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Abstract 

     The influences of Cattaneo-Christov double diffusion (CCDD) of an incompressible nanofluid flow is examined. The fluid 

is obeying Eyring – Powell model. The fluid flows amidst two - parallel plates which are vertical.  The impacts of Soret 

number, porous medium, heat generation and thermal radiation are taken into consideration. A suitable similarity 

transformation is utilized to convert the controlling system of non-linear partial differential equations to ordinary ones. 

Moreover, the semi-analytical solutions of these equations are taken out by the means of homotopy perturbation procedure 

(HPM) up to second order.  The influences of the distinct several physical embedded parameters on the allocations of 

velocity, stream function, temperature and nanofluid concentration are pointed out via a collection of graphs.  Furthermore, 

the values of physical quantities of our interest “skin friction coefficient and nano Sherwood number” are computed and 

presented graphically through some draws. It’s detected that the velocity has a dual performance under the impacts of the 

different physical parameters. Hence, it enhances with a development in the value of Darcy parameter along the interval 

 0,0.5 . However, at remaining interval, the vice versa occurred. On the contrast, the magnetic field parameter has an 

inverse conduct on the velocity when compared with the Darcy number. In addition, the velocity enriches with an increment 

in the value of the squeezing parameter. On the other hand, the value of the temperature declines with the enhancement in the 

value of thermal relaxation time.  Moreover, the elevate in thermophoresis parameter leads to an enlargement in the value of 

nanofluid concentration. At the end, the nano Sherwood number has a dual behaviour under the impact of the Brownian 

motion parameter.  From the physical illustration, current investigation of squeezing flow has great relevance in view of 

various applications. Such as injection shaping, squeezing film pressure sensors, flow rheostats, bearings, polymer industries, 

liquid-metal lubrication, compression and injection shaping, and food processing, etc. 
Keywords: Squeezing flow; Eyring - Powell model; Nanofluid; Cattaneo-Christov double diffusion (CCDD); Chemical reaction, Heat 

generation, Thermal radiation. 

  

1. Introduction 

      Presently, nanofluids are extremely important in 

various engineering applications. These kind of fluids 

are utilized in several chemical and biomedical 

engineering processes. The major stimulus of 

appointing these fluids is to adjust the heat transfer 

and thermal conductivity to reach the better goaling. 

For example, nanofluids are utilized to enhance the 

rate of heat transfer of microchips in computers, 

transportation, defense and ships, space technology, 

fuel cells, food processing, nuclear reactor coolant, 

solid-state lightening, microelectronics, boiler flue 

gas temperature reduction, biomedicine, and 

manufacturing [1]. Dogonchi and Ganji [2] worked 

on the unsteady squeezing MHD nanofluid flow and 

heat transfer between two parallel plates in the 

presence of thermal radiation effect. Cattaneo–

Christov heat flux model is taken into their 

consideration. In their analysis, they observed that the 

temperature distribution is lesser in the case of 

Cattaneo–Christov heat flux model when compared 

with Fourier’s law. Moreover, Nusselt number is an 

increasing function of heat source parameter. 

Shehzad et al. [3] deliberated the viscoelastic 

micropolar fluid in the presence of nanoparticles.  

Also, the thermal radiation impacts are contributed to 

the temperature equation. The semi-analytical 
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solutions to these expressions have been tackled by 

the homotopy analysis method. 

      The study of non-Newtonian materials is highly 

significant in engineering and the applied science 

fields. There are various rheological models which 

utilizing to analyze and display the features of flow 

and transfer of heat. Among these non-Newtonian 

models there is Eyring - Powell liquid model. This 

model is very complicated mathematically However, 

it gains great interest because of the following 

reasons. Firstly, its constitutive relationship is given 

empirically. Secondly Newtonian behavior appears 

for both low and high shear stresses. This model in 

presence of heat transfer plays an essential role in 

different industrial, natural, and geophysical 

processes which include delivery of dampness and 

temperature over environmental pollution, damaging 

of crops due to freezing, underground energy 

transport, geothermal reservoirs, thermal insulation, 

and agricultural fields. In addition, the Eyring-Powell 

fluid has got substantial attentions due to the 

following rationales, “Instead of empirical relation it 

is derived by using kinetic theory of liquid” and “It 

behaves like Newtonian fluid under low and high 

shear rates” [4]. Thus, recently there are scholars who 

are working on Eyring-Powell fluid model. For 

example, Ibrahim [5] examined three-dimensional 

boundary layer flow of a rotating Powell-Eyring 

nanofluid. In their study heat transfer processes, non-

Fourier heat flux theory and for mass transfer non- 

Fick’s mass flux theory are considered. In their 

investigation, they realized that the non-Newtonian 

fluid parameter N has the characteristic of reducing 

the amount of local Nusselt numbers.  Ibrahim and 

Hindebu [6] elaborated the MHD boundary layer 

flow of Eyring-Powell nanofluid over stretching 

cylinder with Cattaneo-Christov heat flux model. 

Through their investigation, they found that the 

velocity profile enhances with an enlargement in the 

value of the Eyring-Powell fluid parameter. However, 

it decays as the magnetic parameter enlarges. Both 

the temperature and the concentration profiles have 

revealed an enhancement pattern for high values of 

the magnetic parameter. 

       Lately, researchers and scientists dedicated their 

interest to analyse the demeanour of viscous fluid 

flows disfigured by squeezing surfaces because of 

their several useful applications related to 

engineering, the industrial process, and biomedical 

such as polymer process, in designing of motor 

bearings and electro-rheological fluids utilized to 

manufacture dampers, bubble boundaries shrink in 

depth and expand bi-axially, liquid-metal lubrication, 

foams. There are some other examples of squeezing 

flow corresponding to bioengineering and 

mathematical biology involving diarthrodial joints 

[7]. The work on squeezing flow is first introduced 

by Stefan [8]. Atlas et al. [9] Scrutinized the 

influence of entropy generation on two-dimensional 

unsteady Casson fluid flow squeezing between two 

parallel plates. It is noticed that the entropy 

generation profile enhances with an increase in the 

values of the Brinkman and Reynolds numbers. the 

heat and mass transfer in an unsteady two- 

dimensional squeezing flow of 

magnetohydromagnetic (MHD) radiative non-

Newtonian Eyring-Powell fluid between two parallel 

infinite plates is deliberated by Ghadikolaei et al. 

[10]. It’s found that the value of the velocity 

decreases with an enhancement in the value of 

magnetic field parameter. Also, their temperature 

value reduces by increasing in the value of thermal 

radiation parameter. Hosseinzadeh et al. [11] 

explored the heat and mass transfer of MHD 

nanofluid squeezing flow between two parallel plates. 

In their work, it’s recognized that the increase in the 

value of Brownian motion parameter leads to an 

increase in the value of the temperature. The 

Transient electromagnetohydrodynamic radiative 

squeezing flow between two parallel Riga plates 

using a spectral local linearization approach is 

reported by Thumma and Magagula [12]. Rasool et 

al. [13] elaborates the magnetohydrodynamics and 

Darcy - Forchheimer medium in nanofluid flow 

between two horizontal plates.   

