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Abstract 

In this present paper, we investigate an analysis of slip and Joule heating with 

radiation on MHD peristaltic blood flow with porous medium through a coaxial 

asymmetric vertical tapered channel under the approximations of long wavelength 

and low Reynolds number. An influence of various governing parameters such as 

Porous parameter (Da), Magnetic field (M), Prandtl number (Pr), Eckert number 

(Ec), heat source/sink parameter (γ), Brinkman number (Br) and radiation 

parameter (N) were discussed and illustrated graphically through a set of figures. 

It is noted that the temperature distribution increases by increase in N, Da, Br and 

M and also we observe that the temperature distribution decreases by an increase 

in Pr, β and γ. It can be seen that the temperature profile is found almost 

parabolic in nature. We notice that the heat transfer coefficient decreases in the 

portion of the channel x ε [0, 0.58] and then increases in the range x ε [0.58, 1] by 

increase in N, Br and M and also we notice that the heat transfer coefficient 

gradually increases in the portion of the tapered channel x ε [0, 0.58] and then it 

is slowly decreases in the rest of the channel x ε [0.58, 1] by increase in Pr, β, Da 

and γ. 
 

Keywords: We Joule heating, radiation, porous medium, heat source/sink 

parameter, MHD and tapered channel 
 

1. Introduction 

Motivation about the peristalsis is due to its vast occurring in many physiological 

mechanisms such as passage of transport of lymph in the lymphatic vessels, food 

transport through esophagus and urine from kidney to bladder. Utility of such flows 

persuaded engineers to make use of these in many industrial applications. Cosmetic 

products, chyme, bile, blood, mud at low shear rate, chyme and so on are examples of 

non-Newtonian fluids. For a long time, blood is treated as a very important fluid. Blood 

circulation performs different types of removal of metabolic products and removal of 

carbon dioxide, function in a human body such as transport of nutrients.  Since the first 

effort to study the fluid mechanics of peristaltic transport by Latham [1]. Parkes and 

Burns [2] have studied the peristaltic flow produced by sinusoidal peristaltic wave along a 

flexible wall of the channel under the pressure gradient. After these studies, several 
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investigators Fung and Yih[3] ,Zien and Ostrach [4], Raju and Devanathan [5], Srivastava 

et al., [6], Xiao and Damodaran[7], Elshehawey and Sobh[8], Maiti[9], 

Radhakrishnamacharya and Srinivasulu[10], Kalidas Das [11], Lika Hummady et al., 

[12], Ravikumar [13, 14] and M Kothandapani et al., [15] have studied peristaltic 

problems under various assumptions.  

On the other hand, Magnetohydrodynamics is also very helpful and applicable in 

different magnetic drug targeting like cancer diseases etc. MHD is also applicable in 

various engineering problems such as liquid–metal cooling of nuclear reactors, plasma 

confinement, electromagnetic and continuous casting process of metals. The decrements 

in blood pressure may cause to reduce the flow rate of blood and also it is noticed that the 

blood flow is affected by the presence of magnetic field because the red blood cell is a 

major bio-magnetic substance. In view of the above discussion many researchers studied 

MHD by developing different modeling. Sinha and Misra [16] analyzed blood flow under 

the external applied magnetic field. Effect of a moving magnetic field on blood has been 

analyzed by Stud et al., [17].Some pertinent studies on the present topic can be found 

from the list of references such as M. Kothandapani [18], S. Kh. Mekheimer [19], A. J. 

Chamkha [20], S. Ravikumar [21, 22, 23, 24] and therein. 

