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Abstract: This research paper is deals with the behavior of gyrotactic in peristaltic transport of nano 

Eyring-Powell fluid in non-uniform channel. The advantages of adding motile micro-organism to the 

nanofluid suspension enhanced the heat transfer, mass transfer and improve the nanofluids stability. The 

governing equations have been fabricated for long wavelength and low Reynolds number assumptions. The 

solutions have been described for pressure gradient, temperature, nanoparticle concentration and density of 

motile microorganism equations and solved by using powerful technique known as Homotopy Analysis 

Method (HAM). Results are reported for different values of the some significant parameters on peristaltic 

transport through a non-uniform channel and obtained results are displayed in graphs. 
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1. Introduction 

In rheology, the fluids can easily be transport from one region to another region with help of pumping. 

This type of pumping is known as peristalsis. The peristalsis is a form of fluid flow produced by a 

continuous wave of area clasping and also compressing propagates of tube or channel. Peristalsis helps in 

transporting physiological fluids in the human body such as swallowing of food through oesophagus, 

movement of chime in the gastrointestinal tracts and the vasomotion of small blood vessels. Latham [1] was 

first initiated the concept of peristaltic mechanism in 1966. After the work of Latham, Jaffrin et al. [2] 

explore the peristaltic pumping system. They studied the peristaltic flow for the long wavelength and low 

Reynolds number assumptions. Many researchers and scientist diverted their research interest towards study 

the peristaltic transport by considering viscous and non-viscous fluids with different models and with 

different geometries, few references are given in [3-7]. As we know many physiological flows are not 

uniform. Hence, many of the researchers studied peristaltic flow problems through uniform and non- 

uniform channels for different fluid models. Some of these investigations have been reported in the 

references [8-12]. 

The word “nanofluid” was first formulated by Choi in 1995 [13]. Nanofluid is a liquid that containing 

nanoparticles with representative length of 1-100nm [14]. The study of nanotechnology based on nanofluids 

has received general attention due to its applications in engineering and biomedical. Nanofluids are new 

kind of fluids conceived by destruction of nanometer-sized materials in base fluids such as ethylene-glycol 

or lubricants, water and silk fibroin etc. Dissimilar nanoparticles have many importances in different fields, 

like Copper nanoparticles have diverse range of applications in heat transfer systems, sensors and catalysts. 

In biomedical, magnetite nanoparticles are targeted for magnetic resonance imaging (MRI) and during in 

drug delivery.In present days, the flow of non-Newtonian fluids has received much awareness due to its 

applications in medical, industries and technology. To study the non-Newtionian fluids several models have 

been developed. Among them Eyring-Powell model has certain advantage over other fluid model. Firstly, 

kinetic theory of liquid is used to obtained the concentrate of fluid model, secondly, at low and high shear 

rates the concentrate of the model helps to recover the error-free results of viscous nanofluid.  Eyring-

Powell fluid model was first initiated by Eyring and Powell in 1994 [15]. Many researchers are study the 

peristaltic flow in different geometrics by considering Eyring-Powell model as cited in references [16-22]. 

Bioconvection has large amount of applications in biomedical and biotechnology. The bioconvection 

is defined as flow induced by collective swimming of motile microorganisms which are little denser than 

water is studied by John [23]. The self- propelled motile microorganisms intensify the base fluid density in a 
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particular direction. Collection of microorganisms at the top of the layer makes suspension more 

impenetrable than the lower layer due to unstable density distributions. Under such circumference, 

convection instability and generation of convection patterns take place.  Such a quick and random 

movement pattern of microorganisms causes bioconvection procedure within the system. Bioconvection 

instability is developed from an initially uniform suspension without an unstable density disturbance was 

given by Pedley et al. [24]. Many researchers worked on the bioconvection flow with different geometries 

are given in the ref. [25-27]. In biological fluid mechanics, recent significant growing are nano 

bioconvection flows. Application of microorganisms is one of the most detectable methods of various bio-

methods of nanoparticle production. It is found that the inclusion of particles makes suspension more stable. 

Kuznetsov et al. [28] studied the suspension of gyrotactic microorganisms in layer of finite depth by adding 

small solid particles. The nanoparticles are not self-inflicted like motile micro-organisms, nanoparticles 

motion are due to thermophoresis and Brownian motion. If concentration of nanoparticle is small, 

bioconvection is occurs in nanofluid. Recent research papers on bioconvection flow containing 

microorganisms are mentioned in references [29-37]. 

