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Abstract 

The presented article aims to present the flow of blood in microchannels such as veins and arteries via peristaltic 
flow.  The magnetic field is imposed to regulate the flow as laminar. Also, its impacts in terms of Hall current have been 
considered. The rate of heat transfer is further based on Joule heating and viscous dissipation aspects. Mathematical 
analysis has been conducted given long wavelength and small Reynolds number. Such preferences are relatable to the 
medical domain where the magnetic field regulates the flow stream and aids in the melting of blood clots in patients 
with various heart diseases. The solution for electric potential is calculated analytically while the velocity, temperature, 
and heat transfer rate are executed directly via the built-in command of Mathematica software. Since the magnetic field 
acts as an opposing force. Results show that the velocity and temperature are decreasing functions of the magnetic field. 
However, the temperature is increasing for Weissenberg number. 
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1. Introduction 

The recent past demonstrates that more attention has 
been paid to the field of study known as "microfluidics" 
in order to make improvements in micro fabrication 
technologies available. Electroosmotic flow (EOF) is 
important in a microfluidic system. Electroosmosis is 
essentially an electrokinetic process that investigates the 
ionic growth of fluids subjected to electric fields. A Stern 
layer (a charged surface with a high concentration of 
counter ions) is formed as a result of this action. The 
resulting Stern layer, combined with the diffusing layer, 
creates an Electric Double Layer (EDL). The potential 
(interfacial) between the diffuse double layer and the 
Stern layer is known as the zeta potential, and it is an 
important feature of many electrokinetic phenomena. 
Electrokinetic transportation has emerged as a vibrant 
area of modern fluid mechanics. Controlling biological 
transport systems requires an understanding of the 
combined effects of electrokinetic and peristaltic events. 

Electrokinetics includes electrophoresis, electroosmosis, 
diffusiophoresis, and other phenomena. Many 
microfluidic devices, including Lung chips, proteomic 
chips, lab-on-a-chip (LOC), portable blood analyzers, 
micro-peristaltic pumps, organ-on-a-chip, micro-electro-
mechanical systems (MEMS), micro-peristaltic pumps, 
DNA and bioMEMS, and microscopic full analysis 
systems, are based on the EDL and electroosmosis 
ideologies. Furthermore, MEMS, automation and 
parallelization, cost-effectiveness analysis, integration, 
miniaturisation, separation, biological/chemical 
component investigation, and high efficiency 
advancement are all related to microfluidic devices. Bag 
and Bhattacharyya [1] investigated non-Newtonian fluid 
with electro-osmotic effect in a micro-channel. The topic 
addresses the streaming of an ionic fluid with an electric 
field operation that is perpendicular to the electric object. 
According to an ambient electrical field which induces 
displacement of solvent molecules through viscous pull, 
the ionic items in the powered control plate are forced to 
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move. Despite considerable developments in direct 
peristaltic flow modeling, comparatively less progress has 
been shown in growing peristaltic flow possibilities. One 
such illustration is micro flow analysis by incompressible 
magneto-hydrodynamic fluid [2]. Microfluidic is one of 
the most significant field of science that utilizes micro-
electromechanical potential as a tool for the study of 
simple biochemical and physical mechanisms as well as a 
medium for biological and chemical processing. 
However, such electrical fields or electro-osmotic effects 
owing to peristaltic blood flow has not given much 
attention. J. Akram et al. [3], interestingly put forward an 
analysis to show the logical findings for the rate of 
movement of micro fluid particles in peristaltic flows. 
Hussain and Ali [4] examined the electro-kinetically 
moderated shear thinning transfer of fluids through a 
small divertible channel. They found the drastic results of 
electro-osmosis for the increase of pressure at lower 
concentration. Also the trapping is proficiently controlled 
by an electrical field and remains avoided at acceptably 
stronger electrical field power, as is the case with Hussain 
and Ali [4]. Further, Nekoubin [5] investigated power-law 
fluid's electro-osmotic effect for high zeta potentials in 
curved micro-channel. Nazeer et al. [6] numerically 
clarified the electro-osmotic behavior of non-Newtonian 
fluids. Zeeshan et al. [7] also examined the electro-
osmotic transport through a rectangular peristaltic pump 
induced by complex traveling wave with zeta potential 
and heat source. Akram et al. [8] considered electro-
kinetic transport of nanofluid.  Some researchers study the 
electroosmotic flow of different elements in a 
microchannel [9-13]. Zeeshan et al. [14] study the 
Electroosmosis‐modulated bio‐flow of nanofluid through 
a rectangular peristaltic pump induced by complex 
traveling wave with zeta potential and heat source. 
Traditional liquids such as water and natural oil have been 
shown in the literature to fall short of meeting 
contemporary expectations for improved thermal 
conductivities. Nanofluid research is a hot issue right now 
since it improves the thermal conductivity of traditional 
liquids. The nanofluidic flow issue has several 
applications in biomedical engineering, including 
medication delivery utilizing nanoparticles, heat 
exchanges, and tumor treatment. However, scholars have 
paid close attention to all of the above phenomena. Due to 
its wide range of purposes in the clinical and industrial 
sectors, the magnetic field has gained importance. Maraj 
et al. [15] Menthol-based nanofluid electroosmotically 