In dealing with heat and mass transfer problems, we examine a phenomenon called 

diffusion – thermo effect (Duffor effect) in which an energy flux could be generated by 

the concentration gradients in addition to that generated by the temperature gradients, as 

well on the other hand mass fluxes could be created by heat gradients which is well-

known by thermal- diffusion effect (Sort effect). Srinivas and Kothandapani [25] 

examined the heat transfer analysis for peristaltic flow in an asymmetric channel. Few 

relevant studies can be seen via attempts [26-30].Radioactive convective flows are 

frequently encounter in many scientific and environmental processes, such as heating and 

cooling of chambers, astrophysical flows, water evaporation from open reservoirs, , and 

solar power technology. Many researchers have investigated radioactive effects on heat 

transfer in nonporous and porous medium utilizing the Rosseland or other radioactive flux 

model. Few relevant studies can be seen via attempts such as Sanyal and Adhikari [31], 

Hakiem [32], Raptis [33], Bakier [34], Raptis and Perdikis [35], Rao [36], Ravikumar 

[37] and Prasad et al., [38]. 

 

2. Formulation of the Problem 

Consider the peristaltic transport of a viscous fluid through an asymmetric vertical 

tapered channel through the porous medium. Asymmetry in the flow is due to the 

propagation of peristaltic waves of different amplitudes and phase on the channel walls. 

We assume that the fluid is subject to a constant transverse magnetic field B0. The flow is 

generated by sinusoidal wave trains propagating with steady speed c along the tapered 

asymmetric channel walls. 

The geometry of the wall surface is defined as 

 
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
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 (2) 

Where b is the half-width of the channel, d is   the wave amplitude, 𝑐 is the phase speed 

of the wave and m 
 
(  1m  is the non-uniform parameter, 𝜆 is the wavelength, t is the 

time and X is the direction of wave propagation. The phase difference 𝜙 varies in the 

range 0 ≤ ϕ ≤ π, ϕ = 0 corresponds to symmetric channel with waves out of phase and 
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further b, d and ϕ satisfy the following conditions for the divergent channel at the inlet 

bd )
2

(cos


.

 
It is assumed that the left wall of the channel is maintained at temperature T0, while the 

right wall has temperature T1. 

The equations governing the motion for the present problem prescribed by 

0









y

v

x

u

         

(3) 

  )()(

1

2

02

2

2

2

cu
k

cuB
y

u

x

u

x

p

y

u
v

x

u
u 



















































 
    (4) 

  v
k

vB
y

v

x

v

y

p

y

v
v

x

v
u 





















































1

2

02

2

2

2




  

 (5) 

y

q
uBQT

yx
kT

y
v

x
uC

p









































 22

002

2

2

2

      (6)

 

u and v are the velocity components in the corresponding coordinates, k1 is the 

permeability of the porous medium, is the density of the fluid, p is the fluid pressure, k 

is the thermal conductivity,  is the coefficient of the viscosity, Q0 is the constant heat 

addition/absorption, Cp is the specific heat at constant pressure, σ is the electrical 

conductivity and T is the temperature of the fluid. 

The relative boundary conditions are 
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The radioactive heat flux (Cogley et al., [39]) is given by  
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here   is the mean radiation absorption coefficient. 

Introducing a wave frame (x, y) moving with velocity c away from the fixed frame (X, 

Y) by the transformation

 x = X-ct, y = Y, u = U-c, v = V and p(x) = P(X, t)      (8) 

Introducing the following non-dimensional quantities: 
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where 
b

d
 is the non-dimensional amplitude of channel ,




b
 is the wave number,

b

m
k





1

 is the non - uniform parameter , Re is the Reynolds number, M is the Hartman 

number ,
2

b

k
K  Permeability parameter ,Pr is the Prandtl number, Ec is the Eckert 

number, γ is the heat source/sink parameter, Br ( = EcPr) is the Brinkman number, and 
2

N  

is the radiation parameter. 

