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ABSTRACT In this present study, we consider an incompressible heat and mass transfer with thermal radiation analysis 

for MHD peristaltic blood flow of a prandtlfluid under the influence of porous medium through a vertical tapered asymmetric 

channel. The gravity field is taken into the account.The left wall of the channel is maintained at temperature T0, whereas the right 

wall has temperature T1. The right and left wall boundaries of the tapered asymmetric channel are� =  �� and � =  ��.We tend 

to assume that the fluid is subject to a relentless transverse magnetic field B0. The fluid is induced by sinusoidal wave trains 

propagating with constant speed c along the channel walls. 

 

KEY WORDS:  Heat and mass transfer, Peristaltic Fluid Flow , porous cannel,thermalradiation. 

 

I.INTRODUCTION 

Past few years, a good variety of scholars consummates blood flow through various channels. The 

Literature of Biomathematics has provided withthe vast variety of applications in drugs and biology. 

Peristalsis has its monumental applications in themedical physiology. In medical physiology, it's 

concerned with the motion of food material within the disagreeable person, as an example, within the 

propulsion of food bolus within the passage, conversion of food bolus into nutrient within the abdomen 

and movement of nutrient within the bowel. Peristaltic motion in the industrial applications is engaged in 

the transport of corrosive and noxious fluids, roller and finger pumps, hose pumps, tube pumps, dialysis 

machines and heart-lung machines. Latham [1] and Shapiro et al.[2]conferred the peristalsis of viscous 

fluids through theoretical and experimental approaches. Parkes and Burns [3] 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 investigators Fung and Yih[4], Zien and Ostrach[5], Raju and 

Devanathan [6], Srivastava et al. [7], Xiao and Damodaran[8],  Elshehawey and Sobh[9], Umavathi et 

al.[10], Radhakrishnamacharya and Srinivasulu[11], Kalidas Das [12], Lika Hummady et al [13], 

Ravikumar[14and15] and  Kothandapani et al. [16] have studied peristaltic problems under various 

assumptions. Gangavathi et al. [17] have scrutinized the peristaltic flow of a prandtl fluid in an 

asymmetric channel under the effect of magnetic field. In another paper, Noreen Sher Akbar et al. [18] 

found that the peristaltic flow of a prandtl fluid model in an asymmetric channel. Kumar et al. [19] have 

analysed an influence of velocity slip conditions on MHD peristaltic flow of a prandtl fluid in a non-

uniform channel. Nadeem et al. [20] studied the series solution of three-dimensional peristaltic flow of 

Prandtl fluid in a rectangular channel. Rahmat Ellahi and ArshadRiaz [21] have presented a theory on 

peristaltic flow of a prandtl fluid model in an asymmetric. Convective heat transfer analysis on prandtl 

fluid model with peristalsis by Alsaedi et al. [22].Sivaiah and Hemadri Reddy [23] investigated an effect 

of slip conditions on the peristaltic transport of a conducting prandtl fluid in a porous non-uniform 

channel. Nadeem et al.[24] carried out the peristaltic flow for a Prandtl fluid model in an endoscope. 
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Heat and mass transfer plays a significant role in body process attributable to its intensive applications in 

engineering and biomechanics. Further, the biological connection of heat transfer with peristalsis can be 

seen within the process of oxygenation and hemodialysis. Though of the field in peristaltic flows gained 

the abundant interest of researchers with respect to the issues involving physiological fluids as blood. 

Having such preference in mind, some authors (Ogulu [25], Eldabe [26], Srinivas and Kothandapani 

[27],FAbbasi [28], Ravikumar [29], Abd-Alla et al. [30],Hayat [31],Ramesh [32],Sheikholeslami et 

al.[33],Ravi Kumar and  Ameer Ahamad [34],Abbasi, Shehzad [35]) analyzed the peristaltic transport 

with heat transfer and mass transfer. 