controlled magnetohydrodynamic peristaltic flow in a 
uniform channel with shape factor. The shear rate for 
blood flow is less and so MHD can be helpful to control 
blood flow from stenosis the arteries during cardiac 
surgery in the field of medicine. When considering a 
strong magnetic field, Hall effects cannot be ignored. 
Some representative researches explaining MHD, Hall 
current and radiation can be used through references [16-
21]. Reddy and Reddy [22] studied the peristalsis of the 
MHD fluid in a porous medium. 

 Blood is measured as non-Newtonian liquid (at low 
shear rate), especially near the dimension of cell.  
Suspended substances, as cells in blood are the source of 
non-Newtonian behavior. Shot et al. [23] implemented a 
model in which blood is treated through equations of 
viscoelastic material. Here research is restricted to the 
transmission of harmonic waves with low amplitude and 
the calculations are limited to mild stenosis. The 
observations discussed to indicate only improvements in 
the separate area, velocity distribution, confrontation, and 
wall shear stress, there is no proof of the effect of stenosis 
on strain and streamlines. There is still plenty more to be 
observed in the case of stenosis with the combined 
consequences of endogenous shear thinning flow and 
blood characteristics. Faster processors and further 
sophisticated computational procedures have at this 
instant made it conceivable to use a better network and in 
further realistic conditions to carry out studies. References 
[24-26] show some relevant revisions on non-Newtonian 
blood flow. Power law fluid is the simplest non-
Newtonian material. It determines the thickening and 
thinning of the substance. Nevertheless, the major 
drawback is that at very low and very high shear levels it 
is effectual. The Carreau fluid model was therefore 
proposed to address this drawback. Work in pulsatile flow 
of non-Newtonian fluid is vast, rather than electro-
osmotic aspects it is very limited. Hayat et al. [27] 
examined the magneto-hydrodynamic effect on peristalsis 
of shear thinning fluid in a channel. Noreen et al. [28] 
studied Carreau fluid in a curved channel for peristaltic 
motion. Tanveer et al. [29] examined peristaltic flow of 
Carreau fluid in a curved channel. 

 In arterial blood flow processes, the channel walls 
(arteries and veins) are usually flexible. However, most of 
the research on the topic uses the fixed pressure 
assumption and less focus has been given to wall 
flexibility properties. Bhatti et al. [30] study heat transfer 
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analysis and effect of Hall current on peristaltic activity 
with flexible walls. Gudekote et al. [31] elaborated wall 
flexibility impact on peristaltic flow through an inclined 
non-uniform channel. Gudekote et al. [32] also considered 
impact of wall properties conditions for non-Newtonian 
fluid in a non-uniform channel. Eldesoky et al. [33] 
interpreted the impacts of flexibility of walls and slip 
conditions on peristalsis in the presence of heat transfer 
analysis.  

Motivated by above mentioned aspects, this research 
has been designed to examine the peristaltic blood flow in 
arteries with magnetic field. Non-Newtonian liquid 
exhibiting shear thinning is taken, Hall current is retained. 
The considered problem has been simplified for long 
wavelength assumption and then solved for series 
solutions. The effects of pertinent parameters are 
described in detail in last section. 

 

2. Mathematical expressions 

2.1.  Regime of flow 

Electro-osmotic flow of two-dimensional 
incompressible shear thinning fluid in a micro channel 
having width 2D is considered. The wave propagation 
is along 𝜉-axis and 𝜂-axis transverse to 𝜉-axis. The 
flexible walls are for channel are taken (see Figure 1).  

 

 

Figure 1. Geometry of the problem. 

 

The stronger magnetic field (0, 0, 𝐵଴) is added with 
Hall current effect and it maintains Joule heating. 
Peristaltic waves travel along compliant walls of micro 
channel. The geometric model for the electro-osmotic 

shear thinning blood flow along complaint walls and an 
axially applied electric field, 𝐸క  is follows. 