      Heat and mass transport combined phenomenon 

plays a substantial role significantly in several 

industrial and engineering processes, as, equipment 

power collectors, damage of crops, food processing, 

refrigeration, heat exchangers, and so on. In 

literature, convectional transport theories for heat and 

mass are utilized by several researchers. But infinite 

speed of wave propagation led these convectional 

theories to be insufficient [14]. Heat and mass 

transfer phenomenon is described by several 

preceding investigations. Thus, El dabe et al. [15] 

examined the peristaltic flow of Jeffry nanofluid with 

heat transfer through a porous medium in a vertical 

tube. El-dabe and Sallam [16] investigated the impact 

of non-Darcy Couette flow through a porous medium 

of magnetohydrodynamic viscoelastic fluid with heat 

and mass transfer. El dabe et al. [17] analysed the 

effect of heat transfer on MHD non-Newtonian 

Casson fluid flow between two rotating cylinders. El-

dabe and Mohamed [18] studied the influence of heat 

and mass transfer in hydromagnetic flow of the non-

Newtonian fluid with heat source over an 

accelerating surface through a porous medium. El 

dabe et al. [19] explained the impact of wall 

properties on the peristaltic motion of a coupled 

stress fluid with heat and mass transfer through a 

porous medium. El-dabe and Abou-zeid [20] 

discussed the influence of radially varying magnetic 

field on peristaltic motion with heat and mass transfer 
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of a non-Newtonian fluid between two co-axial tubes. 

Fourier [21] is the first one who present the law of 

heat conduction and the properties of heat transfer. 

Thus, in this regard, traditional Fourier’s law is 

modified to involve thermal relaxation time by 

Cattaneo [22], which means that heat is transported in 

normal way. Fourier’s heat expression is a parabolic 

energy equation, meanwhile, Cattaneo’s equation 

leads to hyperbolic type energy equation. Christov 

[23] modified the work of Cattaneo. Similarly, Fick’s 

law plays a significant role for studying mass 

transport. Cattaneo - Christov model is examined by 

several related numerical previous investigations can 

be found in Refs. [24-28].  

       Various numerical techniques were utilized to 

examine enormous domain of linear as well as 

nonlinear phenomena in physical, engineering, and 

mathematical problems. On the other hand, many 

efforts had been performed to tackle these 

phenomena, analytically, starting from the traditional 

perturbation methods till to the multiple time scale 

method. The straightforwardness of the perturbation 

methods, in it transforms the nonlinear equations into 

linear ones. Indeed, all these perturbation methods 

depend mainly on a small built-in parameter. 

Thereafter, the existence of such a parameter is 

fundamental to gain an approximate solution of the 

given problem. Usually, the solution of a problem 

may be restricted by the continuation of this 

parameter. The homotopy perturbation method 

(HPM) is one of the momentous techniques, first 

proposed by He [29] in 1999 is considered as the first 

one, who overcomes this difficulty, by representing 

the HPM. The principal advantage of this method 

comes from it does not depend on a built-in small 

parameter in the system of equations. Moreover, the 

approximated solutions are uniformly valid, not only 

for small parameter, but also at large one. 

Throughout, this hopeful method, an artificial 

parameter  0,1P  is incorporated into the 

problem, to divide it into; two linear and nonlinear 

parts. It is sometimes known as the homotopy 

parameter. This method had been successfully 

utilized for solving linear and nonlinear partial as 

well as ordinary differential equations. Throughout 

this work, He produced a modified one of the 

standard homotopy and the perturbation techniques 

by improving the HPM for solving linear, nonlinear, 

initial, and boundary value problems. This method 

has a significant characteristic in that it delivers an 

analytical approximate solution to the extensive 

variety of linear and nonlinear problems in the 

applied sciences. He’s homotopy perturbation method 

is elucidated as an appropriate with the multipurpose 

nature of the various physical problems. It has been 

in a great large class of functional equations and the 

references therein.  Setting 0P  , implies that the 

differential equation takes a simplified form. As P  

is enriched and reaches unity  1P  , in the end, 

the equation improves to the desired form. At this 

step, the anticipated solution will be approached to 

the required formula.   

        The governing equations relevant to our 

resultant one become more complicate to treat as 

supplemental nonlinear terms appear in the equations 

of motion because of the flow performance of non-

Newtonian nanofluids flow with Cattaneo-Christov 

heat and mass fluxes. Thus, the exact solutions of 

such problems are virtually impossible. Thus, some 

researchers obtained numerical solutions for these 

problems [30 - 39]. We turn to find a semi analytical 

solution by means of homotopy perturbation method 

(HPM). On design the homotopy perturbation 

technique, the given differential equations and their 

relevant boundary conditions are converted into 

another simple system of these equations which leads 

to a power series solution of these equations. 

      Based on the above literature survey, Most of the 

existing analytical studies didn’t discuss nanofluid 

flow via Cattaneo–Christov double diffusive model 

corrected mathematically. Since some extra terms 

relevant to Brownian motion and thermophoresis 

effects appear under the theory of Cattaneo–Christov, 

that are missing in these previous published studies. 

Here, our essential Theme is to cover such analysis in 

order to optimize the mathematical data with real 

situations. The influence of squeezing Eyring - 

Powell nanofluid via Cattaneo-Christov double 

diffusion (CCDD) model between two parallel 

vertical plates in the presence of time is analyzed. 

Thermal radiation, porous medium, uniform magnetic 

field in addition heat generation are taken into 

consideration. Variable surface temperature and 

convected boundary condition are also considered. A 

proper similarity transformations is applied to convert 

our system from partial differential equations to 

ordinary differential equations for solving it easily. 

Homotopy perturbation method (HPM) up to second 

order is applied to obtain the semi-analytical solution 

for the velocity, stream function, temperature, and 

nanoparticle concentration distributions. The values 

of skin friction, and nano Sherwood number are also 

calculated and exhibits via a set of diagrams.   

      Physiologically, according to the geometry of 

squeezing is realized that squeezing the fluids have a 

great interest in view of diverse various applications. 

Like food, polymer industries, compression and 

injection shaping and liquid-metal lubrication, etc. In 

view of applications, the nanofluids applications may 

be introduced as: energy storage, chemical industry, 

power production, heat exchangers, refrigeration 

process, etc. The observed results due to flow over 
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two-parallel plates embedded in a porous medium 

have several applications in diverse areas of science 

and technological fields, namely st 

 

udy of ground water resources in agricultural 

engineering, in petroleum technology to study the 

moment of ordinary gas, oil, and water through the 

oil reservoirs. MHD provides a mean of cooling the 

turbine blade and keeping the structural integrity of 

the nose cone. Moreover, the obtained results that 

have been obtained from our study can be used in 

many various applications. Like, develops and 

manufactures wellhead control panels, and chemical 

injection systems. Including wellhead safety control 

systems, metallurgical process, polymer 

      The strategy of the current work can be 

performed as follows: Sec. 2 clarifies the 

mathematical explanation of the problem. A 

description of the problem comprising the governing 

equations of motion of the considered system as well 

as the appropriate boundary conditions are illustrated 

throughout Sec. 3. Sec. 4 visualizes the method of 

solutions of the system of equations. The numerical 

results and discussion of the various physical 

parameters are examined in Sec. 5. Finally, 

concluding remarks of the current study are 

represented throughout Sec. 6.  

 

2. Mathematical description 

2.1 Theory and analysis of the fluid flow 

     The flow is deemed to be an unsteady and 

incompressible two-dimensional flow of Eying - 

Powell nanofluid. The fluid flows between two 

vertical parallel plates separated through a time 

dependent distance  h t . The Cartesian coordinate 

 ,x y  is applied to analyse the fluid flow. 
 
The left 

plate is placed at 0y   and it has a variable 

stretching velocity    
1

1mU x ax bt


   in x - 

direction.  where a  and  
1

1 bt


  for 

     1
1 . .bt i e t b


are the initial and effective 

stretching rate. Meanwhile, the right plate is located 

at      
1

1fy h t a bt


   .  Squeezing 

flow is produced when the right plate squeezing in 

the direction of left wall with squeezing velocity 

h

dh
v

dt
 . The physical model is portrayed in Fig. 1 

 
Fig(1) 

 

 

The Cauchy stress tensor S  for Eying - Powell model 

may be expressed as follows [5]: 

                                                   

-1

1

1
= + sinh  A ,f

r

S
c




 





  
  
  

  
                       

(1) 

                                                  

   
T

1A = V + V ,                                                         

(2) 

                                             
3

-1 1
sinh  = ,

6c c c

  
     

     
   
   

 

3

1.
c




 (3)   

       The fluid is electrically conductive, and a 

uniform magnetic field is imposed orthogonally to 

the plates. The conductivity is usually small and 

therefore the magnetic Reynold’s number of the flow 

is taken to be small enough, so that the induced 

magnetic field is disregarded. Also, the external 

electric field, and the electric field due to the 

polarization of charges can be ignored [40].  