Literature review revealed that no work has been done on bioconvection peristaltic flow. However, 

recently Nooren [38] have studied the bioconvection peristaltic flow containing gyrotactic microorganisms 

in nanofluid in a symmetric channel. Bhatti et al. [39] investigated the peristaltic flow of non- Newtonian 

Jeffrey nanofluid containing gyrotactic microorganism in annulus. Since, Peristalsis is well known 

mechanism to transport physiological fluid in most biological organs. Many biological systems are observed 

to be non-uniform. The purpose of the present study is therefore to understand how the free convection 

affects the peristaltic transport of blood in a small blood vessel. Here we consider blood as Erying-Powell 

nanofluid model. The present study has wide range of applications in biomedical science and engineering. 

Since microorganisms are favorable in decomposition of organic material, producing oxygen and 

maintaining human health.  The dilution of microorganisms in the nanofluids modifies its thermal 

conductivity. In the present paper, the solution for Pressure gradient, temperature, concentration and motile 

microorganism’s density along with boundary conditions are obtained by using the Homotopy Analysis 

Method [40, 41]. The effect of various physical parameters on velocity, pressure gradient, temperature and 

motile-microorganisms density are analysed through graphs. 

Mathematical Analysis 

Let us consider a peristaltic transport of nano Eyring-Powell fluid in a two dimensional channel. The 

physical model of the wall surface can be written as 

                                     ℎ̃(�̃�, �̃�) = 𝑎(�̃�) + 𝑑 𝑠𝑖𝑛 (
2𝜋

𝜆
(�̃� − 𝑐�̃�)),                 (1) 

here 𝑎(�̃�) = 𝑎20 + 𝑘�̃� is the half width of the channel, wavelength of the wall surface is 𝜆, �̃� is the time and 

𝑑 represents the wave amplitude.  Let �̃� and �̃� are velocity components along �̃�and �̃�directions respectively, 

the velocity field 𝑉can be written as  

𝑉 = (�̃�(�̃�, �̃�, �̃�), �̃�(�̃�, �̃�, �̃�), 0).                (2) 

The Eyring-Powell fluid model of the shear stress tensor is given by 

�̃� = 𝜇𝛻�̃� +
1

𝛽
𝑠𝑖𝑛ℎ−1 (

1

𝑐∗
𝛻�̃�),                             

(3) 

where the coefficient of shear viscosity is 𝜇, 𝛽and 𝑐∗ are the fluid parameters.  

𝑠𝑖𝑛ℎ−1 (
1

𝑐∗
𝛻�̃�) ≈

1

𝑐∗
−
1

6
(
1

𝑐∗
𝛻�̃�)

3
, |
1

𝑐∗
𝛻�̃�| <= 1.               (4) 

The governing equations for the nano Eyring-Powell fluid can be formulated as follows  

The continuity equation: 
𝜕𝑈

𝜕�̃�
+
𝜕𝑈

𝜕�̃�
= 0.                     (5) 

The momentum equation:   

𝜌𝑓 (
𝜕𝑈

𝜕�̃�
+ �̃�

𝜕𝑈

𝜕�̃�
+ �̃�

𝜕𝑈

𝜕�̃�
) = −

𝜕�̃�

𝜕�̃�
+ (𝜇 +

1

𝛽𝑐∗
) (

𝜕2𝑈

𝜕�̃�2
+
𝜕2𝑈

𝜕�̃�2
) −

1

2𝛽𝑐∗3
(
𝜕𝑈

𝜕�̃�
+
𝜕𝑈

𝜕�̃�
)
2

(
𝜕2𝑈

𝜕�̃�2
+
𝜕2𝑈

𝜕�̃�2
) + (1 −

                               𝜙1)𝜌𝑓𝑔𝛽1(�̃� − �̃�0) − (𝜌𝑝 − 𝜌𝑓)𝑔(�̃� − �̃�0) − (𝜌𝑚 − 𝜌𝑓)𝛾𝑔(�̃� − �̃�0)                             (6)                    

                         𝜌𝑓 (
𝜕�̃�
𝜕�̃�
+𝑈 𝜕�̃�

𝜕𝑋̃
+ �̃� 𝜕�̃�

𝜕𝑌̃
)=− 𝜕�̃�

𝜕𝑌̃
+ (𝜇+ 1

𝛽𝑐∗
)(
𝜕
2
�̃�

𝜕�̃�
2+

𝜕
2
�̃�

𝜕�̃�
2)−

1

2𝛽𝑐∗3
(
𝜕�̃�
𝜕𝑋̃
+ 𝜕�̃�
𝜕𝑌̃
)
2
(
𝜕
2
�̃�

𝜕�̃�
2+

𝜕
2
�̃�

𝜕�̃�
2).                          (7) 
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The energy equation  

(𝜌𝑐)𝑓 (
𝜕�̃�

𝜕�̃�
+ �̃�

𝜕�̃�

𝜕�̃�
+ �̃�

𝜕�̃�

𝜕�̃�
) = 𝑘∗ (

𝜕2�̃�

𝜕�̃�2
+
𝜕2�̃�

𝜕�̃�2
) + (𝜌𝑐)𝑝𝐷𝐵 (

𝜕�̃�

𝜕�̃�
+
𝜕�̃�

𝜕�̃�
) (

𝜕�̃�

𝜕�̃�
+
𝜕�̃�

𝜕�̃�
) + (𝜌𝑐)𝑝

𝐷𝑇

𝑇𝑚
(
𝜕2�̃�

𝜕�̃�2
+
𝜕2�̃�

𝜕�̃�2
)
2

.

