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ABSTRACT  

 

The present paper investigates the effects of peristaltic flow of blood through coaxial vertical channel with 

effect of magnetic field: blood flow study.The effects of various physical parameters on axial velocity and 

pressure gradient have been computed numerically.  It is observed that the maximum velocity increases 

with increase in Magnetic field (M) even though for phase shipt�����/ 4 for all the two cases 
���� = - 0.5,  ���� = -1. However, opposite effects are noticed for 

���� = 0.5,  
���� = 1. 
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1. INTRODUCTION 

 

Peristalsis is now well known to physiologists to be one of the major mechanisms for fluid 

transport in many biological systems. In the living systems peristalsis is the mechanism to propel 

foodstuffs through esophagus and the vasomotion of small blood vessels. Engineers developed 

pumps having industrial and physiological applications adapting the principle of peristalsis.Also, 

finger and roller pumps are frequently used for pumping corrosive or very pure materials so as to 

prevent direct contact of the fluid with the pump’s internal surfaces.  The problem of the 

mechanism of peristaltic transport has attracted the attention of many investigators since the first 

investigation of Latham [1].The fundamental studies on peristalsis were performed by Fung and 

Yih [2] using laboratory frame of reference and then by Shapiro et al. [3] using wave frame of 

reference. A number of analytical, numerical and experimental studies of peristaltic flows of 

different fluids have been reported by [4,5,6,7,8,9,10,11,12,13 and 14]The peristaltic fluid flow 

through channels with flexible walls has been studied by Ravi Kumar et al [15-22].  

 

Peristalsis is an important physiological mechanism for mixing and transporting fluids,which is 

generated by a progressive wave of area contraction or expansion moving on the wall of the tube 

containing fluid. The peristaltic fluid flows involving Newtonian and non-Newtonian fluids have 

been studied by[23-34].The Magneto hydrodynamic (MHD) flow of a fluid in a channel with 

peristalsis is of interest in connection with certain flow problems of the movement of conductive 

physiological fluids e.g. the blood and blood pump machines, and with the need for theoretical 

research on the operation of a peristaltic MHD Compressor. Blood is regarded as a suspension of 

small cells in plasma. Moreover, it is known that in blood flows in two layers, arteries,a core 

layerand the plasma layer near the wall consisting of suspension of cells in the plasma. The red 

blood cells, which contain iron, are magnetic in nature, the core may be treated as magnetic 

field.Abd El Hakeem et al [35] has been studied byEffects of a magnetic field on trapping  
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through peristaltic motion for generalize Newtonian fluid in a channel. Non-liner peristaltic flow 

of a non- Newtonian fluid has been studied by [36, 37].Recently, the study of magneto-

hydrodynamic (MHD) flow of electrically conducting fluids on peristaltic motion has become a 

subject of growing interest for researchers and clinicians. This is due to the fact that such studies 

are useful particularly for pumping of blood and magnetic resonance imaging. Theoretical work 

of Agarwal and Anwaruddin[38] explored the effect of magnetic field on the flow of blood in 

atherosclerotic vessels of blood pump during cardiac operations. Li et al. [39] observed that an 

impulsive magnetic field can be used for a therapeutic treatment of patients who have stone 

fragments in their urinary tract. AmitMedhavi[40] studied Peristaltic Pumping of a Non-

Newtonian Fluid.AmitMedhavi and U. K. Singh [41] studied Peristaltic Induced Flow of a 

Particulate Suspension in a Non-Uniform Geometry. 

 

2. MATHEMATICAL FORMULATION AND SOLUTION OF THE 

PROBLEM 

 

Consider the Peristaltic flow of blood through coaxial vertical channel with effect of magnetic 

field:  blood flow study. We assume that a uniform magnetic field strength B0is applied in the 

transverse direction to the direction of the flow (i.e., along the direction of the y-axis) and the 

induced magnetic field is assumed to be negligible. 

 

The equations of the channel walls is given by 

 � = ℎ�∗	
∗, �∗
 = 	�� + ��	��� ��� 	
∗ − ��∗
																																																																																						(1) � = ℎ�∗	
∗, �∗
 = 	−�� − ��	��� ��� �	
∗ − ��∗
 + ��                                                              (2) 

 

Where��, ��amplitudes of the waves, d1 + d2 areis the width of the channel � is the wave length, � is the phase differences 	0 ≤ � ≤ �
, c is the propagation velocity and t is the time. 