 

Considering there's no polarization voltage which the 

total electric field is disappearing  0E  . 

Therefore, the generalized Ohm’s law may be defined 

as [36],  

 

             

  ,J V B 
 

                                              

(4) 
 

According to utilizing Roseland’s approximation one 

can take the radiative heat flux  rq in one dimension 

over y - axis direction.  Thus, the radiative heat flux 

rq  can be defined as [[9], and [36]]: 
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44
,

3

e
r

e

T
q

y





 



                         (5) 

where, Taylor series is utilized for expanding 4T  

about hT  as a linear function of temperature after 

neglecting higher-order terms, may be written as [[9], 

and [40]]  

              
4 3 44 3 .h hT T T T                                               

(6) 

Energy equation can be expressed as: 

    

 

      .

f

T
B rp

f

dT
c q

dt

D
c D T C T T q

T





  

 
      

  
                                                                                                
(7) 
Nanoparticles concentration equation can be defined 

as: 

        

 * 2

1 .T B T
f

f m

D D KdC
j T K C C

dt T T

 
        

 
                                                                                                 
(8) 
2.2. Analysis of Heat and mass transfer by means 

of Cattaneo-Christov double diffusion theory: 

 

     The theory of Cattaneo-Christov double diffusion 

has been represented in characterizing thermal and 

nanofluid concentration diffusion with heat and mass 

fluxes relaxations, respectively. The expressions for 

heat flux q  and mass flux 
*

j  in terms of Cattaneo-

Christov theory are introduces as follows:  

 

Cattaneo-Christov heat flux model may be defined as 

follows [[26], [27] and [28]]: 

                            

 

,

E

q
q V q q V V q

t

K T


 

        
 

 

  (9) 

Cattaneo-Christov mass flux model can be defined as 

follows [[7] and [9]]: 

  

 
*

* * * *

,

N

B

j
j V j j V V j

t

D C


 

        
  

 

     (10) 

     which are the generalized Fourier’s and Fick’s 

laws, respectively. When we put   0E   and 

 0N  we can return to the classical Fourier’s 

heat flux law and Fick’s mass flux law of diffusion, 
respectively.  For incompressible fluid we have 

 0 .V  Thus Eqs. (9) and (10) can be 

rewritten as follows: 

                                  

,E

q
q V q q V K T

t


 
        

                                                 

                                                                          (11)                             
*

* * *
.N B

j
j V j j V D C

t


 
        

                                               

                                                                            (12) 

By solving Eqs. (7) and (11) for eliminating q Also 

*
j can be eliminated by solving Eqs. (8) and (12). 

3. The governing equations of fluid motion: 
3.1. Explanation of the equations govern the motion: 
      The governing continuity, x - component 

momentum, y - component momentum, 

temperature, nanoparticles concentration equations 

may be listed as follows [[5], [9], [10], [33], and 

[36]]:   

     0,
u v

x y

 
 

 
                                                                          

(31)          

 

 

2

0

2 2 2

2 2

+ u + v 

1
2

,

f

f

p

f f T f

r

f C f

u u u p
B u

t x y x K

u u v
g T T

c x y x y

g C C


 

  


 

     
              

     
       

     

 

                                                                                                

                                                                                        (14) 
2 2 2

2 2

1
+ u + v 2

,

f f

r

f

p

v v v p v v u

t x y y c y x x y

u
K

 




          
         

           



                                                                                             
(31)  
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 

 

 

2 2

2 2

22

3 2

02

+ u + v 

16
,

3

E Ef

T
Bp

f

e h
f

e

T T T T T
c K

t x y x y

DT C T C T T
c D

x x y y T x y

T T
Q T T

y

 







      
     

       

           
                     


  



                                                                                             
(16) 
 

 

2 2

2 2

2 2

12 2

+ u + v 

,

N N B

T B T
f

f m

C C C C C
D

t x y x y

D D K T T
K C C

T T x y


     

    
     

    
            
                                                                                             
(31) 

 

where,    

 

 

 

2 2 2 2

2

2 2
2 2

2 2

3 3 3 3

2 2 3

2 2

2

2

16

3

E f

e h

e

B

p

T u T v T T T T
u uv v

t t x t y x t x y y t
c

T T u u T T
u v u v

x y x y x y

T T T T
u v

y t y x y

T C C
D v

y y t y
c









         
       

             
        
      

         

   
   

     

  


   


2 2 2

2

2 2 2 2 2

2

0

2

,

T

f

C T T T
u v

y y t x y y

D T T T T T T T
v u v

T x x t x y y y t x y y

T T T
Q u v

t x y

        
                   

 
           

                        

   
   

   

                   

                                                                                       (18)  
2 2 2

2

2 2

3 3 3

1 2 2 3

2

.

N

T B T

f m

C v C C v C C
v v v

t t y y t y y y

D D KC C T T T
K v u v

t y T T y t x y y

      
     

       

        
                    
                                                                                            
(31) 
 

The corresponding boundary conditions may be 

defined as [[9], and [36]]:  

mu = U ,  v = 0,        ,m

f h fT x T T T x  

0x   and  ,hC C              at y = 0                    (02) 

 0
T

y





                                   at 

h
y = 

2
                  

(03) 

hu = 0, v = v ,
dh

dt
   t

T
- K = h ,

y
hT T





 and 

 B n

C
- D = h .

y
hC C





   at y = h                     

(00) 
Local similarity variables may be defined as follows 

[9]: 

           

 
   

 
   

 
   

, ' ,
1

, ,
1

, , .
1

f

y m

f f

x

h f

f

m

h f

a
x f u U f

bt

a T T
v f

bt T T

C C y ax
U

C C h t bt


   


   

 

  



   

 


   

 

                             

                                                                                    (01) 
      It is appropriate to write the governing system of 

Eqs. (11) - (11) with the corresponding boundary 

conditions (02) - (00) in a non-dimensional form. 

This can be done in several different ways depending 

mainly on the choice of the distinct length, mass, and 

time. Postulate the following non-dimensional forms: 

The characteristic length x , the characteristic 

mass  
3

f x  and the characteristic time 

  
1

1 bt a


  . The other dimensionless 

quantities are given as follows:       
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   

   

     
 

2 2
2 0

2 2

1
, , , , ,

1 1
, , ,

, , , ,

, , ,

f fm
e

r f f h f h f

f f ft n
iT iN r

B

T h f C h fE m N m
E N r c

f m f m

B h f T h f B T h f

b t r

f f f f m h f

T T C CxU B x
R M

c T T C C

v bt v bt ch h
B B P

K a D a K

gx T T gx C CU U
G G

x x U U

D C C D T T D K T T
N N S

v v T v T C C


 

  



  
 

 

 

 
     

 

 
    

 
   

  
  



 

 

3 2

0
1 2

2

1

16
, , , , , ,

3

, .

p f p fe h
d f a e

e f f Bf

c

f

c K vT Q x
R v D L

K c c x D

K x
R

a

 
 

   






     

 

     

                                                                                (24)       
      After substituting the forgoing Eqs. (01) and (04) 

into Eqs. (11) - (20). Then, the governing system of 

non-linear ordinary differential equations may be 

written in the following form as:        

 

 

2

1
1 '''' ''' ' ''

2

1
' '' '' ' ' 0,

e

r c

a

R f ff f f

f f M f G G
D

  



  
     

  

 
       

 

      (01)          