  

2. FORMULATION OF THE PROBLEM 

In this present study, we consider an incompressible heat and mass transfer with thermal radiation 

analysis for MHD peristaltic blood flow of a prandtlfluid under the influence of porous medium through a 

vertical tapered asymmetric channel. The gravity field is taken into the account.The left wall of the 

channel is maintained at temperature T0, whereas the right wall has temperature T1. The right and left wall 

boundaries of the tapered asymmetric channel are� =  �� and � =  ��.We tend to assume that the fluid is 

subject to a relentless transverse magnetic field B0. The fluid is induced by sinusoidal wave trains 

propagating with constant speed c along the channel walls. 

The geometry of the wall deformations are drawn by the subsequent expressions � =  �� = � + 
�� + 
 sin ���� �� − ����(2.1) � =  �� = −� − 
�� − 
 sin ���� �� − � �� + ��(2.2) 

Where b is the half-width of the channel, d is the wave amplitude, �isthe phase speed of the wave and m′

( )1<<′m  is the non-uniform parameter, �is the wavelength, t is the time and X are the directions of 

wave propagation. The phase difference �varies in the range    0 ≤ ϕ ≤ π, ϕ = 0 corresponds to the 

symmetric channel with waves out of phase and further b, dand ϕ satisfy the following conditions for the 

divergent channel at the inlet bd ≤)
2

(cos
φ

. 
 

 
Fig. 1 Schematic diagram of the physicalmodel 

The equations governing the motion for the present problem prescribed by 

The continuity equation is 
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���� + ��� = 0(2.3) 

The momentum equations are " �# ���� + $ ��� � = − �%�� + ��� &�� + �� &� − ' ()��# + �� − *+, �# + �� + "- ./01(2.4)            

" �# ���� + $ ��� � = − �%� + ��� & � + �� &  − "- �2.1(2.5) 

The energy equation is " 3% �# ��� + $ �� � 4 =  5 � �6��6 + �6� 6� 4 + 7) + '()�#� − �89�                                                    (2.6) 

The Concentration equation is �# �:�� + $ �:� � 4 =  ;< ��6:��6 + �6:� 6� =>?@A> ��6A��6 + �6A� 6�                                                                  (2.7) 

u and v are the velocity components in the corresponding coordinates, k1is the permeability of the porous 

medium, is the density of the fluid, p is the fluid pressure,  is the coefficient of the viscosity, σ is the 

electrical conductivity, g is the acceleration due to gravity, Q0 is the constant heat addition/absorption, 

Cpis the specific heat at constant pressure, Dm is the coefficient of mass diffusivity, Tm is the mean 

temperature, KT is the thermal diffusion ratioT is the temperature of the fluid and BC is the radioactive 

heat flux. 

Hence, for the Rosseland approximation for thermal radiation, we have 

 BC =  − 16 '∗4)G35∗ I4I� 

where '∗and 5∗are the Stefan-Boltzmann constant and the mean absorption coefficient. 

 

The Constitute equations for Prandtl fluid is given by (Patel and Timaol [36]) 

& =
⎣⎢⎢
⎢⎢⎡M sinN� O1� PI#I�Q� + RI$I�S�T��

OPI#I�Q� + RI$I�S�T�� ⎦⎥⎥
⎥⎥⎤ I#I� 

Where A and C are material constants of prandtl fluid model. 

Introducing the following non-dimensional quantities: � = �� � =  X � = YZ� # = �Y $ = �Y[ ℎ� = ],X ℎ� = ]6X ^ = X6%Y�* ;_ = +,X6 ` = X� ab =  cYX* d =  ()�ef* Pr =
 * :ij k =  lm X6* :i�A,NAm� n =  oX p = ANAmA,NAm Φ = :N:m:,r:m s = c tm6u*Y s� = c tmvu�*Y wY = *=>c, wC =  =>c +@�A,NAm�*A>�:,N:m� ax = �y f∗AmvX6G+∗* :i (2.8) 

where 
b

d
=ε is the non-dimensional amplitude of channel,

λ
δ

b
= is the wave number,

b

m
k

′
=

λ
1

is the 

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

ρ µ
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number, k is the heat source/sink parameter,Rn is the thermal radiation parameter,η andη1 are 

gravitational parameters, Pr is the prandtl numberSc Schmidt number and Sr Soret number. 