Mathematical the wave shape is described by [7]: 

±ℎ෠ = ±[𝑎 − 𝑏 sin
2𝜋

𝜆
(𝜉መ − 𝑐𝑡̂)] (1) 

Where ±ℎ, 𝑎, 𝑏, 𝜆, 𝜉መ, 𝑐, 𝑡̂ represent the displacement of 
upper and lower walls, the half width at the inlet, wave 
amplitude, wavelength, axial coordinate, wave velocity 
and time respectively. The electrical field retains only the 
component of axial electrical field, and 𝐸𝜉, Electric field 
generation is emitted since we are supposing electro-
kinetic flow rather than electro-hydrodynamic (EHD) 
movement. In the following electrical areas, because of 
the low thermal conductivity of fluids used in EHD, they 
are broad enough to produce electrical induction 
phenomenon. Moreover, they are not mentioned in 
electro-kinetic flow. 

Applied magnetic field is expressed as [16]: 

𝐵෠ = (0, 0, 𝑩଴). (2) 

Current density satisfies [16]: 

𝐽መ =
ఙ

ଵାఈమ [൫𝑉෠ × 𝐵෠൯ −
ଵ

௘௡
(𝐽መ × 𝐵෠)]. (3) 

Lorentz force 𝐹෠ = 𝐽መ × 𝐵෠  leads to 

𝐽መ × 𝐵෠ = −
ఙ𝑩బ

మ

ଵାఈమ [(𝑢ො − 𝛼𝑣ො), 𝑣ො + 𝛼𝑢ො, 0], (4) 

where 𝐽መ represents the current density, 𝑉෠  velocity, 𝑒 
charge on electron, 𝑛 density of electron numbers, 𝑢ො  and 

𝑣ො velocity variables in 𝜉መ and 𝜂̂ directions, 𝑩଴ magnetic 

field strength, 𝛼 =
ఙ𝑩బ

௘௡
 the Hall current parameter and 𝜎 

electric conductivity of fluid. 

 

2.2. Shear thinning fluid model 

Cauchy stress tensor for Shear Thinning fluid obeys 
[34]: 

𝜏̂ = 𝜇൫𝛾̇෠൯𝐴መଵ  (5) 

with 
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𝜏̂ = − ቂ𝜇ஶ + (𝜇଴ − 𝜇ஶ)(1 + Γ𝛾ො)
೙షభ

మ ቃ 𝛾̇෠,  (6) 

 

𝐴መଵ = ∇𝑣ො + ∇𝑣ො், (7) 

where 𝜏̂ denotes extra stress tensor, 𝜇ஶ infinite shear rate 
viscosity, 𝜇଴ zero shear rate viscosity, Γ the time constant, 

𝑛 fluid index and 𝛾̇෠ is expressed as 

𝛾̇෠ = ට
ଵ

ଶ
∑ ∑ 𝛾ො௜௝𝛾ො௝௜௝௜ = ට

ଵ

ଶ
Π = ට

ଵ

ଶ
𝑡𝑟𝐴መଵ

ଶ .              (8) 

Here Π is second invariant stress tensor. We take the case 
for which 𝜇ஶ = 0 and 𝛤𝛾ො < 1. Thus 

𝜏̂ = −𝜇଴[1 + (
௡ିଵ

ଶ
)Γଶ𝛾̇෠ଶ]𝛾̇෠. (9) 

 

2.3. Distribution of electric potential: 

 Poisson expression for electrical potential is used as a 
consequence of the existence of EDP in the micro channel 
satisfying [28]. 

∇ଶΦ෡ = −
ఘෝ೐

∈∈బ
.  (10) 

Here 𝜌௘ depicts density of total ionic change, ∈ relative 
permittivity of the medium and ∈଴ permittivity of free 
space. Density of total ionic energy in a symmetric 
electrolyte, 𝜌௘  satisfies, 𝜌௘ = −𝑒𝑧(𝑛ା − 𝑛ି), where 𝑛ା 
and 𝑛ି elucidate the density numbers of Poisson equation 
for cations and anions can be described by.  

𝑛ො± = 𝑛ො଴𝑒
(±

೐೥

೅ೌೡ಼ಳ
థ෡ )

. (11) 

Where 𝑛଴, 𝑒, 𝑧, 𝑇௔௩ , 𝑎𝑛𝑑 𝐾஻ are the number density/bulk 
concentration, electronic charge, charge balance, average 
temperature, and Boltzmann constant. 

Nernst-Planck expression is established to evaluate the 
distribution for potential and defines the density of charge 
number i.e. 

