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Abstract.   

            In this paper, a study and an analysis of a heat and mass transfer during peristaltic flow for a pseudoplastic 

fluid in asymmetric tapered channel, and  a variable viscosity dependent of a fluid temperature with exist of slip 

conditions through porous medium and the influence of this conditions on the velocity and pressure, where the 

wavelength of the peristaltic flow is a long and the Reynold number is very small. The solution of equations for 

the momentum and energy have been on the basis of a perturbation technique for a found the stream function, 

velocity, pressure gradient and temperature and also have been discussed the trapping phenomenon by the graphs. 
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1.Introduction: 

     The process of peristalsis has become a subject 

of great importance for the researchers in view of its 

wide-ranging biomedical, physiological 

applications. You can see it in the food movement in 

the Intestine tract,the urine passage from a kidney to 

the bladder, Blood transfusion in the capillary blood 

vessels, also machines used in heart and lung 

operations and the movement of sperm in the male 

reproductive system and the transfer of the egg in 

the womb in women. Latham [1]  and the 

physiology of the gastrointestinal tract, esophagus, 

stomach, intestine, and ureter associated with the 

phenomenon of peristalsis was discussed in the book 

"Biomathematics"[2].Also on the industrial field 

where has encouraged the complex nature of fluids 

of which, oils, chemicals, petroleum and other 

fluids, has encouraged extensive studies and 

research into the properties of these fluids. where 

many researchers presented basic equations for 

various non-Newtonian liquids [3-7]. 

Heat transfer in peristalsis is beneficial in the 

applications such as blood pumps in heart  

operations, Kidney dialysis operations, and 

Magnetohydrodynamics (MHD) is a topic important 

to many researchers in the problems they treated 

conductive fluids e.g., blood, blood pumping 

appliances,  magnetic resonance imaging (MRI) for 

brain diagnosis. MHD has many implementations in 

geology (in the study of earthquakes and the subsoil 

of the earth) [8-15]. 

     The word nanofluid is referring to a fluid 

containing nanometer-sized particles. Choi [16], the 

Nanofluids have applications in numerous medical, 

biochemical and engineeering including neuro-

electronic interfaces, nanoporous materials (carbon, 

nanofibers), cancer diagnosis, drug delivery systems 

and many others. 

     The pseudoplastic fluids consider is a category of 

shear fluffy materials. In this materials, the viscosity 

decreases by enhancing shear rate. it is clear that 

non-Newtonian materials are involved in  many 

qualities and ingredients and processes including 

food mixing, food movement in the intestine, blood 

flow in arteries and capillaries, the flow of metal 

fluids and alloys. 

     

 

 

 

 

 

 Most of the researchers on the peristalsis channels 

studies consider fluid viscosity is constant ,But some 

of them showed great importance to the situations 

which can attention  variable viscosity of the 

fluid.And from these [17-24]. 

     In a study recent also, Misra et al.[25] the 

influence of heat and mass transfer in asymmetric 

channels during peristaltic transport of an MHD 

fluid having temperature-dependent properties and 

Sinha et al.[26] Peristaltic transport of MHD flow 

and heat transfer in an asymmetric channel: effects 

of variable viscosity, velocity-slip and temperature 

jump and Hayat et al. [27] Influence of convective 

conditions in radiative peristaltic flow of 

pseudoplastic nanofluid in a tapered asymmetric 

channel. 

     In this paper, we will study the heat and mass 

transfer in a tapered asymmetric channel under the 

effect of a magnetohydrodynamic during peristaltic 

transport of pseudoplastic nanofluid with slip 

conditions in peristaltic flow for a variables 

viscosity for this fluid, where the wavelength of the 

peristaltic flow is long and the Reynolds number is 

small. The equations for the momentum and energy 

have been linearized on the basis of these 

considerations. Expressions for the stream function, 

velocity, pressure gradient and temperature have 

been obtained. Pumping characteristics of the 

peristaltic flow and the trapping phenomenon have 

been discussed, and we obtained numerical results 

of different physical parameters and a graphs by 

using the software MATHEMATICA. Accordingly, 

we will analyzed these data based on these figures. 