Now using non-dimensional quantities in equations (2.3-2.7) are reduced to the following non-

dimensional form after dropping the bars, ab` �# ���� + $ ��� � =  − �%�� + �� & � + ` ��� &�� − Rd� + �=tS # − Rd� + �=tS + s sin 1       (2.9) 

ab` �# ���� + $ ��� � =  − �%� + `� �� &� + ` �� &  − s � cos 1              (2.10) 

ab �`# �|�� + $ �|� � =  �}9 �`� �6|��6 + �6|� 6� + ~ + +ax �6|� 6(2.11) ab` �# ���� + $ ��� � =  ��� �`� �6���6 + �6�� 6� + ��9 �`� �6���6 + �6�� 6�(2.12) 

Applying long wavelength approximation and neglecting the wave number along with low-Reynolds 

numbers. Equations (2.9 - 2.12) become �%�� = �� & � − Rd� + �=tS # − Rd� + �=tS + s sin 1(2.13) 

�%�  = 0          (2.14) �}9 �6|� 6 + k + ax �6|� 6 = 0           (2.15) ��� �6�� 6 + wC �6�� 6 =  0                        (2.16) 

here  & � =  1 R��� S + �y R��� SG
  , where 1 _0
 ~ are Prandtl fluid parameters 

The relative boundary conditions in dimensionless form are given by 

u = -1, θ = 0, � = 0 at ( )[ ]φπε +−−−== txxkhy 2sin1 11
(2.17) 

u = -1, θ = 0, � = 0 at ( )[ ]txxkhy −++== πε 2sin1 12
(2.18)                                                                 

Equation (2.14) indicates that p is independent of y. Therefore, equation. (2.13) can be rewritten as �%�� = �� P1 R��� S + �y R��� SGQ − Rd� + �=tS # − Rd� + �=tS + s sin 1(2.19) 

The volumetric flow rate in the wave frame is defined by B = � #�6�, 
�          (2.20) 

The instantaneous flux Q (x, t) in the laboratory frame is 7 =  � �# + 1� 
� = B + �ℎ� − ℎ���,�6        (2.21) 

The average volume flow rate over one wave period (T = λ/c) of the peristaltic wave is defined as  7� = �A � 7A) 
� = B + 1 + 
         (2.22) 

3. SOLUTION OF THE PROBLEM 

Equation 2.19 is a non-linear equation and it's difficult to induce a closed type answer. But for 
vanishing β, the boundary value problem is agreeable to a simple analytical answer.Throughout this case, 
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the equation becomes linear and should be solved. Thus we have a tendency to expand the flow 

quantities during a series of the little parameter prandtl number β as follows. 

 

� # =  #) + ~#� + ��~���%�� =  �%m�� + ~ �%,�� + ��~��B =  B) + ~B� + ��~�� �        (3.1) 

Substituting (3.1) in the equation (2.19) and the boundary conditions (2.17) and (2.18) and equating 

thecoefficients of like powers of β, we get 

 

3.1 System of order zero �~)� 

1 �6�m� 6 − Rd� + �=tS #) =  �%m�� + Rd� + �=tS − s sin 1     (3.2) 

The relative boundary conditions in dimensionless form are given by 

u0 = -1 at   ( )[ ]φπε +−−−== txxkhy 2sin1 11
(3.3) 

u0 = -1 at ( )[ ]txxkhy −++== πε 2sin1 12
      (3.4) 

