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Abstract: - 
The study of squeezing flow cannot be over emphasized due to its numerous applications in manufacturing industries, 

food processing, lubricating system, power transmission and medical equipment are few of such processes. This calls for 

more studies in the area of squeezing flow. MHD flow of nano-fluid with non-uniform heat source or sink in the presence 

of chemical reaction and activation energy were considered. The governing partial differential equations were 

transformed to ordinary differential equations in terms of suitable similarity variables together with the initial and 

boundary conditions. The resulting equations were then solved using Newton’s finite difference technique with the aid of 

MAPLE 18.0 software. The effect of radiation, magnetic parameter, temperature dependent heat source parameter, 

surface dependent heat source parameter and other associated physical parameters on the flow system were reported.    

 

Keywords: heat source or sink; porosity; activation energy; brownian motion; thermophoresis motion; chemical 

reaction; magneto hydrodynamic.   
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1. INTRODUCTION  

The need for an improved understanding of heat and mass transfer phenomena in squeezing flow of fluids between two 

parallel surfaces cannot be over emphasized due to its numerous applications and importance in Applied Sciences and 

many Engineering fields, such as soil mechanics, powder metallurgy, chemical processing and petroleum reservoir 

recovery processes as can be found in Bergman et al. [1].  

  

In the past efforts to analyze squeezing flow of fluids between two parallel surfaces, Sobamowo et al. [2] presented 

thermo-magneto-solutal squeezing flow of nanofluid between two parallel disks embedded in a porous medium where 

the effects of nanoparticles geometry slip and temperature jump conditions were reported. Sravan and Rushi [3] examine 

the effect of homogeneous-heterogeneous reactions in MHD stagnation point nanofluid flow toward a cylinder with 

nonuniform heat source or sink. Hayat et al. [4] studied the unsteady flow of nanofluid through porous medium with 

variable characteristics. Recently, Muhammad [5] considered serious solutions for unsteady axisymmetric flow over a 

rotating stretchable disk with deceleration. The numerical study of heat transfer and viscous flow in a dual rotating 

extendable disk system with a non-Fourier heat flux model was reported by Shamshuddin et al. [6]. Hayat et al. [7] 

explored a flow between two stretchable rotating disks with Cattaneo-Christov heat flux model. MHD fluid flow and heat 

transfer due to stretchable rotating disk was reported by Mustafa [8]. Akindele and Ogunsola [9] worked on the study of 

non-isothermal permeable flow of nano-fluids in a stretchable rotating disk system. Recent research about squeezing flow 

of fluids between two parallel surfaces can be mentioned by the studies [10-20]. Vimal et al. [21] studied numerical 

investigation of magnetic nanofluids flow over rotating disk embedded in a porous medium. Abubakar et al. [22] 

considered the stability analysis on the flow and heat transfer of nanofluid past a stretching/shrinking cylinder with suction 

effect. Fang and Zhang [23] reported the flow between two stretchable disks with exact solution of Navier-Stokes 

equations. Mushtaq and Mustafa [24] discussed the computations for nanofluid flow near a stretchable rotating disk with 

axial magnetic field and convective conditions. The research of Mustafa [25] explains nanofluid flow and heat transfer 

due to a rotating disk. Entropy generation in bioconvection nanofluid flow between two stretchable rotating disks was 

carried out by Khon et al. [26]. Abubakar et al. [27] inquired the stability analysis on the flow and heat transfer of 

nanofluid past a stretchable/ shrinking cylinder with suction effect.   

  

The objective of the present study is to analyze the development of the unsteady MHD flow of nanofluid with non-uniform 

heat source or sink in the presence of chemical reaction and activation energy in a cylindrical coordinate. The radial and 

tangential velocity profiles, thermal and concentration profiles are taken into consideration.  

  

2. MATHEMATICAL FORMULATION  

 Consider the unsteady three-dimensional squeezing flow of nanofluid in a stretchable rotating disks system shown in 

Fig.1. Magnetic force takes place between the two disks and the upper disk is maintained at temperature T2 while the 

lower disk is at a lower temperature T1, also Darcy’s law is not negligible. Hence, the time dependent angular velocity is 

 .The continuity, radial and 1−bt tangential momentum, energy and concentration equations models are as 

follows:   

 
Fig.1: squeezing flow of nanofluid between two rotating disks with permeable wall 
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with initial and boundary conditions  

                     (7) 

where  

                       (8) 

 

3. SIMILARITY TRANSFORMATIONS  

Following [4], similarity transformation is invoked:   

 
The Rosseland relation for radiative heat flux qr is [21]. 