 

2. Mathematical Formulation:           

     In the present study, we consider the flow of an 

incompressible magnetohydrodynamic (MHD) 

pseudoplastic nanofluid in a two-dimensional 

tapered asymmetric channel through a porous 

medium (see Fig.(1)) and the flux is induced by 

sinusoidal wave traveling propagating with constant 

velocity c along the channel walls and the effect this 

on a heat and mass transfer with a velocity of 

peristaltic waves. its walls are defined as: 
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   Fig.(1): Geometry of the tapered   asymmetric channel.   

 

Where 1 2( ,) ( )d d is the channel width , (b1) and 

(b2) are the amplitudes of right and left walls 

respectively, (c) is the phase speed of the wave,

 1m  is the non-uniform parameter, ( ) is the 

wave length, ( )t  the time, the phase difference ( )

varies in the range (0 )   where ( 0) 

corresponds to symmetric channel, with waves out 

of phase i.e. both walls move towards outward or 

inward simultaneously and further 1 2 1 2,  ,  ,b b d d ,  

satisfy the following condition at the inlet of a 

divergent channel. 

 
22 2

2 os
1 2 1 2 1 2

Cb b b b d d              (3)  

Here we assume the fluid to be electrically 

conducting in the presence of a magnetic field 

 00,  ,0B B . To calculate the Lorentz 

force we will apply a magnetic field just in 

Y direction  and then we study the effect of 

it on the fluid flow. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Constitutive Equations:       

     The expression of an extra stress tensor in the 

pseudoplastic fluid is [82] 

λ
1

DS
S

Dt



 

    
  

1
λ μ A A μA
1 1 1 1 1

2
S S               (4)  

In which 1  and 1 are the relaxation times.                                                                                                                                                   

Also  1

T
A V V    

  
, A1 is the first Rivlin-

Ericksen tensor with the velocity gradient, and 

/ / .dS dt S t V S                           (5)       

And 

   /
DS T

dS dt V S S V
Dt

    


         (6)                                

where  [ , ,0]V U V  is the velocity field,
D

Dt 
 is 

the upper-convected derivative   /d dt   is the 

material time derivative and 
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                  (7) 

 

The stress components ,  and  can be 

obtained through the following relation : 

 

        

   

                                                          (8) 

 

                                                                (9) 

 

                                                                     (10)     
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In above equations, ( t  ) denotes the dimensional 

time, ( P ) the pressure, (
XX

S ,
XY

S ,
Y X

S ,
Y Y

S ) the 

components of stress tensor, (  ) the fluid 

electrical conductivity,  

(U ) and (V ) are the velocity components in the 

axial and transverse directions respectively,  

( ) the thermal conductivity of fluid, ( 0B ) is the 

magnetic parameter, ( f ) the density of fluid,  

( p ) the density of nano-particles, ( )T the 

variable viscosity,(T ) the temperature of fluid, 

( mT ) the fluid mean temperature, ( TD ) the 

thermophoretic diffusion coefficient, ( 0 ) a 

constant viscosity and ( 0K ) the permeability 

parameter. 

The appropriate boundary conditions comp-rising 

wall slip and convective boundary cond-itions are 

given as follows:                      
 

0 1,u c T T at Y H         (15) 

1 2,u c T T at Y H         (16) 

Now we treat the wave frame having coordinates 

(X, Y) moving in the X-direction with wave velocity 

(c). The velocities, pressure, time and coordinates in 

two frames are a related  by: 

, , ( , ) ( , , ) ,

( , ) ( , , ), ( , ) ( , , )

x X ct y Y u x y U X Y t c

v x y V X Y t p x y P X Y t

      


   
        (17) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Where ,u v are the velocity components in the wave 

frame ( , )x y  and ,p P  are the pressures in the 

wave and laboratory setting respectively.      