  2

1 2 3 4 5 6

2 2

7 8 9 10 11

12 13 14 15

16 17 18 19 20

21 22

''' '' ' ' ' '

'' ' ' ' '' ''

' ' ' '' '' ' ' ''

'' ' ' '' ' '

' ' 0,

a f a a a f a a

a a a f a f a f

a ff a a a f

a f a a f a a

a f a

     

       

   

     

 

      

    

      

    

  

                 

                                                                                       (02) 

1 2 3 4 5 6 7

2 2

8 9 10 11 12

13

'' '' ' ' ''' '

' ' '' ' ' ''' ''

'' 0.

b b b b b b b f

b f b f b ff b f b

b

   

  



          

       

 

                                                                                            
(01) 
 
The transformed boundary conditions may be written 

as: 

   00  = v ,  ' 0 1,f f   0 ,mx  and 

 0 1,                                                                 
     

(28) 

1
' 0,

2

 

 
 

                                                                             

(01)    1  = , ' 1 0,
2

f f




    ' 1  1 1 0,iTB     and 

    ' 1  1 1 0.iNB                                         

(12) 

Where the coefficients 1 22a a  and 1 13b b   that 

recognized into Eqs. (02) - (02) are excluded here for 

save space. But it available under your request. 

 
3.2. The physical quantities of our interest may be 

defined as follows: 

The skin friction coefficient FC  may be written as 

[[5], [9], and [10]]: 

                           
2

,w
F

f m

C
U




                                          

(13)  

The Nusselt number xNu  can be written as follows 

[[5], [9], and [10]]: 

                     
 

,w
x

h f

xq
Nu

K T T



                        (10) 

The nano-Sherwood number xSh  may be defined as 

follows [[5], [9], and [10]]: 

                         
 

.m
x

B h f

xq
Sh

D C C



                    

(11) 

where,  ,w   ,wq  and mq  can be defined as: 

                                                     

1
,w f

r y h

u

c y
 




  
   

  
                                     

(13)  
                                            

316
,

3

e h
w

e y h

T T
q K

K y






   
     

  
                             

(11)  .m B

y h

C
q D

y


 
   

 
                                              

(12)  
The non - dimensional forms for the skin friction 

coefficient FC , the Nusselt number xNu and the 

nano-Sherwood number xSh  after utilizing the 

similarity transformation can be defined as: 
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   1 '' 1 ,e FR C f                                                     

(11) 
                                                  

   1 ' 1 ,x e dNu R R                                  (13) 

  ' 1 .x eSh R                                                  (11) 

4. Homotopy perturbation method and analysis of 

convergence: 

   
4.1. The structure of the homotopy perturbation 

technique: 

 
     Due to the complexity in treating the resultant 

system of equations, we can’t solve it analytically. 

Therefore, with the aid of HPM, we suppose that Eqs. 

(25) - (27) with the appropriate boundary conditions 

(28) - (30) have the solution as the form:  

                                     
2

0 1 2= H + P G + P  G ,G                     (32) 

where G  refers to any physical function of the 

following distributions: ,f ,  and .  

 
The homotopy statements for the forgoing Eqs.  (02) 

- (02) may be formulated as follows: 

                     

         1 1 0 1 0, 0,fH P f L f L f PL f P N       
                                                                                             
(33)        
        

       

     

2 2 0 2 0

1

1 2

, L L L

0,

H P P

P a f a N

   

 


  

   
 

         

                                                                                    (30) 
      

       3 3 0 3 0

2 3 4 5 6 7

2

8 9 10 11

2

12 13

, L L L

'' ' ' ''' '

' ' '' ' ' ''' 0,

'' ''

H P P

b b b b b b f

P b f b f b ff b f

b b

   

 

 

       

       
 
        
    

     

                                                                                     (31) 

 

2

1
''' ' '' ' ''

2

1
'' ' ',

f e

r c

a

N R ff f f f f

M f G G
D

 



  
     

  

 
     
 

               

                                                                                      (33) 

      
2 2

3 4 5 6 7

2

8 9 10 11

12 13 14 15

16 17 18 19

20 21 22

'' ' ' ' ' ''

' ' ' '' ''

' ' ' '' '' ' ' ''

'' ' ' '' '

' ' '.

N a a f a a a

a a f a f a f

a ff a a a f

a f a a f a

a a f a

      

     

   

    

  

     

    

     

     

 

       

                                                                                      (31) 

 where, 
fN  and N  are the nonlinear parts of f  

and   respectively. 

 
To obtain the initial guesses for the stream function 

f , temperature  , and nanoparticles concentration 

  distributions, we can introduce the linear 

operators as follows:  

                        
4

1 4
L F = R 1 ,

d
e

d f



                     

(32)   

                             
3

2 3
L = ,

d

d 



                                  

(31)   

                             
2

3 1 2
L = .

d

d
b




                          

(33)   

Where, 1L  represents the linear operator for f . 

Meanwhile, 2L  exinites the linear operator for   

and 3L  introduced the linear operator for . Thus, 

the initial guesses solutions can be assumed as 

follows: 

                                              
3 2

0 1 2 3 4,f c c c c                                      (31) 

2

0 5 6 7 , c c c                                           (12) 

0 8 9. c c                                                                             

(13) 
     By substituting from Eq. (40) into the foregoing 

system of Eqs. (41) – (45) and collecting the terms of 

like powers of P  on all of them, zero-order, first 

order, and second-order systems of nonlinear 

ordinary differential equations can be obtained. 

Finally, solve the resulted linear system of equations. 

One obtains the semi-analytic solutions of the various 

stages of nP . The process is lengthy, but 

straightforward. The entire solution is gained by 

setting 1P . The solutions are calculated up to 

second order. Thus, all complete solutions for the 
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previous three distributions may be written as 

follows: 

 

 

   

   

14 13 12 11 10

1 2 3 4 5

9 8 7 6 5 4

6 7 8 9 10 11

3 2

1 10 19 2 11 20

3 12 21 4 13 22

=A A A A A

A A A A A +A

1 1
S S S + S S S

6 2

S S S S S S ,

f      

     

 



    

   

     

    

  
                                                                                        (52) 

 

 

   

13 12 11 10

1 2 3 4

9 8 7 6 5

5 6 7 8 9

4 3 2

10 11 1 10 19

2 11 20 3 12 21

' =14A 13A 12A 11A

10A 9A 8A 7A 6A

1
+5A 4A S S S +

2

S S S S S S ,

f     

    

  



  

    

   

    

             

                                                                                        (53) 
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22 21 20 19 18

12 13 14 15 16

17 16 15 14 13

17 18 19 20 21

12 11 10 9 8 7

22 23 24 25 26 27

6 5 4 3 2

28 29 30 31 5 14 23
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A A A A A +

A A A A A A

1
A A A A S S S

2

S S S S S S ,
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    

     

    



   

    

    

      

     

            
                                                                                        (54)     

 

   
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32 33 34 35

10 9 8 7 6

36 37 38 39 40
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41 42 43 44

8 17 26 9 18 27

 = A A +A A

A A A A A

A A A

S S S S S S .

A

    

    

   



  

    

    

    

            

                                                                                        (55) 

Where, the arbitrary constants  1 27S S
 
and the 

coefficients  1 44A A
 
that appeared in Eqs. (20) 

- (22), are not included in the manuscript to save the 

length. They are available under the request of the 

referees. 

 
4.2. Convergence of homotopy perturbation 

method: 

Suppose that the solution of equations (25) - (27) can 

be written as a power series as follows 

                                                             

0 1 2

2( , ) .....,n r P n P n P n                       (56) 

where, n  is one of the physical quantities f ,   , 

and   . Setting 1P   we obtain the semi-analytical 

solution of equations (25) - (27) as follows: 

                                        

 0 1 2 2

1
.....

p
n Lim n P n P n


    .                     