                 (10) 

 

where σ* denotes the Stefan-Boltzmann constant and k* shows the mean absorption coefficient. We assume that the  

difference in the temperature in the flow analysis is such that the term T4 may be expanded in a Taylor series. Hence, 

expanding T4 about T∞ and omitting higher terms we obtain  

                (11) 

 

hence, substituting equation (11) into equation (10), we have  

                       (12) 

 

where, u, v, w are the radial, tangential, and axial velocity components in the (r, θ, z) directions respectively. T is the 

temperature, ν is the kinematic viscosity, p is hydrodynamic pressure of the fluid and ρ is the density of the fluid.           

                         

The mass conservation law equation (1) is identically satisfied. However, velocity equations, energy and the concentration 

equations are reduced to the equivalent nonlinear coupled system of ordinary differential equations:   
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The corresponding boundary conditions (7) were transformed to: 

 
 

Where ( Re) denotes Reynolds number, (Pr)  prandtl number, (S) and (A) are the unsteadiness parameters, (𝛼) the porosity 

parameter, (E) is the activation energy parameter, (𝛿) the reaction rate parameter, (𝛿1) the temperature difference 

parameter, (Ha) is the hartman number, (R) radiation parameter, (m) exponential constant, (Q) the temperature dependent 

heat source parameter, (Q1) the surface dependent heat source parameter, (𝛽*) local inertial parameter, Le is lewis number, 

(Nt) the thermophoresis parameter and (Nb) Brownian motion parameter, and then:  

 
 

4. RESULTS AND DISCUSSION  

 Equations (13) to (16) along with the associated boundary conditions (17) were solved numerically via Newton's finite 

difference method with the help of Maple 18.0 software. In the investigation, we analyze MHD flow of nano-fluid with 

non-uniform heat source or sink in the presence of chemical reaction and activation energy, the effect of flow parameters 

were obtained from the solution. The purpose of this section is to interpret the graphical description of sundry variables 

such as local Reynolds number (Re), Prandtl number (Pr), porosity parameter  (𝛼), local inertial parameter (𝛽*), reaction 

rate parameter (𝛿), temperature difference parameter (𝛿1), unsteadiness parameters (S,A), Hartman number (magnetic 

parameter) (Ha), radiation parameter (R), temperature dependent heat source parameter (Q), surface dependent heat 

source parameter (Q1), variable permeability parameter (d), variable porosity parameter (j), Lewis number (Le), Brownian 

motion parameter (Nb), Thermophoresis parameter (Nt), constant of exponential parameter (m)  and activation energy 

parameter (E) on radial velocity f () , tangential velocity g(), thermal field θ () and the concentration field φ (). 

Fig.2 displayed the behavior of unsteadiness parameter (S) on radial velocity. Higher (S) leads to a stronger radial velocity 

profile. It was found in Fig.3 that increment in the porosity parameter (𝛼) leads to a higher radial velocity profile. Fig.4 

elaborate role of Reynolds number (Re) on radial velocity. It shows an increment in (Re) leads to an higher radial velocity 

profile. Increment in the radial velocity profile was witnessed on Fig.5 through the increase in the variable permeability 

parameter (d) while Fig.6 analyzed that higher estimation of the variable porosity parameter (j) lowers the radial velocity 

profile. Characteristics of local inertial parameter (𝛽*) and unsteadiness parameter (A) on radial velocity profile are 

portrayed in Fig.7 and Fig.8 respectively. (𝛽*) reduces the profile while (A) enhance the profile. Fig.9 and Fig.10 are 

sketched to scrutinize the behavior of tangential velocity and thermal field through (S) respectively. Enhancement in the 

tangential velocity profile is observed through higher (S) and reduction in the thermal field is noted through higher (S). 

Fig.11 displayed the behavior of (Nb) on the thermal field. Higher (Nb) leads to stronger thermal field. Fig.12 and Fig.13 

shows the impact of increasing magnetic field parameter (Ha) on the radial and tangential velocities respectively, (Ha) is 

noticeably reduced on both profiles. The effect of (Q) and (Q1) are demonstrated on Fig.14 and Fig.15 respectively. It 

was found that both (Q) and (Q1) enhance the thermal field. Fig.16, it was found that a increase in radiation parameter 

(R) enhance the absorbing rate (k*) which decrease the temperature profile. Fig.17 displayed the behavior of activation 

energy parameter (E) on the concentration profile. Higher (E) leads to stronger concentration profile and more associated 

layer thickness. Fig.18 and Fig.19 witnessed the effect of (m) and (𝛿) on the concentration profile respectively. It was 

observed that both (m) and (𝛿) reduce the profile. Table.1 shows the comparison result of local Nusselt number reported 

by Hayat et al.[4] and the present work. Table.2 illustrated the behavior of radial skin friction, tangential skin friction, 

local Nusselt number and local Sherwood number for various flow parameters.   
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Table.1 Comparison table for values of (Rer)1/2Nu obtained for Q=Q1=R=Ha=0  

 

 

 
Fig.4. Behavior of f ꞌ() against Re.   Fig.5. Behavior of f ꞌ() against d. 