Now we will define the non-dimensional quantities 

and stream function through the equations below: 

1 0, , , , , , ,
1 1 0

( ) ( ) ( )1 2( ) , ( ) , ( ) ,1 2
0 1 1

2
1 1 0, , , ,

20 0 1 1

1 2 1 0, , , ,
κ1 1

( )0 , ,1 0

x y ct u v d T T
x y t u v

d c c T T

T H x H x
h x h x

d d

d p d m K
p S S m Kij ij

c c d d

b b cd cf fa b R Pe r
d d

D T TTNt M d B
Tm

 
  


 





 

 



 

 

 
      



  


   


   


 

,u v
y x

 





















   
  

  (18) 

Where ( )  is the stream function, (x) is the non-

dimensional axial coordinate, (y) is the non-

dimensional transverse coordinate, (t) is the 

dimensionless time, (u) and (v) are non-dimensional 

axial and transverse velocity components 

respectively, (p) is the dimensionless pressure, (a) 

and (b) are amplitudes of upper and lower walls, 

( ) is the wave number, (m) is the non-uniform 

parameter, (K) is the Darcy number, (Re) is the 

Reynolds number, ( ) is the nanofluid            

kinematic viscosity,      /
p f

c c     is the 

ratio of the effective heat capacity of nanoparticle  

 

4. Governing Equations:     

     Based on the consideration made above, the governing equations that describe the flow in the present study as 

follows: 

                                                                                                                                     (11) 

            (12) 

                    (13) 

       (14) 
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material and heat capacity of the fluid, ( ) is the 

dimensionless temperature, ( )rP is the Prandtl 

number, (M) is the Hartmann number, ( )p  the 

density of nano-particles, (Nt) is the thermophoresis 

parameter.   

Since the flow is a steady and using the shifts in 

Eq. (17) and by introducing non-dimensional 

quantities [Eq.(18)] into constitutive relations 

(11)-(14), and conduct some algebraic 

processes we get the following equations: 

     0
u v

x y
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The low Reynolds number and long wavelength 

approximation are widely in the solution of issues 

concerning the peristaltic flows. The long 

wavelength approximation is based on a supposition 

that wavelength of the peris-taltic wave is 

considerably major as compared with the half width 

of the channel. 

And since the stream functions ( )is connected 

with the velocity components by the relations  

 ,   
 

u v
y x

  
  
 

  and  1  then: 
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 By simplifying Eqs.(29)-(31), we get  

2

2

2
2

1
2

y
S xy

y
















 
  
 

                              (32)  

Here  2 2
1 1

     is the pseudoplastic fluid 

parameter. 

 

 

 

 

 
 

For the simplicity of analysis, most research on fluid 

mechanics takes fluid viscosity as a constant 

quantity.But in many processes, the viscosity is a 

function of heat, and in the present study, we will 

take this into account by treating viscosity as an 

exponential function of temperature. Let us take,

  ( ) e


 


  , where (α) is the Reynolds model 

viscosity parameter, which is a constant. For 

( 1 ) neglecting the border which contains the 

powers of (α) more than two , we write 

1  ( )        for    1                      (33) 

And by offsetting it in Eq. (26), we get

2
3 2 3

3
3 2 3

p

x y y y
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1
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Where   
12 2

1
N M

K
   

The Eq.(27) shows that (p) is not a function of (y) of 

the non-dimensional axial coordinate Y, from this 

and also of Eq.(34), we get: 

2
4 2 4

3
4 2 4

22
2 3 21
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2 3 2

  1 0

y y y
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        (35) 

Similarly, the Eqs. (15) and (16), by using Eqs. (17), 

(18), then the boundary conditions for the 

dimensionless stream function and the temperature 

in the wave frame are: 

 ,  1 ,   0      
1 

2

 ,  1 ,  1     
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2

,
F

at y h
y

F
at y h

y


 


 


    




     








    

  (36) 

where (F) is the dimensionless  mean flows  in 

 the wave frame.where 

   , 2F x t Q aSin x     

               2bSin x                                  (37) 
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Where(Q) is the dimensionless mean flows in  

the wave frame. Here 
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                       (39) 

5. Solution technique: 

     The Eqs. (28) and (35) are cannot find an exact 

solution to it. And in order to solve this problem, we 

resort to perturbation method where is applied to 

find series solving for the small parameters (Sxy ,ψ, 

F, p) about fluid parameter ( ) and (θ)  about 

Prandtl number (Pr). as shown in the following 

equations. 