(57) 

The series of equations (25) - (27) is convergent for 

most of all cases. 

5. Results and numerical discussions 

5.1. Some special cases of our current 

investigation: 

     To reduce the mathematical manipulation in 

resolve the resulted Eqs. (25) - (27), as some special 

cases of our analysis comparing with previous 

published studies to validate our present study.   

 

 In case when the parameters 

1( 0, 0, 0,d rR S    and 0cR  ) are 

excluded from our analysis. Thus, the resulted 

heat and nano concentration equations are in 

decent close to those observed in the study 

represented by [1]. 

 The consideration of the Newtonian case, and in 

absence the impacts of nanofluid phenomena as 

well as nano concentration equation. In 

addition, neglecting the influences of 

( 0, 0,r cG G   and 0  ). One obtains 

the same system of equation that represented in 

the study of [2]. 

 In case when we excluded the impacts of the 

parameters as: 1( 0, 0, 0,d rR S    and 

0cR  ). One gain the same temperature and 

nano concentration equations as those obtained 

in the previous study of [3]. 

 The special case when neglecting the influences 

of the physical parameters 

( 10, 0, 0, 0,N d rR S      and 

0cR  ). Both resulted temperature and nano 

concentration equations are in nice agreement 

with those observed in the study of [5]. 

 In the absence of porous medium effect. In 

addition, when the physical parameters 

( 0,rG  10, 0, 0, 0,c dG R    

0,rS  and 0cR  ) are disregarded from our 

system of equations. Hence, The resulted 

governing system of equations is in great 

consistent with the system presented in the 

analysis of [6]. 
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 In case when the physical parameters ( 0,rS 

and 1 0  ) are neglected. One finds both 

temperature and nano concentration equations 

that observed in the work of Atlas et al. [9]. 

 In the absence of nanofluid and Cattaneo-

Christov heat and mass fluxes. Also, when 

0rS  , our resulted temperature and 

concentration equations are similar to that 

pointed out in the work presented by 

Ghadikolaei et al. [10]. 

 In the Newtonian case as well as in the absence 

of Cattaneo-Christov heat and mass fluxes as 

well as porous medium. Also, ignoring the 

influences of the parameters 

( 1 0, 0, 0, 0,r r cS G G     and 

0dR  ). Thus, we can find the same system of 

equations that reported by the published work 

of Hosseinzadeh et al. [11]. 

 The Newtonian case in the absence of Cattaneo-

Christov heat and mass fluxes, porous medium 

and nanofluid phenomena. In addition, ignoring 

the impacts of the physical parameters 

( 0,rG   and 0cG  ). Consequently, our 

resulted governing system of equations are in 

great consistent with those pointed out in the 

published work of Thumma and Magagula [12]. 

 The case when the following parameters 

( 10, 0, 0, 0, 0,E N d rR S        

and 0cR  ) are neglected in our study. Hence 

the resulted temperature and nano concentration 

equations are fully complying with those 

elaborated in the work of Rasool et al. [13]. 

 The case when we ignore the effects of the 

parameters ( 0,rS  and 0cR  ), one can 

obtain the nanoparticles concentration equation 

which reported by previous published works of 

[[24], [25], and [26]]. 

 In the absence of Cattaneo- Christov heat and 

mass fluxes. In addition, when ( 0,rS   and 

0cR  ) are excluded from our system of 

equation. Thus, The obtained nano 

concentration equation is in decent complying 

with this represented in the work of El Dabe et 

al. [33]. 

 In the absence of nanofluid phenomena as well 

as Cattaneo- Christov heat and mass fluxes. The 

obtained concentration equation is in great 

congruent with this displayed in the work of El 

Dabe et al. [36]. 

 For 1 0  , in addition in the absence of 

nanofluid as well nano concentration equation. 

Hence, the resulted energy equation is in good 

consistent with the finding of [41]. 

 When the parameters ( 0, 0,N rS    and 

0dR  ) are ignored from our study. 

Consequently, the resulted heat and nano 

concentration equations are in nice agreement 

with those pointed out in the work of [42].  

 The Newtonian case when the physical 

parameters as: ( 0,rG  0,cG  0,M 

0,dR  1 0, 0,rS    and 0cR  ) are 

excluded from our study. Then, The resulted 

governing equations of motion are in nice 

consistent with those explained in the analysis 

of [43]. 

 

5.2. Graphical explanation: 
      The essential aim of this portion is to explain the 

graphical demonstration for distinct quantiles of the 

various physical parameters on the resultant 

distributions. Mathematica software is employed for 

illustrating the quantitative impacts of the several 

physical parameters comprised in this study on the 

distributions of the velocity  ' ,f   stream function 

  ,f   temperature    and nanoparticles 

concentration .  The impacts of the physical 

parameters such as, squeezing parameter ,  Eyring - 

Powell fluid parameter ,  magnetic field parameter 

,M thermal relaxation time ,E mass relaxation time 

,N  Reynold’s number ,eR  thermophoresis 

parameter ,tN  Darcy number aD , heat transfer Biot 

number ,iTB  mass transfer Biot number ,iCB  

Brownian motion parameter ,bN  Prandtl number 

,rP  heat generation absorption parameter 1,  Soret 

number ,rS  chemical reaction parameter ,cR  and 

Lewis  number eL  on the above distributions are 

studied numerically, graphically and displayed 

throughout some Figs. 2-12. The ranges of the 

forgoing physical parameters are in decent close to 

those represented in the published studies of [[4], [9], 

[10], [11], [13], [24], [25], [26], [28], [33], [35], [43], 

and [45]]. These ranges can be listed as: ( 1.0,rP 

0.5,M  0.5,tN  1.5,bN  0.5,E 
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0.5,N  1,eL  0.5,rS  1.0,eR 

0.5,iCB  and 1 1.0).    

 
5.2.1. velocity profiles: 

     The variation of the velocity  'f   versus   

corresponding to several quantiles of the physical 

parameters M , 
aD , and   is illustrated through 

Figs. (2-4).  Fig.2. is sketched to scrutinize the 

influence of the magnetic field parameter M . In this 

figure it is realized that the velocity  'f   has a 

dual behaviour in terms of change of .M Thus, the 

value of the velocity  'f   decays with the 

improve in the values of magnetic field parameter 

M  along the range  0 0.5  . Physiologically, 

magnetic field parameter elucidates the ratio between 

the magnetic force and the viscous force. Moreover, 

the application of the transverse magnetic field has an 

inclination to create a drag force known as Lorentz 

force that resists the motion of the fluid, this is in 

great congruent with the nature theory which states 

that the elevation in the value of the magnetic field 

parameter M leading to an improvement in the 

Lorentz force. It is realized that Lorentz force 

contrast with the flow. This displays that the flow 

will overburden if we elevate the strength of the 

magnetic field.  Therefore, the fluid velocity declines. 

This result has an efficient role in several distinct 

types of industrial applications, especially in 

partiality to solidification processes like casting and 

semiconductor single crystal growth applications. In 

these claims, as the liquids experience solidification, 

fluid flow and turbulence occur in the solidifying 

liquid pool and have critical conclusions on the 

product quality control. The practice of magnetic 

fields has effectively been applied to monitoring melt 

convection in solidification systems. This behaviour 

is in great conformity with the represented 

behaviours in published by [[2], [3], [6], [10], [13], 

[24], [25], [41], and [44]]. On the contrary, along the 

range  0.5 1  the inverse behaviour is 

occurred. This resulted observation is in great 

consistent with this explained by [44]. Fig.3. 

exemplify the features of the Darcy number aD  on 

the velocity  'f  . It is viewed from this figure that 

the Darcy number aD  has a reverse impact when 

compared with the magnetic parameter .M  

Physically, Darcy number known as the capacity of 

the porosity of the medium. For large values of the 

porosity of the medium fluid acquires more space to 

flow as a consequence its velocity increases.  This 

observed performance is in nice congruent to the 

behaviours demonstrated in the work of [[13], [14], 

and [44]]. Fig. 4. demonstrates the impact of the 

squeezing parameter   on the velocity  'f  . It’s 

depicting from this figure that the value of the 

velocity  'f   substantial enhancement with an 

elevation in the value of the squeezing parameter  .  