 

3. Solution of the Problem 

In view of the above transformations (8) and non-dimensional variables (9), equations 

(3-6) are reduced to the following non-dimensional form after dropping the bars, 
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Applying long wave length approximation and neglecting the wave number along with 

low-Reynolds numbers. Equations (10-12) become 
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The relative boundary conditions in dimensionless form are given by 
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where β is the non-dimensional slip velocity parameter 

The solutions of velocity and temperature with subject to boundary conditions (16) and 

(17) are given by 
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The coefficients of the heat transfer Zh1 and Zh2 at the walls y = h1 and y = h2 

respectively, are given by
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The solutions of the coefficient of heat transfer at y = h1 and y = h2 are given by  
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The volumetric flow rate in the wave frame is defined by 
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The pressure gradient obtained from equation (24) can be expressed as 
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where 
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The instantaneous flux Q (x, t) in the laboratory frame is 
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The average volume flow rate over one wave period (T = λ/c) of the peristaltic wave is 

defined as  
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From the equations (25) and (27), the pressure gradient can be expressed as          
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4. Numerical Results and Discussion 

The main object of this investigation has been to study an influence of slip and Joule 

heating with radiation on MHD peristaltic blood flow with porous medium through a 

coaxial asymmetric vertical tapered channel. The analytical expressions for velocity 

distribution, pressure gradient, and temperature and heat transfer coefficient have been 

derived in the previous section. The numerical and computational results are discussed 

through the graphical illustration. Mathematica software is used to find out numerical 

results. 

Figures (1) - (5) present the variations of dp/dx for a given wave length verses x. 

Figure 1 shows that by increase in magnetic field M (M = 1, 2, 3), pressure gradient 

increases with fixed other parameters Da = 0.1, k1= 0.1, t = π/4,    = π/6, ε = 0.2, β = 0.1,

Q  = 0.2, d = 2.Influence of porous medium on pressure gradient as shown in Figure 2. 

This figure shows that the pressure gradient decreases by increase in porous medium Da 

(Da =0.1, 0.2, 0.3) being fixed β = 0.1,
 Q  = 0.2, k1= 0.1, t = π/4,    = π/6, ε = 0.2, d = 2. 

Fig.3 represents the flow structure of the pressure gradient (dp/dx) for different values of 

Q  ( Q  = 0.2, 0.3, 0.4) with fixed M = 0.1, Da = 0.1 k1= 0.1, t = π/4,    = π/6, ε = 0.2, β = 

0.1, d = 2.It was observed that the pressure gradient decreases when Q  
 increases. The 

effect of β on pressure gradient is displayed in Fig4.It is clear that the pressure gradient 

increases when increase in β and it is interested to note that when β = 0.2 the pressure 

gradient raises suddenly and requires the larger pressure gradient to maintain the same 

flux to pass through it. Fig.5 reveals the pressure gradient verses x. The pressure gradient 

is increases in the portion of the tapered channel xε [0, 0.5] and then decreases in rest of 

the channel xε [0.5, 1] with increasing the values φ (φ = 0, π/6, π/3) with fixed M = 0.1, 

Da = 0.1 k1= 0.1, t = π/4, β = 0.1, ε = 0.2, Q  = 0.2, d = 2. 
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Figure 1. Pressure Gradient (dp/dx) for Different Values of M with Fixed Da = 

0.1, k1= 0.1, t = π/4,    = π/6, ε = 0.2, β = 0.1, Q  = 0.2, d = 2 

 

Figure 2. Pressure Gradient (dp/dx) for Different Values of Da with β = 0.1, 

Q  = 0.2, k1= 0.1, t = π/4,    = π/6, ε = 0.2, d = 2 
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Figure 3. Pressure Gradient (dp/dx) for Different Values of Q  with Fixed  

M = 0.1, Da = 0.1 k1= 0.1, t = π/4,    = π/6, ε = 0.2, β = 0.1, d = 2 

 

Figure 4. Pressure Gradient (dp/dx) for Different Values of β with Fixed  

M = 0.1, Da = 0.1 k1= 0.1, t = π/4,    = π/6, ε = 0.2, Q  = 0.2, d = 2 
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Figure 5. Pressure Gradient (dp/dx) for Different Values of   with Fixed  