Solving equation (3.2) together with the boundary conditions (3.3) and (3.4), we obtain #) = 3 sinh�√M�� + ; cosh�√M�� − � %m� �� − (      (3.5) 

Where  

M =  Rd� + 1;_S1 ( = 1 − 1M1 s sin 1 3 = �_� − � ^)M 1� _�  − (_�_� � ;
= �−1 + ( + � ^)M 1� − 3sinh�√Mℎ��cosh�√Mℎ�� � ^) =  I^)I� _�
=  �sinh�√Mℎ�� cos�√Mℎ�� − sinh�√Mℎ�� cos�√Mℎ��� _� =  �cos�√Mℎ�� − cos�√Mℎ��� 

 

The volumetricflow rate q0in the moving coordinate system is given by B) = � #)�6�, 
�  = � R3 sinh�√M�� + ; cosh�√M�� − � %m� �� − (S�6�, 
� = ^)_� + _y (3.6) 

From the equation (3.6), 
�%m��   can be expressed as 

�%m�� =  8mN t�t�                           (3.7) _G =  sinh�√Mℎ�� − sinh�√Mℎ�� _� =  cosh�√Mℎ�� − cosh�√Mℎ�� 
_� = _G√M M 1 cos�√Mℎ�� + _� _G sinh�√Mℎ��√M M 1 _�cos�√Mℎ�� − _� _�√M M 1_� − �ℎ� − ℎ��M 1  

_y = −_Gs sin 1√M M 1 cos�√Mℎ�� − _� _Gs sin 1 sinh�√Mℎ��√M M 1 _�cos�√Mℎ�� + _� _�s sin 1√M M 1_� + �ℎ� − ℎ�� s sin 1M 1  −�ℎ� − ℎ�� 

3.2 System of first order �~� 

AEGAEUM JOURNAL

Volume 8, Issue 10, 2020

ISSN NO: 0776-3808

http://aegaeum.com/     Page No: 673



  

 

1 �6�,� 6 − Rd� + �=tS #� =  �%,�� − �y �� R��m� SG
          (3.8) 

The relative boundary conditions in dimensionless form are given by 

u1 = 0 at   ( )[ ]φπε +−−−== txxkhy 2sin1 11
                                            (3.9) 

u1 = 0 at ( )[ ]txxkhy −++== πε 2sin1 12
        (3.10) 

Solving equation (3.8) together with the boundary conditions (3.9) and (3.10), we obtain #� =  ������ + ���� cosh�√M�� + ����� + ��y� sinh�√M�� − ��� − ���bG√� + ��GbNG√�  −���� b√� − ���� bN√�         (3.11) 

� =  _� =  cosh�√Mℎ�� − cosh�√Mℎ�� �� = O1 − � sinh�√Mℎ��cosh�√Mℎ�� T �� = ;√M�� = 3√M 

�G =  ���G8 + ��G8 + 3�����8 + 3�����8 � �� =  �− ��G8 + ��G8 + 3�����8 − 3�����8 � 

�� =  �− ��G8 + ��G8 − 3�����8 + 3�����8 � �y =  ���G8 + ��G8 − 3�����8 − 3�����8 � �� = 3√M�G61 �� = 3√M��61 ��
= √M��61 ��) = √M�y61 ��� = ^�M1 ��� = ��8M ��G = ��8M ��� = ��2√M ��� = ��)2√M 

��y =  ��� Rcosh�√Mℎ�� bG√��, − cosh�√Mℎ�� bG√��6S�sinh�√Mℎ�� cos�√Mℎ�� − sinh�√Mℎ�� cos�√Mℎ��� 
+ ��G Rcosh�√Mℎ�� bNG√��6 − cosh�√Mℎ�� bG√��,S�sinh�√Mℎ�� cos�√Mℎ�� − sinh�√Mℎ�� cos�√Mℎ��� 
+ ��� Rℎ� cosh�√Mℎ�� b√��, − ℎ� cosh�√Mℎ�� b√��6S�sinh�√Mℎ�� cos�√Mℎ�� − sinh�√Mℎ�� cos�√Mℎ���  