In the physical point of view, it is known that for 

positive values of the squeezing parameter  0 ,   

the plates moving apart. Whereas for negative values 

of the squeezing parameter  0 ,   the plates move 

together towards each other. Hence, larger values of 

the squeezing parameter  0   lead to substantial 

boost velocities. It is due to the fact that right plate 

moves a part the left plate which results a force in the 

fluid which contribute more fluid’s deformation.  

Therefore, the velocity profile enhances. This 

resultant behaviour is similar to the observed trend 

clarified by the published studies of [[2], [7], [9], 

[10], and [45]]. 

 

     Also, the influences of the embedded parameters 

, ,rG ,cG and .eR  on the velocity  'f  . are 

studied.  it’s recognized that they have the similar 

behaviour when compared with the Darcy number 

aD . To avert repetition, the graphs of these 

parameters are disregarded here. From the physical 

explanation, improving in the value of Eyring -

Powell parameter  0   leads to a development in 

the fluid. in addition, the fluid flow becomes less 

viscous and hence the fluid velocity is substantial 

enriched. This observed behaviour is similar to those 

recognized by [[4], [5], [6], and [10]]. Furthermore, 

the velocity has a dual performance under the 

influence of both of heat and mass transfer Grashof 

numbers rG  and ,cG which play a significant rule in 

this investigation. Physically, the heat transfer 

Grashof number enlarge the strength of the flow. 

Here positive values of the thermal Grashof number 

 0rG   corresponding to the cooling problem. 

Moreover, cooling problem has a substantial 

importance and encountered in the applications of 

engineering, such as in the nuclear reactors and 

cooling of electronic components. In addition, in the 

presence of natural convection heat transfer, the 

thermal Grashof number rG  elucidates the relative 

influence between the natural convection buoyancy 

force due to spatial variation in fluid’s density 

(caused by temperature differences T ) to the 

viscous hydrodynamic force acting on the fluid 

layers. It is, also, controls the ratio of length scale to 

natural convection thickness. As predicted, it is 
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detected that there is an improvement in the value of 

the velocity  'f   due to the increment of thermal 

buoyancy force. Also, as rG  enhances, the peak 

values of the velocity w  boosts quickly and then 

decompose smoothly to the free stream velocity. 

Also, the mass Grashof number represents the ratio of 

the buoyancy force to the viscous hydrodynamic 

force. According to the preceding definition, the fluid 

velocity enriches in accordance with the enlargement 

in the species buoyancy force. Therefore, one can 

detected that the velocity magnifies with enlarging 

values of mass Grashof number. These detected 

performances are fully consistent with those pointed 

out in [46]. Finally, the Reynolds number exhibits the 

ratio between the inertial forces and the viscous 

forces in the fluid. Consequently, as the Reynolds 

number enlarges, the viscous force diminishes. In 

particular, low Reynold’s number flows, being 

dominated by viscous effects, are typically laminar 

with little dynamic action, and are therefore more 

sluggish. At larger values of the Reynold’s number, 

the flow is typically turbulent with lots of large- and 

small-scale swirling motions (called eddies or 

vortices) and the flow can be quite chaotic on small 

scale even when the gross flow is fairly steady and 

smooth on average. It is also possible to have large 

scale unsteadiness at high Reynold’s number. This 

noticed conduct is fully compatible with this 

displayed by [44]. To save spaces and avert reptation, 

we disregard these figures.  

5.2.2. Stream function profiles: 

     The variation of the stream function  f   versus 

  for distinct values of the diverse physical 

parameters  , M , 
aD , ,  ,eR  rG and cG  is 

examined. Fig.5. portrays the influence of the 

magnetic field parameter M on the stream function

 .f   In this figure it is detected that the value of 

the stream function  f   declines with the 

elevation in the value of the magnetic field parameter 

M . Physically, the magnetic field parameter M  

exhibits the ratio between the magnetic force and the 

viscous force. In accordance with this definition, the 

development in the value of the magnetic field 

parameter M  leading to an enlargement in Lorentz 

force, which impeded the movement of the fluid 

flow. Thus, a detraction behaviour is witnessed in 

both velocity and stream function.  This decelerated 

performance is corresponding to this presented by 

[13]. On the other hand, Fig.6. reflects the 

characteristics of the squeezing parameter   on the 

stream function  f  . It is depicted from this 

figure that the squeezing parameter 0  has an 

inverse conduct when compared with the magnetic 

parameter M . This increasing performance is similar 

to the behaviour elaborated by [45].  Fig. 7. 

scrutinizes the effect of the Reynold’s number eR  on 

the stream function  f  . It’s evident from this 

figure that the value of the stream function  f 

enlarges with an improvement in the value of the 

Reynold’s number eR . Furthermore, the impacts of 

the other distinct physical parameters ,  ,eR  rG  

and cG  on the stream function are analysed. It’s 

demonstrated that all these parameters behave as the 

same as the squeezing parameter  . These figures 

are eschewed here to save length.  

5.2.3. Temperature profiles: 

 

      The variance of the temperature   versus   for 

various quantities of the parameters E , x , and rP  

is discussed. Fig.8. visualize the effect of the thermal 

relaxation time parameter E  on the temperature .
it is viewed through this figure that the temperature 

 diminishes with the increment in the value of 

thermal relaxation time parameter .E  from the 

physiological explanation,  the physical parameter E  

incarnates the supplementary effect of  heat flux 

relaxation time which is depicted in the non-Fourier 

model and is absent in the classical Fourier model. 

The non-Fourier Cattaneo-Christov heat flux model 

can be return to simple Fourier law of heat 

conduction by setting  0E  . Also, the rise in the 

value of E  creates a non-conducting behaviour. 

Furthermore, it’s captured that the particles require 

more time to transmit heat to its contiguous particles. 

That leads to reduce in the value of the temperature 

.  Moreover, the temperature distribution increases 

only in the absence of thermal relaxation time 

parameter .E  Thus, it can be recognized that the 

temperature profile in the case of Fourier’s law is 

greater than the case of Cattaneo – Christov heat flux 

model. This resultant behaviour is in great consistent 

to the behaviour examined by [[1], [3], [4], [7], [14], 

[24], and [25]]. Fig.9. elucidates the impact of the 

distance x on the temperature  . It’s depicted that 

the temperature  enriches with the enhancement in 
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the value of x .  Fig. 10 exemplify the characteristics 

of the Prandtl number rP  on the temperature .  It’s 

recognized from this figure that the value of the 

temperature   decays with a development in the 

value of the Prandtl number rP . Physically, the 

Prandtl number represents the ratio of momentum 

diffusivity to thermal diffusivity inside the fluid, 

determines ratio of fluid. It is known that the small 

values of the Prandtl number  1rP  represents 

liquid metals, that have high thermal conductivity but 

low viscosity. Meanwhile, large values of the Prandtl 

number  1rP   correspond to high-viscosity oils. 

Specifically, Prandtl number 0.72, 1.0,rP   and 

7.0 correspond to air, electrolyte solution such as 

salt water and water, respectively [43]. In our 

investigation we have taken  1rP  to retrieve all 

the graphical results. Thus, the higher values of 

Prandtl number  0rP  are representative of 

polymeric non-Newtonian fluids. Larger values of the 

Prandtl number are associated with lower thermal 

diffusivity. Moreover, Prandtl number is inversely 

proportional to thermal conductivity. Polymers 

possess lower thermal conductivities and hence larger 

Prandtl numbers than for example liquid metals. The 

decrement in thermal conductivity with greater 

Prandtl number results in a strong decrease in fluid 

temperatures. This obtained conduct is in good 

conformity with the reported behaviours of [[1], [3], 

[4], [5], [6], [7], [9], [13], [25], [27], and [45]]. 