M = 0.1, Da = 0.1 k1= 0.1, t = π/4, β = 0.1, ε = 0.2, Q  = 0.2, d = 2 

Figures 6-12 show that the effect of various parameters on temperature distribution. An 

influence of the radiation parameter N (N = 0.5, 0.7, 0.9) on temperature (θ) is depicted in 

Figure 6 with fixed Pr = 1, Br = 0.3, β = 0.5, k1= 0.1, Da = 0.6, M = 1, γ = 0.1, x = 0.6, t 

=0. 4, ε = 0.2,  = π/6.It is can be interpreted that the temperature increases by increase in 

radiation parameter N. Figure 7 reveals the temperature (θ) distribution with y. This figure 

reveal that the temperature distribution decreases by increasing the values of Prandtl 

number Pr (Pr = 1, 1.5, 2) being fixed N = 0.5, Br = 0.3, β = 0.5, k1= 0.1, Da = 0.6, M = 1, 

γ = 0.1, x = 0.6, t =0. 4, ε = 0.2,   = π/6. Figure 8 represents the flow structure of the 

temperature (θ) with different values of slip parameter (β). Indeed, the temperature slowly 

decreases with an increase in β (β = 0.5, 0.6, 0.7) with fixed N = 0.5, Br = 0.3, Pr = 1, k1= 

0.1, Da = 0.6, M = 1, γ = 0.1, x = 0.6, t =0. 4, ε = 0.2,   = π/6. The effect of porous 

medium on temperature distribution (θ) is depicted in Fig.9.This figure indicates that an 

increase in porous parameter Da (Da = 0.1, 0.2, 0.3), results gradually increases in the 

temperature of the fluid with fixed N = 0.5, Br = 0.3, Pr = 1, k1= 0.1, β = 0.5, M = 2, γ = 

0.1, x = 0.6, t =0. 4, ε = 0.2,   = π/6.Figure (10) presents the flow structure of the 

temperature (θ) with different values of Brinkman number Br (Br = 0.1, 0.3, 0.5) with 

fixed N = 0.5, Pr = 1, k1= 0.1, β = 0.5, M = 1, Da = 0.6, γ = 0.1, x = 0.6, t =0. 4, ε = 0.2. 

The result gradually increases by increasing the values of brinkman number. The effect of 

magnetic field on temperature distribution (θ) is depicted in Figure 11. This figure reveals 

that the temperature distribution gradually increases by increase in magnetic field (M = 1, 

2, 3) being other parameters fixed. Figure (12) reveals the temperature (θ) with heat 

source/sink parameter γ (γ = 0.1, 0.3, 0.5) being fixed N = 0.5, Br = 0.3, Pr = 1, k1= 0.1, β 

= 0.5, M = 1, Da = 0.6, x = 0.6, t =0. 4, ε = 0.2,
 
  = π/6.The results decrease by 

increasing the values heat source/sink parameter γ. Hence we conclude that an increase in 

N, Da, Br and M, the temperature distribution increases and also we notice that the 

temperature distribution decreases by an increase in Pr, β and γ. We notice that the 

temperature profile is found almost parabolic in nature. 
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Figure 6. Effect of N on Temperature (θ) with Fixed Pr = 1, Br = 0.3, β = 0.5, 

k1= 0.1, Da = 0.6, M = 1, γ = 0.1, x = 0.6, t =0. 4, ε = 0.2,   = π/6 

 

Figure 7. Effect of Pr on Temperature (θ) with Fixed N = 0.5, Br = 0.3, β =0.5, 

k1= 0.1, Da = 0.6, M = 1, γ = 0.1, x = 0.6, t =0. 4, ε = 0.2,   = π/6 
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Figure 8. Effect of β on Temperature (θ) with Fixed N = 0.5, Br = 0.3, Pr = 1,  

k1= 0.1, Da = 0.6, M = 1, γ = 0.1, x = 0.6, t =0. 4, ε = 0.2,   = π/6 

 