డ௡ො±

డ௧መ
+ (𝑞. ∇)𝑛ො± = 𝐷∇ଶ𝑛ො± ±

஽೥೐

௄ಳ்
ቀ∇. ൫𝑛ො±∇Φ෡ ൯ቁ. (12) 

Further 𝑆𝑐 =
ఓ

ఘ೑.஽
, 𝜑 = ±

௘௭

்ೌ ೡ௄ಳ
Φ෡  represents the 

Schmidt number, non-dimensional electroosmotic 
parameter 𝜑 and 𝑃 𝑒 =  𝑅𝑒. 𝑆𝑐 denotes ionic Peclet 

number. Poisson equation is obtained by using limits 
𝑅𝑒, 𝑃𝑒, δ ≪ 1 as follows: 

డమ஦

డఎమ = 𝜅ଶ ቀ
௡శି௡ష

ଶ
ቁ. (13) 

And Nernst Planck expression is of the form: 

0 =
డమ௡±

డఎమ ±
డ

డఎ
ቀ𝑛±

డ஦

డఎ
ቁ. (14) 

 Bulk conditions for equation are  

𝑛±(𝜑 = 0) = 1,
డ௡±

డఎ
ቀ

డఝ

డఎ
= 0ቁ = 0. (15) 

Now, first simplifying the Equation (23) subject to the 
boundary conditions mentioned in Equation (24). This 
gives the ionic Boltzmann distribution as follows: 

𝑛± = 𝑒±஍. (16) 

The Poisson–Boltzmann function is obtained as: 

డమ஦

డఎమ = 𝑚ଶ𝑠𝑖𝑛ℎφ. (17) 

Where 𝑚 = 𝑎𝑒𝑧ට
ଶ௡బ

ఌ௄ಳ்
=

௔

ఒ೏
𝑑, 𝜆ௗ =

ଵ

௘௭ೡ
ට

బ்ఢ௄ಳ

ଶ௡బ
, are 

parameter sof electroosmosis and 𝜆ௗ  Debye length.  

A low-zeta potential technique must be used to modify 
Equation (38). Using Debye-Huckel approximation i.e., 
𝑠𝑖𝑛ℎφ ≈ φ. 

Now equation (17) becomes 

డమ஦

డఎమ = 𝑚ଶφ. (18) 

Implementing boundary conditions 
డ஦

డఎ
(0) = 0 and 

φ(h) = 1, whereas the analytical solution of electric 
potential Φ is obtained 

φ =
𝑐𝑜𝑠ℎ𝑚𝜂

௖௢௦௛௠௛
. (19) 

 

2.4. Governing equations 

Suppose the electro-osmotic blood flow of an 
incompressible shear thinning fluid by use of an 
externally distributed electric field. Energy expression is 
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supposed with viscous dissipation. Relevant expressions 
obey [28]: 

డ௨ෝ

డక෠
+

డ௩ො

డఎෝ
= 0, (20) 

 

𝜌 ቀ
డ௨ෝ

డ௧መ
+ 𝑢ො  

డ௨ෝ

డక෠
+ 𝑣ො

డ௨ෝ

డఎෝ
ቁ = −

డ௣ො

డక෠
+

డఛො
഍෡഍෡

డక෠
+

డఛො
഍෡ആෝ

డఎෝ
−

ఙ஻బ
మ

ଵାఈమ
(𝑢ො − 𝛼𝑣ො) + 𝜌ො௘𝐸క , 

(21) 

 

𝜌 ቀ
డ௩ො

డ௧መ
+ 𝑢ො  

డ௩ො

డక෠
+ 𝑣ො

డ௩ො

డఎෝ
ቁ = −

డ௣ො

డఎෝ
+

డఛො
ആෝ഍෡

డక෠
+

డఛොആෝആෝ

డఎෝ
−

ఙ஻బ
మ

ଵାఈమ
(𝑣ො + 𝛼𝑢ො), 

(22) 

 

𝜌𝑐௣ ቀ
డ்

డ௧መ
+ 𝑢ො  

డ்

డక෠
+ 𝑣ො

డ்

డఎෝ
ቁ = 𝑘 ቀ

డమ்

డక෠ మ +
డమ்

డఎෝమቁ +

ఙ𝑩బ
మ

ଵାఈమ
(𝑢ො ଶ + 𝑣ොଶ) + ቂቀ

డ௨ෝ

డఎෝ
+

డ௩ො

డక෠
ቁቃ 𝜏̂క෠ఎෝ +  

డ௨ෝ

డక෠
(𝜏̂క෠క෠ −

𝜏̂ఎෝఎෝ)]. 

(23) 

In which 𝑢ො, 𝑣ො, 𝜉መ, 𝜂̂, 𝜌, 𝑝̂, 𝜇଴, 𝑇, 𝑘 and 𝐸క are axial velocity, 
transverse velocity, axial coordinate, transverse 
coordinate, fluid density, pressure, fluid viscosity, 
temperature, thermal conductivity and axial electrical 
field. 