2   ,0 1 2

2   ,0 1 2

2   ,0 2

. . 2

1

p p p

F F F

2= +Pr +Pr +…  .0 1

p

F

    

 

 

  


    


    


   




                           (40)  

furthermore, the series solution is used only up to 

first order.  

 

6. Perturbed Systems: 

     To find the parameters values  we say 

(I) The solution (by perturbation technique) for the 

temperature in Eq.(28) which satisfies the 

boundary conditions (40), becomes: 

(i)  Zero order:   

2
0

0
2

y





                         

 (41) 

(ii) First order:  
0

22
1
2

0
y y
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   (42) 

With the dimensionless boundary conditions 
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Then   
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Since   .
0 1

Pr        (by Eq.(44))  we get: 
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(II) The solution (by perturbation technique) for the 

momentum equation (35) which satisfies the 

boundary conditions (40), we get: 

(i) zreo order:
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With the dimensionless boundary conditions 
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(ii) First order: 
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With the dimensionless boundary conditions 
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And from there it will be 

0 1                                               (51)                                                                                                                                                                                                                                   

Where a1,a2,…,a8 and b1,…,b6 are constant . Note 

also, u
y





 

(III) The solution  for the pressure equation (34) 

which satisfies the boundary conditions (40) 

and the   Eq. (44): 

(i) Zero order :  
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         (ii)   First order:           
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Now by Eqs.(52) ,(53) and (40) we get: 
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7. Average pressure rise:  

     By The Eq.(54) the pressure rise ( p ) per 

wavelength and the walls shear stress can be 

obtained by the formula   

       

1

0

p

x
dxp


 


                                      (55)                

8. Numerical results and discussion :  

    In this section, the graphs are a description of 

values various parameters under the effect of an 

(MHD) during peristaltic transport for the flow of 

pseudoplastic nano-fluids in the tapered asymmetric 

channel through a porous medium with variable 

viscosity.  

 

 

 

 

              (50) 
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The complicated behavior of the non-Newtonian 

fluids can be transacted more swiftly with the assist 

of numerical solutions, where solved numerically 

using perturbation technique for the nonlinear 

equations, therefore our numerical approach relies 

upon the linear equation solvers by Mathematica 

program to find the results numerically and 

graphically. 

 

8.1. The Pressure gradient distribution : 

     In this paragraph, describe the effect of different 

parameters which have an impact on the pressure 

gradient (dp/dx) per wavelength. The influence of 

these parameters is observed for a Figs. (2)-(7), 

where shown that in the wider part of the channel (-

0.7≤ x ≤-0.55) and (0≤ x ≤0.2), effect these 

parameters on pressure gradient are very small, 

which means that the flow can pass easily without 

imposing a large gradient pressure.Where, in the 

tight part of the channel (0.55≤ x ≤0), there must be 

a large pressure gradient in order to keep the same 

flow of fluid in the channel, especially for the 

narrowest place of approximately in (x = 0.25) and 

the values of  (y) and (t) are fixed at  y = 0.3 and t 

=2. This is illustrated by the Figs.(2)-(5) the increase 

of a value of parameters  (M, ϕ, Q , ξ ) is leading to 

the pressure gradient is increasing, but we observe 

an opposite in Figs.(6)&(7) where the pressure 

gradient is decreased when increasing the values of 

the parameters (m, K) . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig.(2):Variation of with increasing of  M 

 

 

 

Fig.(3): Variation of with increasing of       

 