 

     In addition, the features of the various physical 

parameters ,dR ,iTB  and   on the temperature  

are studied. It’s noticed that all of them behave 

similar to the behaviour of the Prandtl number rP . 

Physically, the decrement in fluid temperature due to 

the increment in the value of the radiation parameter 

dR  Since, according to the relation 

316
,

3

e h
d

e

T
R

K






increasing in the thermal radiation parameter declines 

the mean absorption coefficient ( K ), hence the value 

of temperature decay. This obtained behaviour is 

similar to those presented by [[10], [12], and [44]]. 

The dual performance of the temperature function 

under the impact of the values of heat generation 

parameter ( 1 ) is studied. It can be detected that the 

obtained results can be divided into two categories. 

Along the interval    0,0.8 ,  there is a 

detraction behaviour of temperature with an 

improvement in the value of heat generation 

parameter 1.  On the contrast, along the interval 

   0.8,1 ,  there is an increment behaviour of 

temperature with an enhancement in the heat 

generation parameter 1  is due to enlarge in 

exothermic chemical reaction.  This resultant 

observation is in great conformity with those 

elaborated by [[10], [12], [14], and [28]]. The heat 

transfer Biot number is known as the measure of the 

interaction between conduction in the solid and 

convection at its surface. In the physical view, this 

feature is due to the fact that an enhance in the heat 

transfer Biot number iTB  leads to decay the thermal 

conductivity of fluid flow. Therefore, the fluid 

temperature is declined.  This obtained trend is in 

great congruent with those reported by [[12], [33], 

and [35]]. Finally, the impact of the squeezing 

parameter   on the fluid temperature is discussed. It 

is detected that the temperature decays with an 

increment in the value of the squeezing parameter 

. This decrement trend is caused because higher 

squeezing parameter   declines the squeezing force 

on the fluid which consequently decrements the fluid 

temperature. This obtained performance is holds 

good with those exhibits in the works of [[7], and 

[11]]. To save spaces these figures are averted here. 

 

5.2.4. Nanoparticles concertation profiles: 

 

     The variance of the nanoparticles concentration  

versus   for distinct quantities of N , and tN   is 

analysed. Fig.11. reveals the influence of the mass 

relaxation time N  on  . As evident from this 

figure, the value of   enhances with an 

improvement in the value of the mass relaxation time 

N . This corresponding behaviour is in good 

agreement with the behaviour depicted by [24]. Fig. 

12 clarifies the influence of the thermophoresis 

parameter  tN  on   . It is noticed that the value of 

nanoparticles concentration enlarges with the 

increment in the value of the thermophoresis 

parameter  .tN  From the physical illustration,  the 

thermophoresis parameter tN  that measures the 

influence of the thermophoretic force on the 

nanofluid temperature and nanoparticles 

concentration,  Thermophoretic force known as` the 

force in which a nanoparticle applies physical force 

on another nanoparticles to move it away from the 

surface when the preceding gets heated due to the 

temperature of the sheet. An enhancement in the 

values of the thermophoresis parameter tN  enlarges 

the thermophoretic force which tends to move the 
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nanoparticles from a region having higher 

temperature to a region that has lower temperature 

and correspondingly an improvement in the values of 

nanofluid temperature and nanoparticles 

concentration is occurred. This performance is in 

good complying with those explained by [[1], [3], 

[6], [11], [13], [24], [25], [33], and [43]]. 

 

     Moreover, the physical effects of the various 

distinct parameters ,bN ,  and cR on the 

nanoparticles concentration   are examined. It’s 

viewed that ,bN ,  and cR behave similar to the 

performance of the mass relaxation time .N  from 

the physical explanation, Brownian motion means the 

random motion of particles suspended in a fluid 

resulting from their collision with the quick atoms or 

molecules in the fluid. A physical illustration of 

Brownian motion was presented by Einstein, who 

explained Brownian motion as the cumulative impact 

of innumerable collisions of the suspended particle 

with the molecules of the fluid. The nanoparticles 

concentration field is decrement function of 

Brownian parameter bN : In fact, when the Brownian 

parameter bN  enhances, the collisions between fluid 

particles enriches and ensure lower mass transport 

phenomenon from heated sheet toward the cold fluid. 

Therefore, nanoparticles concentration field shows 

detraction performance. This observed performance 

is in agreement with those detected in the works of 

[[1], [3], [5], [6], [11], [13], [25], [33], and [43]]. The 

impact of the squeezing parameter  0   on the 

nanofluid concentration   is illustrated. The 

detected declination in the behaviour of the nanofluid 

concentration caused since the fluid is dense outside 

the flow channel, so when plates move apart and 

spaced, enhance in   leads to decrement 

performance of the nanofluid concentration, this 

observation is fully conformity with this explained by 

[[7], and [11]]. the influence of chemical reaction 

parameter cR on the nanoparticles concentration   is 

examined. It is realized that with improving the 

distractive chemical reaction  0cR   nanofluid 

concentration is decayed. Physically, the positive 

values of the chemical reaction  0cR  represents 

the destructive chemical reaction. Meanwhile, the 

negative one  0cR  introduces the generative 

chemical reaction. Therefore, this diminishes 

performance of the nanofluid concentration is due to, 

chemical reaction takes place and progressively 

destroys the original species diffusing in the 

polymeric viscoelastic fluid. This, in turn, suppresses 

molecular diffusion of the remaining species which 

leads to a decline in the values of nanofluid 

concentration. Generally, it can be predicted that 

increment the chemical reaction parameter, cause 

decrement in the nanofluid concentration and 

reducing it will also enhance the nanofluid 

concentration. This resultant behaviour is in decent 

close to the behaviour realized by [10]. 

       Also, the impacts of the embedded parameters 

,M ,cG and .eL  on the nanoparticles concentration 

 are examined. Again, It’s recognized that ,M

,cG and .eL performed as same as the behavior of 

.N  The magnetic field parameter M  is known as 

the ratio of magnetic force to the viscous force. 

Physically, more heat produces due to the resistive 

force (Lorentz force). Thus, temperature field 

enhances. Consequently, the nanofluid concentration 

decays. This noticed performance is fully consistent 

with this elaborated by [11]. The impact of mass 

transfer Grashof number cG on the nanofluid 

concentration of the fluid has been examined by 

simulation. In fact, the mass transfer Grashof number 

 0cG  and the nanofluid concentration are 

inversely proportional to each other i.e.as cG  
enriches the velocity of the fluid enlarges and hence 

the nanofluid concentration decays. In addition, the 

Lewis number eL  is recognized as a dimensionless 

number which exhibits the ratio of thermal diffusivity 

to the mass diffusivity (or) “Schmidt number to 

Prandtl number”. Thus, the rise in the value of Lewis 

number eL  leads to decline the mass diffusion since 

the Lewis number eL  is inversely proportional to 

mass diffusivity. Consequently, a rise in the inter – 

molecular force is occurred and hence leads to decay 

in nanoparticles concentration.  Moreover, the 

increment in the magnitude of the Lewis number lead 

to the smaller Brownian coefficient diffusion. Thus, 

the concentration curves are decreased as a 

consequence of more effective momentum transfer 

through molecules. This observed conduct is in nice 

complying with the performances represented in the 

works of [[1], [3], [5], [6], [7], [10], [11], [12], [13], 

[24], [25], [26], [27], [28], [34] and [36]]. 