Figure 9. Effect of Da on Temperature (θ) with Fixed N = 0.5, Br = 0.3,  

Pr=1, k1= 0.1, β = 0.5, M = 2, γ = 0.1, x = 0.6, t =0. 4, ε = 0.2,   = π/6 
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Figure 10. Effect of Br on Temperature (θ) with Fixed N = 0.5, Pr = 1,  
k1= 0.1, β = 0.5, M = 1, Da = 0.6, γ = 0.1, x = 0.6, t =0. 4, ε = 0.2 

 

Figure 11. Effect of M on Temperature (θ) with Fixed N = 0.5, Br = 0.3,  

Pr = 1, k1= 0.1, β = 0.5, Da = 0.5, γ = 0.1, x = 0.6, t =0. 4, ε = 0.2,   = π/6 
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Figure 12. Effect of γ on Temperature (θ) with fixed N = 0.5, Br = 0.3, Pr =1, 

k1= 0.1, β = 0.5, M = 1, Da = 0.6, x = 0.6, t =0. 4, ε = 0.2,   = π/6 

The effect of radiation parameter N on heat transfer coefficient at the wall y = h1 verses 

x is depicted in Figure 13. Indeed, heat transfer coefficient decreases in the portion of the 

channel x ε [0, 0.58] and then increases in the rest of the channel x ε [0.58, 1] by increase 

in radiation parameter N (N = 0.5, 0.7,0.9) being fixed Br = 0.3, Pr = 1, k1= 0.1, β = 0.5, 

Da = 0.6, γ = 0.1, M = 1, x = 0.6, t =0. 4, ε = 0.2,
 
  = π/6. Figure 14 shows the effect of 

Prandtl number on heat transfer coefficient at the wall y = h1. This figure reveals that the 

results increases in the portion of the channel x ε [0, 0.58] and then slowly decreases in 

the other portion of the channel x ε [0.58, 1] with an increasing the values of Prandtl 

number Pr (Pr = 1, 1.5, 2) with fixed N = 0.5, Br = 0.3, k1= 0.1, β = 0.5, γ = 0.1, Da = 0.6, 

M = 1, x = 0.6, t =0. 4, ε = 0.2,
 
  = π/6.Heat transfer coefficient at the wall y = h1 verses 

x as depicted in Figure 15. The heat transfer coefficient gradually increases in the tapered 

channel x ε [0.58, 1] and then slowly decreases in the rest of the channel x ε [0.58, 1] by 

increasing the values of porous parameter Da (Da = 0.6, 0.7, 0.8) being fixed N = 0.5, Br 

= 0.3, k1= 0.1, β = 0.5, γ = 0.1, Da = 0.6, M = 1, x = 0.6, t =0. 4, ε = 0.2,
 
  = π/6.Fig.16 

analyzes the effect of magnetic field on heat transfer coefficient at the wall y = h1 .It is 

found that the heat transfer coefficient decreases in x ε [0, 0.58] and then increases in x ε 

[0.58, 1] when M (M = 1 , 3 ,5) has higher values with N = 0.5, Br = 0.3, k1= 0.1, β = 0.5, 

Da = 0.6, Pr = 1, γ = 0.1, x = 0.6, t =0. 4, ε = 0.2,
 
  = π/6. Figure 17 reveals that the heat 

transfer coefficient at the wall y = h1 increases in the portion of the channel x ε [0, 0.58] 

and then decreases in the rest of the channel x ε [0.58, 1] when slip parameter β has higher 

values with fixed other parameters N = 0.5, Br = 0.3, k1= 0.1, M = 1, Pr = 1.5, Da = 0.6, γ 

= 0.1, x = 0.6, t =0. 4, ε = 0.2,
 
  = π/6. Figure 18 presents the effect of Brinkman number 

Br (Br = 0.1, 0.3, 0.5) on heat transfer coefficient at y = h1. We notice that the heat 

transfer coefficient decreases in x ε [0, 0.58] and then raises gradually in the range x ε 