 

Fig.(4): Variation of with increasing of Q 

  

 

 

Fig.(5): Variation of with increasing of  

 

 

Fig.(6): Variation of with increasing of m 
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8.2. Pumping Characteristics : 

     The Figs.(8)-(13) show the relation between an 

average pressure rise (Δp) and the mean flow rate 

(Q) with a various physical parameters  which are 

the Hartman number (M), the phase difference (ϕ), 

the pseudoplastic fluid parameter (ξ) ,the non-

uniform parameter (m) , the Darcy number (K) and 

the Prandtl number (Pr). And effect these parameters 

on the average pressure rise (Δp). We observe in 

Fig.(8) the pumping rate decrease in the co-pumping 

region  

(Q>0, Δp<0) while the opposite is happening in the 

retrograde pumping region (Q<0, Δp>0)  

with an increase of parameter (M). Illustrated by the 

Fig.(9), the pumping rate increase in the co- 

pumping region (Q>0, Δp<0) and decreasing in the 

retrograde pumping region (Q<0, Δp>0) with an 

increase in (m). Fig.(10) shows the effect of (ξ) on 

Δp, where the pumping rate decrease with an 

increase in (ξ) in the co-pumping region Δp < 0. 

Fig.(11) shows the impact of (ϕ) on average pressure 

rise (∆p), in a co-pumping region (Q>0, Δp<0) is 

increased up to point (0.93,-29.73) but the situation 

is reflected after that point, where there is a decrease 

in the pressure rate with enhancing of (ϕ). The Fig. 

(12), demonstrate the effect of (K) on (Δp). It is 

noted that (Δp) is increasing in the co-pumping 

region (Q>0, Δp<0) with values enhancing (K). 

Finally, the effect of the parameter (Pr) is very 

simple is  negligible on Δp, this is illustrated by Fig. 

(13). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(7): Variation of with increasing of K 

 

 
Fig.(8):Variation of with increasing of  M 

 
Fig.(9): Variation of with increasing of m 

 
Fig.(10): Variation of with increasing of  

 
Fig.(11): Variation of with increasing of  
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8.3. Velocity Profile :       

     The Fig.(14)-(17) illustrate the velocity profile 

(u) versus y-axis, and to see the effects of a change 

in the values for different parameters at the fixed 

values of x=0.3 and t=2. The behavior of velocity 

profile is parabola as seen through figures.We 

observed from the Fig.(14) that the axial velocity (u) 

increases with an increase in the Hartmann number 

(M) at the core part of the channel, but it decreasing 

for near to walls where this result is expected 

because the fact that an effect of magnetic field 

generates a Lorentz force which is a resistant 

force.This force tends to oppose the fluid movement 

causing the flux to decelerate. In Fig.(15) we 

observe the opposite. The velocity decreases in the 

center and increases near the walls by increasing the 

values of the thermophoresis parameter (Nt). The 

Figs.(16)&(17) shows the effect of the Darcy 

number (K), the mean flow rate (Q) on the velocity 

profile (u) ,where the velocity decreases with an 

increase values for these parameters, in the center of 

the channel . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.(12): Variation of with increasing of K 

 

 
Fig.(13): Variation of with increasing of  Pr 

 
 

Fig.(14):Variation of (u) with increasing of M 

 
Fig.(15): Variation of (u) with increasing of  Nt 

 
Fig.(16): Variation of  (u) with increasing of K 

 
Fig.(17): Variation of  (u) with increasing of  Q 
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8.4. Temperature distribution: 

     The Figs.(18)-(21) shows the variation in the 

distribution of temperature between the center of the 

channel and the layers near the walls, during the 

peristaltic motion of the fluid for the fixed values of  

x=1 and t=0.5. 