The relevant equation of motion for compliant walls as 
follows [33]: 

𝑀∗ = 𝑝̂ − 𝑝̂଴. (24) 

In which the operator 𝑀∗ that describes the use for 
extended membrane movement with damping viscosity 
forces [33] 

𝑀∗ = −𝜅
డమ

డక෠ మ + 𝑙ଵ
డమ

డ௧መమ + 𝐷
డ

డ௧መ
. (25) 

Here 𝜅 denotes membrane elastic tension, 𝑙ଵ the mass, 𝐷 
coefficient of viscous damping forces and wall flexibility 
is: 

డெ∗

డ௧መ
=

డ௣ො

డక෠
=

డఛො഍෡഍෡

డక෠
+

డఛො഍෡ആෝ

డఎෝ
− 𝜌 ቀ

డ௨ෝ

డ௧መ
+ 𝑢ො  

డ௨ෝ

డక෠
+

𝑣ො
డ௨ෝ

డఎෝ
ቁ −

ఙ𝑩బ
మ

ଵାఈమ
(𝑢ො − 𝛼𝑣ො) + 𝜌ො௘𝐸క . 

(26) 

We shall implement the following non-dimensional 
transformations [34, 35]. 

𝜉 =
𝜉መ

𝜆
, 𝜂 =

𝜂̂

𝑎
, 𝑡 =

𝑐𝑡̂

𝜆
, 𝑢 =

𝑢ො

𝑐
, 𝑣 =

𝑣ො

𝑐𝛿
, 𝑝

=
𝑝̂𝑎ଶ

𝜇଴𝑐𝜆
, 𝜏కక =

𝜆

𝜇଴𝑐
𝜏̂క෠క෠ , 𝜏కఎ

=
𝑎

𝜇଴𝑐
𝜏̂క෠ ఎෝ ,  

 

(27) 

𝜏ఎఎ =
ఒ

ఓబ௖
𝜏̂ఎෝఎෝ , , ℎ =

௛෡

௔
, 𝑊𝑒 =

୻௖

௔
, 𝑀ଶ =

஢஻బ
మ

ఌ(ଵା௔మ)
, 𝑢 =

𝜓క , 𝑣 = 𝜓ఎ , 𝑅𝑒 =
ఘ௖௔

ఓబ
, 𝜖 =

௕

௔
, (27) 

𝛿 =
௔

ఒ
, 𝑃𝑟 =

ఓబ௖೛

௞
, 𝐸 =

௖మ

௖೛( భ்ି బ்)
, 𝐵𝑟 =

𝑃𝑟. 𝐸, 𝐸෠ଵ = −
ఛ௔భ

య

ఒయఓ௖
, 𝐸෠ଶ =

௠భ௔భ
య௖

ఒయఓ
, 𝐸෠ଷ =

௔௔భ
య

ఒమఓ
, 𝑈ுௌ =

−
ா഍ఢ

௖ఓబ
 

(28) 

Where 𝛿 symbolize wave number, 𝑅𝑒 the Reynolds 

number, 𝜖 amplitude ratio parameter, 𝐸෠ଵ and  𝐸෠ଶ elastic 

parameters, 𝐸෠ଷ damping variable, 𝜓 the stream function, 
𝑀 Hartmann number, 𝑊𝑒 Weissenberg number, 𝑃𝑟 the 
Prandtl number, 𝐸 the Ercket number and 𝐵𝑟 the 
Brinkmann number. Now the related expressions satisfy 

డ௨

డక
+

డ௩

డఎ
= 0, (29) 

 

𝑅𝑒𝛿 ቂ
డ௨

డ௧
+ 𝑢

డ௨

డక
+ 𝑣

డ௩

డఎ
ቃ = −

డ௣

డక
+ 𝛿ଶ డఛ഍഍

డక
+

డఛ഍ആ

డఎ
− 𝑀ଶ(𝑢 − 𝛼𝛿𝑣) + 𝑚ଶφ𝑈ுௌ,  

(30) 

𝑅𝑒𝛿ଷ ቂ
డ௩

డ௧
+ 𝑢

డ௩

డక
+ 𝑣

డ௩

డఎ
ቃ = −

డ௣

డఎ
+ 𝛿ଶ(

డఛആ഍

డక
+

డఛആആ

డఎ
) − 𝑀ଶ(𝑣 − 𝛼𝛿𝑢) + 𝑚ଶφ𝑈ுௌ , 

(31) 

𝑅𝑒𝛿𝑃𝑟 ቂ
డఏ

డ௧
+ 𝑢

డఏ

డక
+ 𝑣

డఏ

డఎ
ቃ = 𝛿ଶ ቀ

డమఏ

   డకమ +
డమఏ

   డఎమቁ +

𝐵𝑟 ቂቀ𝛿ଶ డ௩

డక
+

డ௨

డఎ
ቁ 𝜏కఎ + 𝛿ଷ డ௨

డక
൫𝜏కక − 𝜏కఎ൯ቃ +

𝑀ଶ𝐵𝑟(𝛿ଶ𝑣ଶ + 𝑢ଶ). 