[0.58, 1] by increasing the values of Br. Heat transfer coefficient at the wall y = h1 with γ 

as shown in Fig.19.This figure indicates that the heat transfer coefficient increases in the 

portion of the tapered channel x ε [0, 0.58] and then decrease in the rest of the tapered 

channel x ε [0.58, 1] by increase in heat source/sink parameter γ with fixed other 

parameters. Finally we observe from the Figures 13-19, the heat transfer coefficient 

decreases in the portion of the tapered channel x ε [0, 0.58] and then raises gradually in 

the rest of the tapered channel x ε [0.58, 1] by increase in N, Br and M and also we notice 

that the heat transfer coefficient gradually increases in the channel  x ε [0, 0.58] and then 
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slowly decreases in the rest of the channel x ε [0.58, 1] by increase in Pr, β, Da and γ. We 

observe that the heat transfer coefficient profile is found almost an oscillatory in 

behaviour. 

 

 

Figure 13. Effect of N on Heat Transfer Coefficient at the Wall y = h1 with 
Fixed Br = 0.3, Pr = 1, k1= 0.1, β = 0.5, Da = 0.6, γ = 0.1, M = 1, x = 0.6,  

t =0. 4, ε = 0.2,   = π/6 

 

Figure 14. Effect of Pr on Heat Transfer Coefficient at the Wall y = h1 with 
Fixed N = 0.5, Br = 0.3, k1= 0.1, β = 0.5, γ = 0.1, Da = 0.6, M = 1,  

x = 0.6, t =0. 4, ε = 0.2,   = π/6 
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Figure 15. Effect of Da on Heat Transfer Coefficient at the Wall y = h1 with 
Fixed N = 0.5, Br = 0.3, k1= 0.1, β = 0.5, Pr = 1, M = 1, γ = 0.1,  

x = 0.6, t =0. 4, ε = 0.2,   = π/6. 

 

Figure 16. Effect of M on Heat Transfer Coefficient at the Wall y = h1 with 
Fixed N = 0.5, Br = 0.3, k1= 0.1, β = 0.5, Da = 0.6, Pr = 1, γ = 0.1, 

 x = 0.6, t =0. 4, ε = 0.2,   = π/6. 
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Figure 17. Effect of β on Heat Transfer Coefficient at the Wall y = h1 with 
Fixed N = 0.5, Br = 0.3, k1= 0.1, M = 1, Pr = 1.5, Da = 0.6, γ = 0.1, x = 0.6,  

t =0. 4, ε = 0.2,   = π/6 

 

Figure 18. Effect of Br on Heat Transfer Coefficient at the Wall y = h1 with 
Fixed N = 0.5, Da = 0.6, k1= 0.1, M = 1, Pr = 1, β = 0.5, γ = 0.1, x = 0.6,  

t =0. 4, ε = 0.2,   = π/6 
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Figure 19. Effect of γ on Heat Transfer Coefficient at the Wall y = h1 with 
Fixed N = 0.5, Br = 0.3, k1= 0.1, M = 1, Pr = 1, β = 0.5, Da = 0.6,  

x = 0.6, t =0. 4, ε = 0.2,   = π/6 

5. Conclusions 

In this present paper, a theoretical approach has been made to study the effects of an 

influence of slip and Joule heating with radiation on MHD peristaltic blood flow with 

porous medium through a coaxial asymmetric vertical tapered channel. The main 

observations found from the present study are given as follows. 

 

(a) The pressure gradient increases when magnetic field M and slip parameter 

increased. 

(b) The pressure gradient decreases   when porous parameter Da and Q  increased. 

(c) The temperature distribution increases with increase in N, Da, Br and M.  

(d) The temperature distribution decreases when Pr, β and γ increased.  

(e) An increase in N, Br and M, the heat transfer coefficient decreases in the entire 

tapered channel. 

(f) An increase in Pr, β, Da and γ, the heat transfer coefficient increases in the entire 

tapered channel. 
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