 

We introduce laboratory frame 	 ∗, !∗
 and the laboratory frame ( ∗, !∗) flow is unsteady. The 

coordinates and velocities in the wave and lab frames related through the following expressions 

are 

  ∗ 	= 	
∗ − ��∗, !∗ 	= 	�∗, "∗	 ∗, !∗
 = 	#∗ − �, $∗	 ∗, !∗
 	= 	%∗and &∗	 ∗
 = '∗	
∗, �∗
 
 

Where,	"∗, $∗
 and	#∗, %∗
are the velocity components in the wave frame. 

The equations governing wave frame of the present problem are given by 

 "∗� + $∗( = 0                                                                                                                               (3) "∗) + "∗"∗� + $∗"( =   − �* +,+- +  
.* /"∗�� + "∗((0 − 1* 2B4�56"∗ + �7                                          (4) 

$∗) + "$� + $∗$∗( =   − �* +,+- +  
.* /$∗�� + $∗((0 − 1* 2B4�56$∗ + �7                                           (5) 

 

ρ is the density of the fluid,  is the coefficient of the viscosity, σ is the electrical conductivity 

of the fluid and B4 is the constant transverse magnetic field.  

 

We introduce the following dimensionless parameters: 

 x = -∗
λ
y = :∗;< u = >∗? v = λA∗;<? P = ;<C,∗

λµ?  t = ?E∗
λ

 ,	� = ;C;< 

µ
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Re = 	 ρ?	;<
µ

,	M = Iσ
µ
B4d�, δ = KL

λ
, h� = 1 + ϕ�	cos	2πx 

h� = −d − Φ�cos		2πx + �
,Φ� = K<;<, Φ� = KC;< 
 

Where, Re is the Reynolds number, P is the pressure and M is the Hartmann number respectively.  

The governing equations in dimensionless form can be written as "� + $( = 0                                                                                                                                   (6) Reδ2uE + u	u- + vu:5 = S− +,+- + δ�u-- + u:: − 	M�
u − M�T                                                   (7) ReδU2vE + u	v- + vv:5 = S− +,+: + δVv-- + δ�v:: −M�δ�vT																																																																	(8) 

 

Using long wavelength (i.e.,W << 1) and negligible inertia (i.e.,YZ → 0) approximations,  

wehave +C>+:C − 	M�
u − M� = − +,+-(9) \�\( = 0																																																																																																																																																													(10) 

 

In the wave frame the boundary conditions are  

 

u = -1 aty =ℎ�,   u = -1    at y = ℎ�																																																																																																												(11) \C]\(C = 0at   y =ℎ�,  
\C]\(C = 0  at  y =ℎ�																																																																																																						(12) 

 

Solving equation (13) using the boundary conditions (15 and 16), we get 

 " = 6^ − 17_�`abℎ6c�!7 + 6^ − 17_�d��ℎ6c�!7 − ^                                                              (13) 

 

Where			c� = √M�,_� = 2fghi6j<iC7kfghi6j<i<752lmni6j<i<7fghi6j<iC7klmni6j<iC7fghi6j<i<75 
 

_� = 2lmni6j<i<7klmni6j<iC752lmni6j<i<7fghi6j<iC7klmni6j<iC7fghi6j<i<75,		^ = o1 + pqprs t 
 

The rate of volume flow q is given as 

u = v "�! =iC	�

i<	�
  

6^ − 17 ow<j< S2d��ℎ6c�ℎ�7 − d��ℎ6c�ℎ�75Tt + 6^ − 17 owCj< S2`abℎ6c�ℎ�7 − `abℎ6c�ℎ�75Tt −^6ℎ� −ℎ�7																																																																																																																																																																				(14) 

 

The instantaneous flux at any axial station is given by 

 x	
, �
 = y 	" + 1
�! = u + 	ℎ� − ℎ�
iC	�
i<	�
                                                                              (15) 

 

The average flux xz along one time period, we have 

 xz = y x�� = u + 1 + ��4 																																																																																																																		(16) 
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The pressure gradient obtained from equation (18) can be expressed as  

     

���� = M� { 	|}�}�
k�}~k	iCki<

o�<�<S2fghi6j<iC7kfghi6j<i<75Tt}o�C�<S2lmni6j<iC7klmni6j<i<75Ttk	iCki<
�(17) 

 

The pressure rise (drop) over one cycle of the wave can be obtained as  

 ∆�= y �������4 � = 

y � �C		|}�}�
k�}�
k	iCki<

�o�<�<S2fghi6j<iC7kfghi6j<i<75Ttko�C�<S2lmni6j<iC7klmni6j<i<75Tt�k	iCki<
��4 �   (18) 

 