+ ��� Rℎ� cosh�√Mℎ�� bN√��, − ℎ� cosh�√Mℎ�� bN√��6S�sinh�√Mℎ�� cos�√Mℎ�� − sinh�√Mℎ�� cos�√Mℎ���  

��� = ���bG√��, − ��GbNG√��, + ���ℎ�b√��, + ���ℎ�bN√��, − ��ysinh�√Mℎ��cosh�√Mℎ��  

The volume flow rate q1in the moving coordinate system is given by B� = � #��6�, 
� = ������ + ��)          (3.12From 

the equation (3.12), 
�%,��   can be expressed as 

�%,�� =  �8,N�6m����,�                                   (3.13) 

��� = ��√M � sinh�√Mℎ�� −  sinh�√Mℎ��  + �√M �cosh�√Mℎ�� −  cosh�√Mℎ��  − �ℎ� − ℎ�� 
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��) = ���√M � sinh�√Mℎ�� −  sinh�√Mℎ��  + ��y√M �cosh�√Mℎ�� −  cosh�√Mℎ��  

− ���3√M RbG√��6 − bG√��,S + ��G3√M RbNG√��, − bNG√��6S 

−��� ¡¢ℎ�b√��6√M − b√��6M £ − ¢ℎ�b√��,√M − b√��,M £¤ 

−��� ¡¢−ℎ�bN√��6√M − bN√��6M £ − ¢−ℎ�bN√��,√M − bN√��,M £¤ 

 

The dimensionless pressure rise per one wavelength in the wave frame is defined as Δ^ =  � o%o��)  
�          (3.14) 

The dimensionless friction force F at the wall (right wall) across one wavelength is given by 

 ¦ =  � ℎ�� R− o%o�S 
��)          (3.15) 

The solutions of temperature and concentration with subject to boundary conditions (2.18) and (2.19) are 

given by p =  0� + 0�� + §� ��                      (3.16) Φ = 0G + 0�� − ���9 §� ��           (3.17) 

Where 

0� = ¨ ℎ��2 − ¡−1 − 2̈ �ℎ�� − ℎ�� ℎ� − ℎ� ¤ × ℎ�0� = ¡−1 − 2̈ �ℎ�� − ℎ�� ℎ� − ℎ� ¤ 

0G = wYwC ¨ℎ��2 − ¡−1 − wYwC ¨2 �ℎ�� − ℎ�� ℎ� − ℎ� ¤ × ℎ�0� = ¡−1 − wYwC ¨2 �ℎ�� − ℎ�� ℎ� − ℎ� ¤ ¨ =  k ^C1 + axª« 

 

4. NUMERICAL RESULTS AND DISCUSSION OF THE PROBLEM 
The main object of this investigation has been to study the heat and mass transfer with thermal radiation 

analysis for hydromagnetic (MHD) peristaltic hemodynamic (blood) prandtl fluid model with the porous 

medium through a tapered vertical asymmetric inclined channel.The analytical expressions for velocity 

distribution, pressure gradient, pressure rise, frictional force,and temperature and concentration 

distributions 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.Throughout the computations we fixk1 = 0.1, ϵ = 0.2, t = 0.4, x = 0.6,ϕ = 
�y, Da = 0.1,  M = 5,β = 

0.2,α = 1.5,θ =
�y ,η = 0.5, d = 1,7 = 0.5, Pr= 2, Rn = 0.1,ν = 0.5, Sc = 0.2 and Sr = 2. 