    

(8) 

The nanoparticle concentration equation 

                                               
𝜕�̃�

𝜕�̃�
+ �̃�

𝜕�̃�

𝜕�̃�
+ �̃�

𝜕�̃�

𝜕�̃�
= 𝐷𝐵 (

𝜕2�̃�

𝜕�̃�2
+
𝜕2�̃�

𝜕�̃�2
) +

𝐷𝑇

𝑇𝑚
(
𝜕2�̃�

𝜕�̃�2
+
𝜕2�̃�

𝜕�̃�2
).                         (9) 

The microorganism equation  
𝜕�̃�

𝜕�̃�
+ �̃�

𝜕�̃�

𝜕�̃�
+ �̃�

𝜕�̃�

𝜕�̃�
= 𝐷𝑛

𝜕2�̃�

𝜕�̃�2
−

𝑏𝑊𝐶

(�̃�1−�̃�0)

𝜕

𝜕�̃�
(�̃�

𝜕�̃�

𝜕�̃�
),                         (10) 

where 𝜌𝑝 is  nanoparticle mass density, 𝜌𝑓 is the density of the fluid,(𝜌𝑐)𝑓  and (𝜌𝑐)𝑝  are the heat 

capacity of the fluid and effective heat capacity of the nanoparticle material,  thermal conductivity of the 

fluid is 𝑘∗,gravity of acceleration is 𝑔, 𝛽1is volume expansion coefficient, �̃�is the nanoparticle concentration, 

temperature of the fluid  is �̃�.  Further 𝜌𝑓is the effective density, 𝐷𝐵and 𝐷𝑇 are the Brownian diffusion and 

thermophoresis diffusion coefficients, mean fluid temperature is 𝑇𝑚 , b and 𝑊𝐶  are the chemotaxis and 

assumed  constants, nanoparticles solid volume fraction is 𝜙1 . The relationship between the laboratory 

frame and wave frame are introduced through 

�̃� = �̃� − 𝑐�̃�, �̃� = �̃�, 

                                                                �̃�(�̃�, �̃�) = �̃� − 𝑐, �̃�(�̃�, �̃�) = �̃�,                                                     (11)

  The relevant boundary conditions for the given problem   

                             �̃� = 0, �̃� =
𝜕�̃�

𝜕�̃�
= 0, �̃� = �̃�0, �̃� = �̃�0, �̃� = �̃�0at�̃� = 0,                                     (12) 

�̃� = 𝑞, �̃� =
𝜕�̃�

𝜕�̃�
= −𝑐, �̃� = �̃�1, �̃� = �̃�1, �̃� = �̃�1at�̃� = ℎ̃ = 𝑎(�̃�) + 𝑑 𝑠𝑖𝑛

2𝜋

𝜆
(�̃�). 

Introducing the following dimensionless variables 

                            

𝜓 =
�̃�

𝑐𝑎
, 𝐵 =

1

𝜇𝛽𝑐∗
, 𝐴 =

𝐵𝑐2

2𝑎2𝑐∗2
, 𝑥 =

�̃�

𝜆
, 𝑦 =

�̃�

𝑎
, 𝑡 =

𝑐�̃�

𝜆
,

𝑣 =
�̃�

𝑐
, 𝛿 =

𝑎

𝜆
, 𝑢 =

𝑢

𝑐
, 𝑅𝑒 =

𝜌𝑓𝑐𝑎

𝜇
, 𝛽∗ =

𝑘∗

(𝜌𝑐)𝑓
, 𝑃𝑟 =

𝜈

𝛽∗
, 𝐹 =

𝑞

𝑐𝑎
, 𝑝 =

𝑎2�̃�

𝑐𝜆𝜇
,

𝐺𝑟 =
(1−𝜙1)𝜌𝑓𝑔𝛽1𝑎

2(�̃�1−�̃�0)

𝑐𝜇
, 𝑁𝑟 =

(𝜌𝑝−𝜌𝑓)(�̃�1−�̃�0)

(1−𝜙1)𝛽1(�̃�1−�̃�0)𝜌𝑓
, 𝑅𝑏 =

(𝜌𝑚−𝜌𝑓)𝛾(�̃�1−�̃�0)