 

     Moreover, the influences of both mass transfer 

Biot number icB  and Soret number rS  on the 

nanofluid concentration   are studied. On the 

contrast, it is found that the parameters of icB  and 
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rS behave as the same as the thermophoresis 

parameter tN .Mass transfer Biot number exhibits the 

ratio of diffusive to reactive or conv mass transfer 

resistance, also, determines uniformity of nano 

concentration in solid. The nanoparticles 

concentration profile is detected to enrich for the 

increment in the values of the mass transfer Biot 

number iNB . Physically, the larger values of the 

mass transfer Biot number iNB  recommend a deeper 

penetration of nanoparticles concentration. This 

noticed influence is in great congruent with the 

behaviour reported by [9]. The Soret number rS

classifies the impact of the temperature gradients 

inducing significant mass diffusion effects. It is 

detected that an enhance in the Soret number rS  

leads to an enlargement in the nanofluid 

concentration. This noticed conduct is similar to this 

pointed out in the published work by [1]. All of these 

figures are disregarded here to save length and avert 

reputation. 

 

5.3. The physical quantities of our interest: 

5.3.1. the skin friction coefficient :e FR C  

     Fig. 13 visualize the effect of the Eyring – Powell 

fluid parameter   on the skin friction coefficient 

e FR C  with the squeezing parameter .   It is 

clarified from this figure, that the skin friction 

coefficient e FR C   has a dual behaviour under the 

impact of the squeezing parameter .  Hence, it 

elevates with an enhancement in the value of the 

Eyring – Powell fluid parameter   via the interval 

   0,0.6 . Meanwhile, along the interval  

 0.65,1  the inverse conduct occurred. This 

obtained performance is in decent close to the 

behaviour elaborated by the work of [5]. Fig. 14 

reveals the influence of the magnetic field parameter 

M  on the skin friction coefficient e FR C  with the 

squeezing parameter .  It is detected from this 

figure, that the skin friction coefficient e FR C

decays with an elevation in the value of the magnetic 

parameter .M  

5.3.2. the nano Sherwood number :xSh  

     Finally, the impact of the Brownian motion 

parameter bN  on the nano Sherwood number xSh  

versus the thermophoresis parameter tN  is depicts 

throughout Fig. 15.  As viewed from this figure, the 

nano Sherwood number xSh  has a dual performance 

under the influence of .bN Therefore, it enhances 

with an improvement in the value of Brownian 

motion parameter bN  along the interval 
tN 

 0,0.5 . However, at the interval 
tN   0.5,1  the 

vis versa occurred. Also, Nano Sherwood number

xSh  that, also, known as “the mass transfer Nusselt 

number”, introduces the ratio between the rate of 

convective mass transport of the nanoparticles (which 

is due to their flow within the fluid) and the rate of 

diffusive mass transport of them (that caused by their 

random motion). xSh  is used to compute mass 

transfer coefficient. 

 

Fig(2) 

 

 
 

 

Fig(3) 
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6. Conclusion 

     The principal objective in this study is to focus on 

the influence of Cattaneo-Christov double diffusion 

(CCDD) model on squeezing Eyring - Powell 

nanofluid between two parallel vertical plates in the 

presence of time. In addition, porous medium, 

thermal radiation, heat generation as well as uniform 

magnetic field are taken into account. Variable 

surface temperature and convected boundary 

conditions for both temperature and nanofluid 

concentration are also considered. A proper similarity 

transformation is utilized to convert our system from 

non-linear partial differential equations to ordinary 

differential equations for make it easy to solve. 

Homotopy perturbation method (up to the second 

order) is utilized to obtain the semi-analytical 

solution for the velocity, stream function, 

temperature, and nanoparticles concentration 

distributions. The effects of the different physical 

embedded parameters on these distributions are 

discussed numerically as well as graphically and 

represented via a set of draws.  Finally, the distinct 

physical quantities of the skin friction coefficient and 

nano Sherwood number are computed and presented 

graphically throughout some graphs. The main 

outcomes of the present investigation are summarized 

as follows: 

 

1- The magnetic field parameter M  has an 

inverse conduct when compared with Darcy 

number aD  on the velocity  .f   

2- The increment in the value of the squeezing 

parameter   leads to an improve in both 

values of the velocity and stream function. 

Whilst the temperature     and nanofluid 

concentration   decline with an 

enhancement the value of .  

3- The thermal relaxation time E  leads to a 

decrement in the value of the temperature 

 .   
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4- The enlarge in the value of the mass relaxation 

time N  enhances the value of the 

nanoparticles concentration  .  

5- Nano Sherwood number xSh  has a dual 

performance with the thermophoresis parameter 

under the influence of the Brownian motion 

parameter .bN  

6- The Newtonian case of this investigation can be 

represented by setting  0 .    

 
     The foregoing results may have applied 

substantial importance in various fields concerned in 

studying the squeezing non-Newtonian nanofluid in 

the presence of time. through two parallel vertical 

plates, under the impact of Cattaneo-Christov double 

diffusion.  Moreover, from the physical 

demonstration, this investigation of squeezing flow 

has great attention in view of several applications. 

Such as food, compression and injection shaping, 

polymer industries and liquid-metal lubrication, etc. 

the obtained results from our research can be utilized 

in the following applications: chemical injection 

systems, develops and manufactures wellhead control 

panels, and Including wellhead safety control 

systems, metallurgical process, polymer. 

Furthermore, this study is related in squeezing film 

pressure sensors, flow rheostats, bearings, and food 

processing [47-72]. 

 
Nomenclature 

Biot number for nano concentration 
iCB  

Biot number for heat transfer 
iTB  

Expansion / contraction strength coefficient 

parameter 
b  

Magnetic field strength 
0

B  

Dimensional Fluid concentration C  

Convective nanoparticles of the right wall C
f

 

Ambient nanoparticles of the left wall C
h  

Specific heat parameter of nanoparticle c
f

 

Specific heat parameter of nanoparticle c p  

Darcy number Da  
Brownian diffusion coefficient 

BD  

Thermophoretic diffusion  D
T  

Dimensionless stream function  f   

Acceleration gravity g  

Thermal Grashof number 
rG  

Nanoparticles Grashof number 
cG  

  Cattaneo Christov mass flux *j  

Thermal conductivity K  
Permeability of porous medium pK  

 Thermal diffusion ratio 

 TK  
Chemical reaction rate 

 1K  

Lewis number 
eL  

Magnetic field parameter M  

Brownian motion parameter 
bN  

Thermophoresis parameter 
tN  

Fluid pressure p  

Prandtl number 
rP  

  Cattaneo heat flux vector q  

 

 

 

 

 

 

 

 

Heat flux from surface 
mq  

Nano concentration flux 
wq  

Chemical reaction parameter 
cR  

Radiation parameter 

 dR  

Reynold’s number 
eR

 

Soret number 
rS

 
Time t  

Fluid temperature T  

Convective fluid temperature of the right plate fT
 

Ambient Temperature of the left plate 
hT

 
Mean fluid temperature 

mT
 

Greek symbols  

Non dimensional parameter   

Thermal expansion coefficient 
T  

Nano expansion coefficient 
C  

squeezing parameter   

Absorption constant 
e  

Fluid parameters , rc 
 

Thermal relaxation time 
E  

Nano relaxation time 
N  
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Stefan-Boltzmann constant 
  e


 
 Eyring – Powell fluid parameter   

Relaxation time of mass transfer 
E  

Relaxation time of heat transfer 

  N  
Dimensionless variable 

 

Fluid viscosity f  

f


 

Kinematic viscosity f
 

Dimensionless temperature   
Dimensionless nanoparticle phenomena   

Fluid density f  
Nanoparticle density 

 
p  

Heat capacity of the fluid   f
c

 
Effective heat capacity of fluid Material  

p
c

 
Electrical conductivity   

Ratio between effective heat & fluid capacity 

 
  

Shear stress 

 w  

 
 

.  
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