 

4.1 Velocity profile 
Figure (2) shows the variation of axial velocity with y for different values of Hartmann number (M) with 

fixed other parameters. It is clear that the axial velocity decreases with an increase in Hartmann number 

(M = 4, 5, 6).Figure (3) displays the effect of prandtl fluid parameter α onaxial velocity distribution. It can 

be concluded from this figure that the axial velocity reduces with increase in prandtl fluid parameter α (α 

= 1.5, 2, 2.5). Figure(4) is drawn to review the impact of prandtl fluid parameter β on axial velocity (#) 

with fixed other parameters. It is realized that the results in axial velocity reduce by an increase in prandtl 
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fluid parameter β.Figure (5) describe the influence of porosity parameter (Da) on axial velocity (u).  We 

observe from this figure that the axial velocity enhances with the increase in porosity parameter 

(Da).Figure (6) elucidates that the influence of the gravity parameter (η) on axial velocity (u) distribution. 

Indeed, the fluid of the axial velocity enhances with an increase in η. 

 
Fig.2 Impact of M on Axial velocity 

 
Fig.3 Impact of α on Axial velocity 

 
Fig.4 Impact of β on Axial velocity 

 
        Fig.5 Impact of Da on Axial velocity

 

Fig.6 Impact of η on Axial velocity 
Pumping characteristics 

4.2 Pressure gradient  

Pressure gradient has been calculated as a function of x from the equations (3.7 and 3.13) and plotted 

from the figures 7-10. Figure (7) represents the variation of the axial pressure gradient with x for different 
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values of Hartmann number (M). We notice from this figure that the pressure gradient increases in the 

wider part of the channel i.e. xϵ [0, 0.4]∪[0.8,1] while it reduces in the narrow part of the channel i.e. xϵ [ 
0.4, 0.8] by an increase in Hartmann number (M =  4, 5,6). However, the blood flow fluid cannot pass 

easily in the wider part of the channel, in this case, we need more pressure gradient to maintain the same 

flux to pass through it. Figure 8 is drawn to study the effect of volumetric flow rate (Ǭ) on pressure 

gradient. It can be seen that the pressure gradient enhances in the region xϵ [0.5, 0.75] while it reduces in 

other portion of the regionxϵ [0.05, 0.5]∪[0.75,1]. Therefore, we conclude from this figure that in the 

narrow part of the channel i.e. xϵ [0.5, 0.75], the blood flow cannot pass easily, we require large pressure 

gradient to maintain same flux to pass through it while in the wider part of the channel i.e. xϵ [0.05, 

0.5]∪[0.75,1], the flow can easily pass without imposing large pressure gradient. The effect of Prandtl 

fluid parameter (α) on temperature profile is depicted in figure (9). We examine that the pressure gradient 

enhances near the boundary of the walls and also in xϵ [0.5, 0.8] and also we notice that the pressure 

gradient is maximum at x = 0.6, in case we require more pressure gradient to maintain the same flux to 

pass through it by an increase in  prandtl fluid parameter α. An effect of prandtl fluid parameter (β) on 

axial pressure gradient is presented in figure (10). It is interesting to note that the pressure gradient 

enhances throughout the region xϵ [0, 1] by an increase in β, this enhancement in the pressure gradient 

due to the increment of prandtl fluid parameter (β). Therefore, the blood flow cannot pass easily in the 

entire tapered asymmetric channel, we require more pressure gradient to maintain the same flux through 

pass it.  

 

 
Fig.7 Impact of M on Pressure Gradient 

 

 

Fig.8 Impact of 7� on Pressure Gradient 

 
Fig.9 Impact of α on Pressure Gradient 
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Fig.10 Impact of β on Pressure Gradient 

 

4.3 Pressure rise 

The pressure rise against the volume flow rate for various parameters of interest is illustrated in Figs. (11) 

to (14).In these figures the region is divided into four parts: Peristaltic pumping region (∆^ > 0, 7 ° > 0�, 

retrograde pumping region (∆^ > 0, 7 ° < 0�, augmented region (∆^ < 0, 7 ° > 0� and free pumping 

region (∆^ = 0�. Figure (11) reveals that the pressure rise versus volumetric flow rate7 ° . This graph 

shows that with increasing the Hartmann number, the pumping rate7 ° enhances in the entire retrograde 