(1−𝜙1)𝛽1(�̃�1−�̃�0)𝜌𝑓
,

𝑁𝑏 =
(𝜌𝑐)𝑝𝐷𝐵(�̃�1−�̃�0)

(𝜌𝑐)𝑓𝜈
, 𝑁𝑡 =

(𝜌𝑐)𝑝𝐷𝑇(�̃�1−�̃�0)

(𝜌𝑐)𝑓𝑇𝑚𝜈
, 𝛺 =

�̃�−�̃�0

�̃�1−�̃�0
, 𝑃𝑒 =

𝑏𝑊𝐶

𝐷𝑛
, 𝜎 =

�̃�0

�̃�1−�̃�0
,

𝜃 =
�̃�−�̃�0

�̃�1−�̃�0
, 𝜒 =

�̃�−�̃�0

�̃�1−�̃�0
, ℎ =

ℎ̃

𝑎20
= 1 +

𝜆𝑘𝑥

𝑎20
+ 𝛼 𝑠𝑖𝑛 2𝜋𝑥, 𝛼 =

𝑑

𝑎20
. }

 
 
 
 

 
 
 
 

         (13) 

 Where A and B are the dimensionless fluid parameters, 𝑃𝑟is the Prandtl number, 𝐺𝑟is the Grashof 

number of the local temperature,𝑁𝑟 is the buoyancy ratio respectively, 𝑃𝑒and 𝑅𝑏are the Bioconvection 

Peclet number and Bioconvection Rayleigh number respectively. 𝑁𝑏  is Brownian motion, 𝑁𝑡  is 

thermophoresis parameters and 𝛼 is the amplitude ratio. The 𝜓  is the stream function given as 𝑢 =
𝜕𝜓

𝜕𝑦
and𝑣 = −𝛿

𝜕𝜓

𝜕𝑥
. 

Using the above non-dimensional terms and the basic equations (5)-(10) can be reduce to  

                       
𝜕𝑝

𝜕𝑥
= (1 + 𝐵)

𝜕3𝜓

𝜕𝑦3
− 𝐴(

𝜕2𝜓

𝜕𝑦2
)
2
𝜕3𝜓

𝜕𝑦3
+ 𝐺𝑟(𝜃 − 𝑁𝑟𝛺 − 𝑅𝑏𝜒),           (14) 

𝜕𝑝

𝜕𝑦
= 0,               (15) 

𝜕2𝜃

𝜕𝑦2
+ 𝑃𝑟𝑁 𝑏

𝜕𝜃

𝜕𝑦

𝜕𝛺

𝜕𝑦
+ 𝑃𝑟𝑁 𝑡 (

𝜕𝜃

𝜕𝑦
)
2
= 0,             (16) 

𝜕2𝛺

𝜕𝑦2
+

𝑁𝑡

𝑁𝑏

𝜕2𝜃

𝜕𝑦2
= 0,                          (17) 

𝜕2𝜒

𝜕𝑦2
− 𝑃𝑒

𝜕𝛺

𝜕𝑦

𝜕𝜒

𝜕𝑦
− 𝑃𝑒𝜒

𝜕2𝛺

𝜕𝑦2
− 𝑃𝑒𝜎

𝜕2𝛺

𝜕𝑦2
= 0.             (18) 

The relevant dimensionless boundary conditions in the wave frame for the problem are defined as 

𝜓 = 0,
𝜕𝜓

𝜕𝑦
= 0, 𝜃 = 0, 𝛺 = 0, 𝜒 = 0at𝑦 = 0,

𝜓 = 𝐹,
𝜕𝜓

𝜕𝑦
= −1, 𝜃 = 1, 𝛺 = 1, 𝜒 = 1at𝑦 = ℎ = 1 +

𝜆𝑘𝑥

𝑎20
+ 𝛼 𝑠𝑖𝑛 2𝜋𝑥,

}

                  

(19) 
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The non-dimensional  𝐹 is the time mean flow rate in wave frame related to the non-dimensional 𝛩in the 

laboratory frame as given in the following form 
                                                                                                            𝐹 = ∫

𝜕𝜓

𝜕𝑦

ℎ

0
𝑑𝑦, 𝛩 = 𝐹 + 1,                 (20) 

where  𝐹 =
𝑞

𝑐𝑎
and    Θ =

𝑄

𝑐𝑎
.  

