific heat at constant pressure 

fk   Chemical reaction parameter 

rq   Radiative heat flux 

D   Mass diffusivity 

T   Fluid temperature 

C   Concentration 

ck   Rosseland mean absorption coefficient 

 

Greek symbols 

   Casson parameter 

*   Coefficient of thermal expansion 

c   Coefficient of expansion with concentration 

   Dynamic viscosity 

   Kinematic viscosity 

   Electrical conductivity 

   Dimensionless temperature 

   Dimensionless concentration 

   Stream function 

   Similarity variable 

   Fluid density 

   Thermal diffusivity 

   Dimensionless temperature difference 

*   Angular velocity 
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c   Stefan-Boltzman constant  
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