(32) 

 Where 

𝜏కక = 2𝛿 ቂ1 +
௡ିଵ

ଶ
𝑊𝑒ଶ 𝛾̇ଶቃ

డ௨

డక
, (33) 

 

𝜏కఎ = ቂ1 +
௡ିଵ

ଶ
𝑊𝑒ଶ𝛾̇ଶቃ ቀ

డ௨

డఎ
+ 𝛿ଶ డ௩

డక
ቁ, (34) 

 

𝜏ఎఎ = 2𝛿 ቂ1 +
௡ିଵ

ଶ
𝑊𝑒ଶ𝛾̇ଶቃ

డ௩

డఎ
. (35) 
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𝛾̇ = ට
ଵ

ଶ
𝛿 ቀ(

డ௨

డక
)ଶ + (

డ௩

డఎ
)ଶቁ + (

డ௨

డఎ
+ 𝛿ଶ డ௩

డక
)ଶ. (36) 

Low Reynolds and long wavelength yield. 

డ௣

డక
=

డ

డఎ
ቂ1 +

(௡ିଵ)

ଶ
𝑊𝑒ଶ൫𝜓ఎఎ൯

ଶ
ቃ − 𝑀ଶ𝜓ఎ +

𝑚ଶφ𝑈ுௌ, 
(37) 

 

డ௣

డఎ
= 0, (38) 

 

డమ ఏ

   డఎమ + 𝐵𝑟 ቂ1 +
(௡ିଵ)

ଶ
𝑊𝑒ଶ൫𝜓ఎఎ൯

ଶ
ቃ ൫𝜓ఎఎ൯

ଶ
+

𝐵𝑟𝑀ଶ(𝜓ఎఎ)ଶ = 0, 
(39) 

 
డ

డఎ
ቂ1 +

(௡ିଵ)

ଶ
𝑊𝑒ଶ൫𝜓ఎఎ൯

ଶ
ቃ − 𝑀ଶ𝜓ఎ +

𝑚ଶφ𝑈ுௌ = 𝐸෠ଵ
డయ௛

డకయ + 𝐸෠ଶ
డయ௛

డకడ௧మ + 𝐸෠ଷ
 డమ௛

డకడ௧
, 

(40) 

 

𝜏కక = 0,   𝜏ఎఎ = 0, (41) 

 

𝜏కఎ = − ቂ1 +
(௡ିଵ)

ଶ
𝑊𝑒ଶ൫𝜓ఎఎ൯

ଶ
ቃ 𝜓ఎఎ. (42) 

And incompressibility constraint is satisfied. Non-
dimensional form of coefficient of heat transfer is 
described as: 

𝑧 = ℎక𝜃ఎ . (43) 

 

2.5. Boundary conditions 

The significance of velocity and temperature at the 
walls of the micro channel are given by [22] 

𝑇 = 𝑇଴ 𝑎𝑡 𝜂̂ = −ℎ෠ , (44) 

 

𝑇 = 𝑇ଵ 𝑎𝑡 𝜂̂ = ℎ෠, (45) 

Where 𝑇଴ and 𝑇ଵ depict the temperature on the top and 
bottom walls of micro channel and 𝑇 implies the 
temperature. 

The boundary conditions are described as follows [35]. 

𝑢 = 0 𝑎𝑡 𝜂 = −ℎ. ℎ ⟹ 𝜓ఎ = 0 𝑎𝑡 𝜂 = −ℎ. ℎ, 

 
(46) 

𝐸෠ଵ
డయ௛

డకయ + 𝐸෠ଶ
డయ௛

డకడ௧మ + 𝐸෠ଷ
డమ௛

డకడ௧
= 𝛿ଶ డఛ഍഍

డక
+

డఛ഍ആ

డఎ
−

𝑅𝑒𝛿 ቂ
డ௨

డ௧
+ 𝑢

డ௨

డక
+ 𝑣

డ௨

డఎ
ቃ + 𝑀ଶ(𝑢 − 𝛼𝛿𝑣) +

𝑚ଶφ𝑈ுௌ, 

(47) 

 

𝜃 = 0 𝑎𝑡 𝜂 = −ℎ 𝑎𝑛𝑑 𝜃 = 1 𝑎𝑡 𝜂 = ℎ. (48) 

 

3. Results and discussion  

The obtained system of equations is highly non-linear 
whose exact solutions seems impossible to find. Hence the 
problem in hand is executed numerically via built-in 
software NDSolve in Mathematica. Such technique 
provides graphical description directly and thus 
complicated solution terms are avoided. The key point is 
to investigate effects of relevant parameters on 
significance of velocity contribution, significance of 
temperature contribution, coefficient of heat transfer and 
stream lines.  