2.  Solution of the problem 

 The solutions equations (14)-(18) are obtained by using Homotopy Analysis Method (HAM), the 

initial guesses and auxiliary linear operators are obtained as 

 𝜓0(𝑦) =
𝑦2(3𝐹ℎ−2𝐹𝑦+ℎ4−ℎ𝑦)

ℎ
3 ,                          (21) 

                                                                           𝜃0(𝑦) =
𝑦

ℎ
,               (22) 

𝛺0(𝑦) =
𝑦

ℎ
,               (23) 

𝜒0(𝑦) =
𝑦

ℎ
.               (24) 

The relevant auxiliary linear operators are consider as 

                                               𝐿𝜓 =
𝜕3

𝜕𝑦3
, 𝐿𝜃 =

𝜕2

𝜕𝑦2
, 𝐿𝛺 =

𝜕2

𝜕𝑦2
, 𝐿𝜒 =

𝜕2

𝜕𝑦2
,           (25) 

which satisfies the properties 

𝐿𝜓 [𝐶1 + 𝐶2𝑦 + 𝐶3
𝑦2

2
] = 0, 𝐿𝜃[𝐶4 + 𝐶5𝑦] = 0, 𝐿𝛺[𝐶6 + 𝐶7𝑦] = 0, 𝐿𝜒[𝐶8 + 𝐶9𝑦] = 0,      (26) 

 The solutions are easily found coupled equations together with boundary conditions. Using the 

methodology of the given method, solutions are written as follows 

𝜓(𝑦, 𝑞) = (
3𝐹

ℎ
2 −

1

ℎ
) 𝑦2 − (

2𝐹

ℎ
3 +

1

ℎ
2) 𝑦

3 + ℎ𝜓
2𝑎11 + ℎ𝜓

3𝑎12 + ℎ𝜓
4𝑎13 + ℎ𝜓

5𝑎14 

               +ℎ𝜓
5 [((

ℎ𝜃

24ℎ
− 𝑁𝑟

ℎ𝛺

24ℎ
(1 +

𝑁𝑡

𝑁𝑏
) − 𝑅𝑏

ℎ𝜒

24ℎ
(1 − 𝑃𝑒𝜎))) 𝑦4 + (

𝑃𝑟𝑁𝑏

120ℎ2
+

𝑃𝑟𝑁𝑡

120ℎ2
+

𝑃𝑟 𝑃𝑒

120ℎ2
) 𝑦5],

       

(27) 

               

( )
2 2

2 3 3

2 2

3 3
4 2 4 2

3 3

, Pr 1 Pr 1
2 2

Pr 1 2 Pr 1 .
6 6

y y Nt y y Nt y
y q h Nb h h Nb

h h Nb h Nbh h

Nt Nt y Nt y
h h h Nt h NtNb

Nb Nb Nbh h


  

 

= + + + + + +

+ + + + + +
 

    
    

    

     
     
                                     

(28)            

𝛺(𝑦, 𝑞) =
𝑦

ℎ
+ ℎ𝛺

2 (1 +
𝑁𝑡

𝑁𝑏
)
𝑦

ℎ
+ ℎ𝛺

3 (1 +
𝑁𝑡

𝑁𝑏
)
𝑦

ℎ
+ ℎ𝛺

4 (1 +
𝑁𝑡

𝑁𝑏
)
𝑦

ℎ
 

                                                 +ℎ𝛺
3
ℎ𝜃

𝑁𝑡

𝑁𝑏

𝑦

ℎ
+ ℎ𝛺

3
ℎ𝜃 𝑃𝑟 𝑁 𝑡 (1 +

𝑁𝑡

𝑁𝑏
)
𝑦2

2ℎ2
.                                                (29)            

𝜒(𝑦, 𝑞) =
𝑦

ℎ
+ ℎ𝜒

2 (
𝑦

ℎ
− 𝑃𝑒

𝑦2

2ℎ2
− 𝑃𝑒𝜎

𝑦

ℎ
) + ℎ𝜃

3 ((1 − 𝑃𝑒𝜎)
𝑦

ℎ
− 𝑃𝑒

𝑦2

2ℎ2
) + 

        ℎ𝜒
4 ((1 − 𝑃𝑒𝜎)

𝑦

ℎ
− (1 + ℎ𝛺 − ℎ𝛺𝑃𝑒𝜎 + ℎ𝛺

𝑁𝑡

𝑁𝑏
− ℎ𝛺𝑃𝑒𝜎

𝑁𝑡

𝑁𝑏
)𝑃𝑒

𝑦2

2ℎ2
) − ℎ𝛺𝑃𝑒

2 (1 +
𝑁𝑡

𝑁𝑏
)
𝑦3

6ℎ3
.        (30) 

𝑢(𝑦, 𝑞) = 2 (
3𝐹

ℎ
2 −

1

ℎ
) 𝑦 − 3 (

2𝐹

ℎ
3 +

1

ℎ
2) 𝑦

2 + ℎ𝜓
2𝑏11 + ℎ𝜓

3𝑏12 + ℎ𝜓
4𝑏13 + ℎ𝜓

5𝑏14 

     +ℎ𝜓
5 [((

ℎ𝜃

24ℎ
− 𝑁𝑟

ℎ𝛺

24ℎ
(1 +

𝑁𝑡

𝑁𝑏
) − 𝑅𝑏

ℎ𝜒

24ℎ
(1 − 𝑃𝑒𝜎))) 4𝑦3 + (

𝑃𝑟𝑁𝑏

120ℎ2
+

𝑃𝑟𝑁𝑡

120ℎ2
+

𝑃𝑟 𝑃𝑒

120ℎ2
) 5𝑦4],

            