(∆^ > 0, 7 ° < 0� and also in peristaltic pumping (∆^ > 0, 7 ° > 0� zones while the pumping rate 

gradually reduces in free pumping (∆^ = 0� and co-pumping (∆^ < 0, 7 ° > 0� zones. The effect of 

Prandtl fluid parameter (α) on pressure rise (∆^� is depicted in figure (12).It is interesting to note that the 

pumping rate rises in all four regions, i.e. retrograde pumping region (∆^ > 0, 7 ° < 0�, Peristaltic 

pumping region (∆^ > 0, 7 ° > 0�, free pumping region (∆^ = 0� and an   augmented region (∆^ <0, 7 ° > 0�with an increase in Prandtl fluid parameter (α). Figure (13) presented the various values of 

Prandtl fluid parameter (β) on pressure rise (∆^�. We observe from this graph that the pumping rate 

enhances in retrograde (∆^ > 0, 7 ° < 0� and also in peristaltic pumping (∆^ > 0, 7 ° > 0� zones but the 

volumetric flow rate gradually reduces in the co-pumping region (∆^ < 0, 7 ° > 0� by an increase in 

Prandtl fluid parameter (β). Impact of porosity parameter (Da) on pressure rise (∆^� is plotted in figure 

(14). We notice from this graph that the pumping rate gradually reduces in the entire retrograde (∆^ >0, 7 ° < 0� and also in peristaltic pumping (∆^ > 0, 7 ° > 0� zones whereas the behavior is opposite in co-

pumping region and also we notice that the pumping curves coincide with free pumping zone. 

4.4 Frictional force 
Figures (15) to (18) describe the variation of frictional force F against the flow rate for different 

parameters of interest. The frictional forces exactly have an opposite behavior when compared to the 

pressure rise. 
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Fig.11 Impact of M on Pressure rise 

 
Fig.12 Impact of α on Pressure rise 

 
Fig.13 Impact of β on Pressure rise 

 
Fig.14 Impact of Da on Pressure rise 

 
Fig.15 Impact of M on Friction force 

 
Fig.16 Impact of α on Friction force 
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Fig.17 Impact of β on Friction force 

 

 
Fig.18 Impact of Da on Friction force 

 

4.5 Heat transfer Analysis 

Variations of temperature distribution (θ) with respect to y for various values of interest like thermal 

radiation parameter (Rn), prandtl number (Pr), heat source parameter (k) and shifting operator (ϕ) are 

shown in figures 19 – 22. Figure 19 describes the behaviour of thermal radiation influence on temperature 

distribution. This graph shows that temperature of the fluid reduces within the tapered asymmetric 

vertical channel by an increase in thermal radiation parameter (Rn = 0.1, 0.2, 0.3) with fixed other 

parameters. Impact of prandtl number on temperature distribution is plotted in figure 20. This figure 

indicates that the results in the temperature of the fluid enhance with an increase in prandtl number (Pr = 

2, 5, 8). Figure 21is sketched for various values of heat source parameter (k) over the temperature of the 

fluid. We notice from this figure that the temperature of the fluid increases with an increase in source 

parameter (k = 0.1, 0.2, 0.3). Figure (22) displays the variation in temperature of the fluid with the shift 

operator (φ). It is seen clearly from this figure that, as shift operator increases, temperature profile 

diminished within the tapered channel. 