The Figs.(18)&(19) illustrate the effect a phase 

difference (ϕ) and the non-uniform parameter (m) on 

the temperature of fluid (θ),  

where (θ) is increasing near to walls with enhances 

to (ϕ & m), but the temperature is almost not 

affected by with height values of those parameters in 

center of the channel. While is the opposite with 

parameters (Nt) and (Pr) where the temperature of 

the fluid is decreasing near to walls of the channel 

and the effect of these parameters is gradually 

fading in the middle of the channel [see 

Figs.(20)&(21)]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.(18): Variation of ( ) with increasing of  

 
Fig.(19): Variation of  ( ) with increasing of  m 

 
Fig.(20): Variation of  ( ) with increasing of  Nt 

 
Fig.(21): Variation of  ( ) with increasing of  Pr 
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Fig.(22): Streamlines for  

and  for different M : (a)  M=1, (b) M=2 . 

 

                                          
Fig.(23): Streamlines for

 
  and  for different : (a) , (b)  . 

                                           
Fig.(24): Streamlines for  

 and  for different Q : (a)  Q=0.8 , (b)  Q=1  . 

                                          
Fig.(25): Streamlines for

 
and  for different  K :  (a)  K=0.1 ,  (b) K=2.2  . 
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12. Conclusions:   

     In this paper, we succeeded in presenting a 

mathematical model to study the effect of no-slip 

conditions with variable viscosity on peristaltic 

transport of a non-Newtonian pseudoplastic fluid 

inside an asymmetric channel. A regular 

perturbation method is employed to obtain the 

expression for the pressure gradient and pressure 

rise over a wavelength, velocity, temperature 

distribution, the heat transfer coefficient, the Nusselt 

number and the stream function.  

We have discussed the effect peristaltic flow and the 

rheological parameters of the fluid. 

 The increases of a value of parameters 

(M, ϕ, Q ,ξ ) is leading to the pressure 

gradient is increased and decreased 

when increasing the values of the 

parameters ( m, α , K). 

 The pumping rate (∆p) is  decre-asing 

with an increase in (M, ξ ) , But the 

opposite happens with the parameter 

(K)  in the co-pumping region. 

 The profiles of axial velocity (u) take 

parabolic shape for it is curves.  

 The axial velocity (u) increases with the 

increase in (M) at the core part of the 

channel but it decreases for near to 

walls, and the opposite happens with 

the parameters (Nt). 

 The axial velocity (u) decreases with an 

increase in (K, Q).  

 The temperature increases near to walls 

and almost not affected in center of the 

channel with enhances to ( ϕ ,m ) and 

the opposite with parameters (Nt, Pr). 

 The size of the trapping bolus increases 

with increasing of the parameters 

(Q,K), while it has decrease with 

increases of parameters (M, ξ ).  
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 وانكخهت في قناة غير يخناظرة يذببت اثناء اننقم انخًعجي نًائعححهيم نقم انحرارة 

انًجال يغناطيسييع نسوجت يخغيرة ححج حأثير ( انبسيذوبلاسخك)  
 

 

 يحًذ رزاق سهًاٌ             احًذ يىنىد عبذ انهادي

قسى انرياضياث –كهيت انعهىو  –جايعت بغذاد  
 

 

 انًسخخهص :

( في قُاة يذببت pseudoplasticوححهيم اَخقال انحزارة وانكخهت أثُاء انخذفق انخًعجي نًائع )في هذا انبحث ، دراست        

غيز يخًاثهت ، ونزوجت يخغيزة حعخًذ عهى درجت حزارة انسائم يع وجود شزوط الاَزلاق يٍ خلال وسظ يسايي وحأثيز 

ا. اٌ هذِ انظزوف عهى انسزعت وانضغظ ، حيث يكوٌ انطول انًوجي نهخذفق  ا جذا انخًوجي طويلاا و عذد ريُونذ صغيزا

حم يعادلاث انزخى وانطاقت قذ حى عهى اساس حقُيت الاضطزاب لايجاد دانت انخذفق وانسزعت وحذرج انضغظ ودرجت 

 انحزارة ، كًا حًج يُاقشت ظاهزة انًحاصزة باسخخذاو انزسوياث انبياَيت.
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