 (31) 

The wave frame of volumetric flow rate is defined as 

                                                                         𝑄(𝑥, 𝑡) = ∫ 𝑢(𝑦, 𝑞)𝑑𝑦
ℎ

0
.            (32) 

The pressure gradient expression can be written in the form as below  

                          
𝜕𝑝

𝜕𝑥
= (

𝑄−(
1

3
+
4𝐹

3ℎ
)ℎ2+(

2𝐹

ℎ
3+

1

ℎ
2)ℎ

3−ℎ𝜓
2𝑐11−ℎ𝜓

3𝑐12−ℎ𝜓
4𝑐13−ℎ𝜓

5𝑐14−ℎ𝜓
5𝑐15

−ℎ𝜓
2ℎ
3

6
−2ℎ𝜓

3ℎ
3

6
+ℎ𝜓

4(1+𝐵)
ℎ
3

6
+ℎ𝜓

5𝑐14+ℎ𝜓
5𝑐15

).                       (33) 
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This section represents the detailed analysis of the various physical parameters of pressure gradient, 

temperature, nanoparticle concentration and motile microorganism density profile. 

Pressure gradient profile 

In Figures (1) describe the flow behavior of various physical parameters on pressure gradient profile. 

Figure 1(a) and figure 1(b) are described to show the flow behavior of fluid parameters A and B. It is 

observed that fluid parameter have opposite behavior on pressure gradient. Fluid parameter A increases with 

an increasing pressure gradient, which occurs the non-linear part of the momentum equation, in the 

considerable part of the channel is comparatively dwarf𝑥 ∈ [0,0.2]and𝑥 ∈ [0.5,0.6] the pressure gradient is 

relatively small and the flow can easily pass without forcing of large pressure gradient. However, the 

tapered part of channel is 𝑥 ∈ [0.3,0.5] as much immense pressure gradient is required to maintain the same 

flux to pass through it. Besides, we have observed that fluid parameter B increases on pressure gradient (>0) 

increased. Since𝐵 =
1

𝜇𝛽𝑐
, by increasing B the viscosity of fluid 𝜇  decreases, which cause decreases in 

pressure. Figures 1(c) and 1(d) are plotted to show the effect of Grashof number and buoyancy ratio 

pressure gradient. Through this figures one can be observed that pressure decreases for both the parameters. 

In figure 1(e) depicted Biconvection Rayleigh parameter effect on pressure. When Biconvection Rayleigh 

parameter increases the pressure gradient is decreased. This is due convection instability take place and that 

cause convection pattern which decrease the pressure gradient.   

Temperature profile 

Figure 2 is plotted to show the behavior of physical parameters𝑁𝑏 ,𝑁𝑡and𝑃𝑟on the temperature 

distribution  𝜃  by fixing other physical parameters. Figure 2(a) reveals that the temperature profile is 

decreasing, when the Brownian motion parameter𝑁𝑏 is increased. Thermophoresis parameter variationon on 

temperature profile is showed in figure 2(b). We observed that the temperature appears to be increases when 

thermophoresis parameter Nt  is increased, since the collision between the particles enhances which produce 

plenty of heat, as a results in raises of temperature. The Figure 2(c) describes the Prandtl number effect.  

Observe that Prandtl number increases on temperature profile increased. 

Concentration profile 

In figure (3) shows about the various physical parameters 𝑁𝑡 , 𝑁𝑏 and 𝑃𝑟  on nanoparticles 

concentration profile Ω. In figure 3(a), we have to observe that motion of nanoparticles increases with 

increase of Brownian motion parameter. The fact is due to transfer of nanoparticle from cold region to hot 

region which yield the increment of concentration distribution. Figure 3(b) shows the consequence of 

thermophoresis parameter. When the thermophoresis parameter increases the concentration decreases. The 

decrease in nanoparticles concentration is due to interference in fluid molecules. Since, in thermophoresis, 

where the particles are moved away from the hot region to cold region, which results the disturbance in 

nanoparticle and hence there is decrease in concentration of nanoparticles. The figure 3(c) describes the flow 

of nanoparticle concentration decreases when the Prandtl number is increased. As the Prandtl number 

𝑃𝑟increases the thermal conductivity of the fluid decreases thus the concentration of nanoparticle decreases.  