    
              Fig.2 . Behavior of f ꞌ(  )  against S.        Fig.3 . Behavior of f ꞌ(  )   against  𝛼 .   
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Table 2: Radial skin friction coefficient, tangential skin friction coefficient, local Nusselt number and local 

sherwood number for different parameters.   
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CONCLUSION  

In this paper, the effect of radiation parameter, temperature dependent heat source parameter, surface dependent heat 

source parameter and magnetic parameter on the squeezing nanofluid flow in a stretchable rotating disk system have been 

investigated using the Newton’s finite differential method. Also, the influence of various flow parameters such as 

Brownian motion parameter, thermophoresis parameter, Lewis number, Prandtl number, Raynolds number, local inertial 

parameter, unsteadiness parameter, activation energy parameter, reaction rate parameter and porosity parameter on the 

radial and tangential velocity components, temperature and concentration profiles were investigated. It is confirmed in 

this work that the radiation parameter enhance the adsorption rate which decreases the temperature profile. Base on the 

work the following remarks were made.     

1) As the unsteadiness parameter increase, the radial and tangential velocities component increases significantly while 

thermal field decrease.   

2) The radial and tangential velocities component decelerates significantly with an increase in the magnetic parameter.  

3) Increasing the temperature dependent heat source parameter and the surface dependent heat source parameter evokes 

a corresponding increase in the thermal field for both parameters.  

4) Increasing the value of the activation energy, the concentration distribution increases while the constant of exponential 

reduced the concentration profile.   
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Nomenclature                                                              

(r, θ,z):   Cylindrical coordinate  

u,v,w: velocity component  

A:   Unsteadiness parameter  

b: Unsteadiness constant  

Cb: Drag coefficient   

C:   Concentration (kg/m3)  

Cw:  Surface concentration   

C :  Ambient concentration   

Cp :       Specific heat at constant pressure (J/kg K)  

Cf,Cg: Skin friction coefficients  

d: variable permeability  

DB:   Brownian motion coefficient (m2/s)  

DT:   Thermophoretic diffusion coefficient (m2/s)  

E: Activation energy parameter  

Ea:  Activation energy  

f:    Radial velocity profile  

g:   Tangential velocity profile   

Ha:  Hartmann number (magnetic parameter)  

j:    variable porosity  

K:   Thermal conductivity  

k0:   Boltzmann constant  

kr: Chemical reaction constant  

k*: Absorption coefficient  

k∞: permeability  

Le:   Lewis number  

m: Exponential constant  

Nb:   Brownian motion parameter  

Nt:   Thermoporesis parameter  

Nu:  Nusselt number  

P:   Pressure (N/m2)  

Pr :  Prandtl’s number  

Q:    Temperature dependent heat source or sink  

Q1:    Surface dependent heat source or sink  

Rer:   Local Reynolds number  

S:   Unsteadiness parameter  

Sh: Sherwood number   

t:   Time  

T:    Fluid temperature  

Tw:   Surface temperature   

T∞ : Ambient temperature  

u:   Radial velocity  

v:   Tangential velocity  

w:   Axial velocity  
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Greek symbols  

η :  Dimensionless parameter  

:   Kinematic viscosity  

𝛼 :  Porosity parameter  

𝛽0: Strength of uniform magnetic field  

μ :  Dynamic viscosity  

ψ:   Stream function  

ρ :  Density of fluid  

σ:  Thermal diffusivity of the fluid  

𝛿:  Reaction rate parameter  

𝛿1: Temperature difference parameter  

σ0: Electrical conductivity of the fluid parameter  

σ*: Stefan-Boltmann constant  

𝜀 :   Ratio of the heat capacities of the nanoparticles  

𝜀 ∞: porosity  

θ:   Dimensionless temperature variable  

Ω1: Angular frequency  

𝜙:   Dimensionless nanoconcentration parameter   
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