The numerical and analytical findings inside this 
section are presented via the graphs. Figures-2((a)-(e)), 
Figures 3((a)-(e)) and Figures 4((a)-(e)) show numerical 
findings and some significant data which has been 
obtained through ND Solve by using Mathematica. 

 

3.1. Velocity distribution 

This subsection uses Figures 2 ((a)-(e)) to show how 
velocity changes in response to changes in the various 
related parameters. These figures examine the 
significance of velocity contribution under the influences 
of electro-osmotic parameter 𝑚, Hartmann number 𝑀, 
Helmholtz-Smoluchowski velocity 𝑈ுௌ, Weissenberg 
number 𝑊𝑒 and fluid index 𝑛.  
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(a) 

 
(b) 

 
(c)  

(d) 

 
(e) 

Figure 2. Significance of velocity contribution 𝑢 for (a). m (b). M (c). 𝑈ுௌ  (d). We (e) n, while other parameters are. 𝜉 = 1, 𝑡 =

0.1, 𝜖 = 0.8, 𝜙 = 0.2, 𝐸෠ଵ = 0.1, 𝐸෠ଶ = 0.2, 𝐸෠ଷ = 0.1, 𝑚 = 1, 𝑛 = 0.398, 𝑀 = 0.9, 𝐵𝑟 = 2, 𝑈ுௌ = −1, 𝑊𝑒 = 0.07. 

 

Figure 2(a) shows that 𝑚 improves strength of 𝑢, that 
is, the velocity 𝑢 increases through higher 𝑚 in the middle 
of channel. Since m is the fraction of the conduit height to 
the𝜆ௗ , it signifies that the increase of 𝜆ௗ leads to a 
decrease in EDL, so that a large amount of fluid rapidly 
flows in the central region. In fact, for larger values 
of m the effective conductivity decreases. It causes 
decrease in magnetic damping force and hence axial 
velocity enhances. Figure 2(b) indicates that 𝑢 increases 
when 𝑀 enhances. As 𝑀 is the fraction of Lorentz force 
(electromagnetic force) to viscous force, higher values of 

Hartmann number indicate stronger Lorentz force, hence 
more pressure is needed to overcome the Lorentz force. 
Figure 2(c) reveals that 𝑢 decreases in the channel center 
with larger 𝑈ுௌ whreas contrary behavior is examined 
near wall. In fact, 𝑈ுௌ  interprets physically the fluid 
speed decreases with higher EDL thickness. Figure 2(d) 
estimated that 𝑢 enhances with an increase in 𝑊𝑒. Figure 
2(e) predicted that 𝑢 decreases with higher 𝑛. We noted 
that our analysis is compatible with previous results 
presented in references [35, 36].
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(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

Figure 3. Significance of temperature contribution θ for (a). Br (b). M (c). 𝑈ுௌ (d). m (e) We, while other parameters are. 𝜉 =

0.1, 𝑡 = 0.4, 𝜖 = 0.3, 𝜙 = 0.2, 𝐸෠ଵ = 0.1, 𝐸෠ଶ = 0.2, 𝐸෠ଷ = 0.1, 𝑚 = 1, 𝑛 = 0.398, 𝑀 = 0.9, 𝐵𝑟 = 2, 𝑈ுௌ = −1, 𝑊𝑒 = 0.05. 

 

3.1. Temperature distribution 

The figures 3 ((a)-(e)) interprets the significance of 
temperature contribution under the impacts of Brinkmann 
number 𝐵𝑟, Hartmann number 𝑀, Helmholtz-
Smoluchowski velocity 𝑈ுௌ, parameter of electro-
osmotic 𝑚 and Weissenberg number 𝑊𝑒.  

Figure-3(a) shows the effects of 𝐵𝑟 on 𝜃, i.e., 𝜃 
increases for higher 𝐵𝑟 values, since 𝐵𝑟 describes the 
viscous dissipation which means transformation of kinetic 
energy to internal energy in response to viscosity. 
Moreover, the heat conductivity enhances due to viscous 
dissipation for higher 𝐵𝑟 values. Consequently, the 

temperature increases. Figure 3(b) determines the 
Helmholtz-Smoluchowski velocity 𝑈ுௌ effect on 𝜃. It 
indicates that 𝜃 declines for higher 𝑈ுௌ. Figure-3(c) 
examines that the temperature 𝜃 decreases against 𝑀. 
Figure-3(d) illustrates that the temperature 𝜃 increase of 
electro-osmotic parameter 𝑚. As a result, the decrease in 
EDL contributes to a remarkable increase for temperature 
𝜃. Figure-3(e) demonstrates that 𝜃 enhances while 
increase in value of Weissenberg number 𝑊𝑒. Result is 
compatible with previous analysis shown in references 
[35, 36]. 
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(a) 