Density of Motile microorganism profile 

Figure 4 is plotted for the various flow behavior of the motile microorganism profile for different 

physical parameters. From figure 4(a), one can observed that the density of motile microorganism profile 

increases with an increase of Brownian motion parameter𝑁𝑏 . It is obvious that motile microorganism 

transfer rate increases when𝑁𝑏is increased. Figure 4(b) depicted the thermophoresis parameter effect on the 

motile microorganism density, it is noticed that density of motile microorganism profile decreased when the 

thermophoresis parameter 𝑁𝑡  increases. Enhancement in 𝑁𝑡  brings the nanoparticle at higher state heat 

region which enhance the fluid temperature. Hence the density of microorganism decreases. Figure 4(c) 

express the Biconvection Peclet number decreases  with decrease of motile microorganism density. In 

Figure 4(d) shows the effect Biconvection constant  on motile microorganism density. The motile 

microorganism density appears to be decreases when Biconvection constant is increased. 
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Fig. 1 
𝑑𝑝

𝑑𝑥
 to x, when 𝑡 = 0.1, 𝑥 = 0.2, Pr = 6.9, 𝜑 = 0.6,Q=0.25, 𝜆 =10, 𝑘 =0.1, 𝑎20=2.0,𝜎 =0.5, Nt=0.4, Nb=0.4; (a) 

Gr=1.5, Nr=1.5, Rb=1.5, B=2.0. (b)A=0.001, Gr=1.5, Nr=1.5, Rb=1.5. (c) A=0.001, B=2.0, Nr=1.5, Rb=1.5. 

(d)A=0.001, B=2.0, Gr=1.5, Rb=1.5. (e)A=0.001, B=2.0, Gr=0.4, Nr=0.3. 
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Fig. 2 Temperature 𝜃 versus y when 𝑡 = 0.1, 𝑥 = 0.2, 𝜑 = 0.6, Q=0.25, 𝜆 =10, 𝑘 =0.1, 𝑎20=2.0; (a)Nt=0.4, Pr=6.9. 

(b)Pr=6.9, Nb=0.4. (c) Nt=0.4, Nb=0.4. 
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Fig. 3 Concentration Ω versus y when 𝑡 = 0.1, 𝑥 = 0.2, 𝜑 = 0.6, Q=0.25, 𝜆 =10, 𝑘 =0.1, 𝑎20=2.0; (a) Nt=0.4, Pr=6.9. 

(b) Pr=6.9, Nb=0.4. (c) Nt=0.4, Nb=0.4. 
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Fig. 4 Motile microorganism densityversus ywhen 𝑡 = 0.1, 𝑥 = 0.2, Pr = 6.9, 𝜑 = 0.6, Q=0.25, 𝜆 =10, 𝑘 =0.1, 𝑎20=2.0; 

(a)𝜎 =0.5, Nt=0.4, Pe=2.0. (b) =0.5, Nb=0.4, Pe=2.0. (c)Nb=0.4, =0.5, Nt=0.4.(d)Pe=2.0, Nt=0.4, Nb=0.4. 

Concluding remarks 

Here we analyzed the Biconvection peristaltic flow of a nano Eyring-Powell fluid through non-

uniform channel containing gyrotactic microorganism is investigated under long wavelength and low 

Reynolds number approximations. The results are displayed in the form of graphs and following the 

important points are mentioned below. 

• Pressure gradient gives opposite behavior with an increasing values of Eyring-Powell fluid 

parameters A and B. 
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• Opposite behavior of nanoparticle concentration and temperature profiles increases with an 

Brownian motion parameter (𝑁𝑏), thermophoresis parameter (𝑁𝑡), Prandtl number (𝑃𝑟). 

• Pressure gradient profile decreases with an increasing values of Grashof number(𝐺𝑟), buoyancy 

ratio (𝑁𝑟) and Bioconvection Rayleigh number(𝑅𝑏). 

• Densityof Motile microorganism gives the opposite outcomes an increasing values of Brownian 

motion parameter(𝑁𝑏), thermophoresis parameter(𝑁𝑡). 

• Similar behavior for density of motile microorganism profile increases with an increasing values 

of Bioconvection Peclet number(𝑃𝑒), Bioconvection constant (𝜎). 
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Appendix: supplementary data. 