3.  NUMERICAL RESULTS AND DISCUSSION 

 
In this section is concerned with the discussion of axial velocity and pressure gradient for 

different quantities. The axial velocity is shown in the figures (1) to (8) for different values of 

Magnetic field (M) with the phase shipt								and 					/ 4. The axial velocity 

distribution (u) with Magnetic field (M) as depicted in figures (1) to (4) for the phase 

shipt						with �� = 0.7, �� = 1.2, x = 0.25, d= 2. We observed that the axial velocity 

increaseswith increase in Magnetic field (M) for all the two cases 
���� = - 0.5, 

���� = -1.It is 

interesting to note that the opposite behaviour observed for 
���� = 0.5,  

���� = 1 as shown in Figures 

(3) and (4).Figure (5) to (8) displays the impact of Magnetic field (M) on an axial velocity  for the 

phase shipt					/ 4. It is interested to note that the maximum velocity increases with increase 

in Magnetic field (M) even though for phase shipt					/ 4 for all the two cases 
���� = - 0.5,  

���� 

= -1. However, opposite effects are noticed for 
���� = 0.5,  

���� = 1 as shown in figures (7) and (8). 

Figures (9) - (11) illustrate the variations of 
���� for a given wavelength versus x, where ∈ 60,17. 

Figure (9) illustrates the influence of average volume flow rate xzon the pressure gradient dp/dx.It 

is interested to notein the wider part of channel ∈ 60,0.27 and  ∈ 60.7,17the pressure gradient is 

relatively small. Hence, the flow can easily pass without imposing large pressure gradient. It is 

further observed that the pressure gradient increases by increasing the values of x.Figure (10) 

showsthat the influence of Magnetic field (M)on the pressure gradient dp/dx. This figure shows 

that the pressure gradient dp/dx is rapidly increases with increase in Magnetic field (M) in the 

entire flow field.Figure (11) showsthat the influence of 		on the pressure gradient dp/dx. We 

notice that the pressure gradient dp/dx is relatively small in the part of the channel ∈ 60.7,17.It is 
further observed that the pressure gradient increases by increasing the values of	. 
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Figure 1.The variation of u with y for different values of with
���� = -0.5, � = 0,�� = 0.7, �� = 1.2, x = 0.25, d= 2. 

 

 
 

Figure 2.The variation of u with y for different values of with 
���� = -1, 	� = 0,�� = 0.7, �� = 1.2, x = 0.25, d= 2. 
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Figure 3.The variation of u with y for different values of with 
���� = 0.5, � = 0,�� = 0.7, �� = 1.2, x = 0.25, d= 2. 

 

 
Figure 4.The variation of u with y for different values of with 

���� = 1, � = 0,�� = 0.7, �� = 1.2, x = 0.25, d= 2. 
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Figure 5. u with y for different values  ���� = -0.5,�� = 1.2,x = 0.25, d= 2,� = �V,�� = 0.7 

 

 
Figure 6.The variation of u with y for different values of with 

���� = -1, � = �V,�� = 0.7, �� = 1.2, x = 0.25, d= 2. 
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Figure 7.u with y for different values  ���� = 0.5,�� = 0.7,x = 0.25,�� = 1.2, � = �V ,d= 2. 

 

 
Figure 8.The variation of u with y for different values of with 

���� = 1, � = �V,�� = 0.7, �� = 1.2, x = 0.25, d= 2. 
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Figure 9.Pressure gradient versus x for� = �V,�� = 0.7, �� = 1.2, d= 2, M = 1 

 

 
 

Figure 10.Pressure gradient versus x for� = �V,�� = 0.7, �� = 1.2, d= 2, xz = 0.5 
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Figure 11.Pressure gradient versus x for�� = 0.7,  

�� = 1.2, d= 2, xz = 0.5, M = 1 

 

CONCLUSIONS  

 
Peristaltic flow of blood through coaxial vertical channel with effect of magnetic field:  blood 

flow study has been studied under long wavelength approximation. We conclude the following 

observations:  

 

1. It is observed that the maximum velocity increases with increase in Magnetic field (M) 

even though for phase shipt					/ 4 for all the two cases 
��

��
 = - 0.5,  

��

��
 = -

1.However, opposite effects are noticed for 
��

��
 = 0.5,  

��

��
 = 1 

2. It is observed that the wider part of channel ∈ 60,0.27  and  ∈ 60.7,17the pressure 

gradient is relatively small. Hence, the flow can easily pass without imposing large 

pressure gradient. 

3. Pressure gradient 
��

��
  increases in the entire part of the channel  ∈ 60,17 
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