 

(b) 

 
(c) 

 
(d) 

 
(e) 

Figure 4. Coefficient of heat transfer z for (a). Br (b). M (c). m (d). 𝐸෠ଵ, 𝐸෠ଶ , 𝐸෠ଷ (e) We, while other parameters are 𝑡 = 0.1, 𝜖 =

0.8, 𝜙 = 0.1, 𝐸෠ଵ = 0.1, 𝐸෠ଶ = 0.2, 𝐸෠ଷ = 0.1, 𝑚 = 0.2, 𝑛 = 0.5, 𝑀 = 0.3, 𝑊𝑒 = 0.01, 𝐵𝑟 = 0.3, 𝑈ுௌ = −1.  

 

3.2. Coefficient of heat transfer 

Electro-osmotic flow enables the coefficient of heat 
transfer to exhibit oscillating behavior through 
contraction and relaxation. The figures 4 ((a)−(e)) portray 
the coefficient of heat transfer 𝑧 under impacts of 
Brinkmann number 𝐵𝑟, Hartmann number 𝑀, electro-

osmotic parameter 𝑚, wall parameters 𝐸෠ଵ, 𝐸෠ଶ, 𝐸෠ଷ and 
Weissenberg number 𝑊𝑒.  

Figure-4(a) shows the rate of 𝑧 in presence of stronger 
viscous dissipation effect i.e., the heat transfer rate 
increases for higher Brinkman number 𝐵𝑟. Figure 4(b) 
indicates the decrease in 𝑧 due to higher Hartman number 

𝑀. The results shown in Figure-4(c) elucidates the 
increasing behavior in heat transfer rate for larger value of 
𝑚. Figure 4(d) portrays that for ascending values of wall 

parameters 𝐸෠ଵ, 𝐸෠ଶ, 𝐸෠ଷ the coefficient of heat transfer 
decreases. Figure 4(e) demonstrates the gradual 
increasing behavior of 𝑧 by higher 𝑊𝑒. 

 

4. Conclusion 

The article in hand presented the blood flow problem 
in microchannel via peristaltic wave train.  Magnetic field 
is applied to linearize the flow field. Since imposed 
magnetic field tends to regulate the flow as it aids in 
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avoiding blood clots. Hence the magnetic field effect is 
seen increasing on velocity of flow. The velocity also 
shows increasing response towards rise in Weissenberg 
number and electro-osmotic parameter. The fast fluid 
particles also cause temperature rise and so it increases 
effectively with higher values of Weissenberg number, 
electro-osmotic parameter and Brinkman number. As 
Brinkman number demonstrates the internal heat 
generation that is why the temperature development is 
evident. Similar response for Hartmann number is seen for 
velocity and temperature of fluid. Since the flow is 
developed under peristaltic wave train at the channel walls 
so heat transfer rate at the channel boundary shows 
oscillatory behavior. The outcomes of this study are 
applicable in the field of medicine, biomedicine and also 
in industry where MHD with peristalsis has a promising 
role. 

 

Nomenclature 

a Half width at inlet 

b Wave amplitude 

 Wavelength 

𝜉, 𝜂  Axial, transverse coordinate 

c Wave velocity 

t Time 

J Current density 

V Velocity 

e Charge on electron 

n Fluid index 

𝐵଴ Magnetic field strength 

𝜎 Electric conductivity of fluid 

𝜏 Extra stress tensor 

𝜇ஶ Infinite shear rate viscosity  

𝜇଴ Zero shear rate viscosity 

𝛱 Second invariant stress tensor 

u Axial velocity 

v Transverse velocity 

p Pressure 

𝜌 Fluid density 

T Temperature 

k Thermal conductivity 

𝐸క Axial electric current 

𝜌௘ Density of total ionic change 

𝜀 Permittivity 

𝑛ା Density numbers for cations 

𝑛ି Density numbers for anions 

𝑇ଵ, 𝑇଴ Temperature on the top and bottom wall 
of micro channel 

𝜅 Membrane elastic tension 

𝑙ଵ Mass 

D Coefficient of viscous damping forces 

𝛿 Wave number 

Re Reynolds number 
𝜖 Amplitude ratio parameter 
𝐸ଵ 𝑎𝑛𝑑 𝐸ଶ Elastic variables 

𝐸ଷ Damping variable 

𝜓 Stream function 

M Hartmann number 

We Weissenberg number  

𝑃𝑟 Prandtl number 

E Eckert number 

Br Brinkman number 
Sc Schmidt number 

Pe Ionic Peclet number 

𝜆ௗ Debye length 
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