 

 
Fig.19 Impact of Rn on Temperature 

 
 

Fig.20 Impact of Pr on Temperature 
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Fig.21 Impact of k on Temperature 

 

 
Fig.22 Impact of � on Temperature

 

4.6 Mass transfer analysis 

The influence of thermal radiation parameter (Rn), prandtl number (Pr), heat source/sink parameter 

(ν),schmidt number  (Sc) and  soret number (Sr)on concentration distribution are shown graphically in 

Figs 23-27.Fig. 23 illustrates the effect of thermal radiation parameter (Rn) on concentration profile. We 

perceive from this graph that the concentration profile increases with an increase in thermal radiation 

parameter (Rn = 0.1, 0.2, 0.3).Effect of Prandtl number (Pr), Heat source/sink parameter (ν), 
Schmidtnumber (Sc) and Soret number (Sr)on Concentration profiles are depicted in Figs 24-27. We 

notice from these graphs that the results in concentration profile decreases throughout the asymmetric 

tapered channel with the increase in prandtl number (Pr), heat source/sink parameter (ν), schmidtnumber 

(Sc) and soret number (Sr) with fixed other parameters. 

 

 
Fig.23 Impact of Rn on Concentration profile 

 
Fig.24 Impact of Pr on Concentration profile 
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Fig.25 Impact of k on Concentration profile 

 

 

 
Fig.26 Impact of Sr on Concentration profile

 

 
Fig.27 Impact of Sc on Concentration profile 
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5. CONCLUSIONS 

Heat and mass transfer with thermal radiation analysis for hydromagnetic (MHD) peristaltic blood flow of a 

Prandtl fluid model with the porous medium through an asymmetric tapered vertical channel under the influence 

of gravity field has been investigated. The main findings are cited below. 

• The axial velocity rises when rising in porosity parameter (Da) and gravitational parameter (η) while it 

reduces by an increase in hartmann number (M) and prandtl fluid parameters (α and β). 

• The pressure gradient dp/dx enhances in the entire region x ∈ [0, 1] by an increase in prandtl fluid 

parameters (β). 

• Pumping rate enhances in retrograde (∆^ > 0, 7 ° < 0� and also in peristaltic pumping (∆^ > 0, 7 ° > 0� 

zones but the volumetric flow rate gradually reduces in the co-pumping region (∆^ < 0, 7 ° > 0� by an 

increase in prandtl fluid parameter (β). 

• Pumping rate rises in all the four regions, i.e. retrograde pumping region (∆^ > 0, 7 ° < 0�, Peristaltic 

pumping region (∆^ > 0, 7 ° > 0�, free pumping region (∆^ = 0� and an   augmented region (∆^ <0, 7 ° > 0� with the increase in prandtl fluid parameter (α). 

• The frictional forces exactly have an opposite behavior when compared to the pressure rise. 

• The temperature of the blood flow fluid rises with an increase in Pr and ν while it reduces with increase 

in Rn and ϕ.  

• The results in concentration distribution reduces with increase in Pr, ν, Sr and Sc while it increases by 

increase in Rn. 

 
NOMENCLATURE #, $ velocity components (unit: m/s) 5∗ mean absorption coefficient ³, � cartesian coordinates  4, 3 temperature (unit:K) and 

concentration �, � cartesian coordinates (unit: m) k thermal conductivity 

(uniy:W/(m.k)) 

b width of the channel k1 permeability of the porous medium 

d wave amplitude (unit: m) Q0 heat addition/absorption 

c wave velocity (unit: m/s) BC radioactive heat flux 

g acceleration due to gravity Cp specific heat at constant pressure 

m′  non-uniform parameter Re reynolds number 

t time (unit:s) Ǭ volumetric flow rate (unit: m
3
/s) 

B0 magnetic field (unit:T) M hartmann  number 

A, C material constants of prandtl fluid 

model 

Da porosity parameter 

T0 left wall has temperature Pr prandtl number 

T1 right wall has temperature Sc schmidt number ^ fluid pressure Sr soret number 5∗ mean absorption coefficient Rn thermal radiation parameter 
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4, 3 temperature (unit:K) and 

concentration 

Tm, 

Dm 

mean temperature, mass diffusivity 

(unit: m
2
/s) 

F friction force KT thermal diffusion ratio 
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