The values of a11, a12, a13, a14 in Eq. (35) are written in the below: 

𝑎11 = −
𝜕𝑝

𝜕𝑥

𝑦3

6
+ (1 + 𝐵) [(

3𝐹

ℎ
2 −

1

ℎ
) 𝑦2 − (

2𝐹

ℎ
3 −

1

ℎ
2) 𝑦

3] + 𝐺𝑟 (
𝑦4

24ℎ
−𝑁𝑟

𝑦4

24ℎ
− 𝑅𝑏

𝑦4

24ℎ
) 

−
𝐴(12𝐹 − 6ℎ)

ℎ
9 ((6𝐹ℎ + 2ℎ2)

2 𝑦3

6
+ (12𝐹 + 6ℎ)2

𝑦5

60
− 2(6𝐹ℎ + 2ℎ2)(12𝐹 + 6ℎ)

𝑦4

24
) 
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𝜕𝑝
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3𝐹

ℎ
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1

ℎ
) 𝑦2 − (
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ℎ
3 −

1

ℎ
2) 𝑦

3] + 𝐺𝑟 (
𝑦4

24ℎ
− 𝑁𝑟

𝑦4
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− 𝑅𝑏
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−
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𝑦4
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) 

𝑎13 = (1 + 𝐵)
𝜕𝑝

𝜕𝑥

𝑦3

6
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3𝐹

ℎ
2 −

1

ℎ
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ℎ
3 −
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ℎ
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− 𝑅𝑏
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−
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−2(
𝐴(12𝐹 − 6ℎ)
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The values of b11, b12, b13, b14 in Eq. (39) are written in the below: 
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3ℎ9
(12𝐹 + 6ℎ)2 + 2

(

 

𝜕𝑝

𝜕𝑥
+ 6(1 + 𝐵) (

2𝐹

ℎ
3 +

1

ℎ
2) +

𝐴(12𝐹 − 6ℎ)

ℎ
9 (6𝐹ℎ + 2ℎ2)

2

)

 

[𝐴(12𝐹 − 6ℎ)(12𝐹 + 6ℎ)2](12𝐹 + 6ℎ) + 𝐺𝑟 (
1

2ℎ
−
𝑁𝑟

2ℎ
−
𝑅𝑏

2ℎ
) )

 
 
 
 
𝑦5

20
 

+

(

 
 
 
 
𝐴(12𝐹 − 6ℎ)

ℎ
9 (6𝐹ℎ + 2ℎ2)(12𝐹 + 6ℎ) + 2

(

 
6(1 + 𝐵) (

2𝐹

ℎ
3 +

1

ℎ
2)

+
𝐴(12𝐹 − 6ℎ)

ℎ
9 (6𝐹ℎ + 2ℎ2)

2

)

 

[
𝐴(12𝐹 − 6ℎ)

3ℎ9
(12𝐹 + 6ℎ)2]

)

 
 
 
 
𝑦6

30
 

−2(
𝐴(12𝐹 − 6ℎ)

ℎ
9 (6𝐹ℎ + 2ℎ2)(12𝐹 + 6ℎ) + 𝐺𝑟 (

1

2ℎ
−
𝑁𝑟

2ℎ
−
𝑅𝑏

2ℎ
)) [

𝐴(12𝐹 − 6ℎ)

2ℎ9
(12𝐹 + 6ℎ)2]

𝑦7

41
 

The values of c11, c12, c13, c14, c15 in Eq. (41) are written in the below: 

𝑐11 = (1 + 𝐵) [(
3𝐹

ℎ
2 −

1

ℎ
) ℎ2 − (

2𝐹

ℎ
3 +

1

ℎ
2) ℎ

3] + 𝐺𝑟 (
ℎ
3

24
− 𝑁𝑟

ℎ
3

24
− 𝑅𝑏

ℎ
3

24
) 
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−
𝐴(12𝐹 − 6ℎ)

ℎ
9 ((6𝐹ℎ + 2ℎ2)

2 ℎ
3

6
+ (12𝐹 + 6ℎ)2

ℎ
5

60
− 2(6𝐹ℎ + 2ℎ2)(12𝐹 + 6ℎ)

ℎ
4

24
) 𝑐12

= (1 + 𝐵) (
3𝐹

ℎ
2 −

1

ℎ
) ℎ2 − (

2𝐹

ℎ
3 +

1

ℎ
2) ℎ

3 + 𝐺𝑟 (
ℎ
3

24
− 𝑁𝑟

ℎ
3

24
− 𝑅𝑏

ℎ
3

24
) 

−
𝐴(12𝐹 − 6ℎ)

ℎ
9 ((6𝐹ℎ + 2ℎ2)

2 ℎ
3

6
+ (12𝐹 + 6ℎ)2

ℎ
5

60
− 2(6𝐹ℎ + 2ℎ2)(12𝐹 + 6ℎ)

ℎ
4

24
) 

𝑐14 = (6(1 + 𝐵) (
2𝐹

ℎ
3 +

1

ℎ
2) +

𝐴(12𝐹 − 6ℎ)

ℎ
9 (6𝐹ℎ + 2ℎ2)

2
) 

(

 
 
 
 
 
 
 4(1 + 𝐵)2 (

3𝐹

ℎ
2 −

1

ℎ
)
2 ℎ

3

3!
− 4(1 + 𝐵) (

3𝐹

ℎ
2 −

1

ℎ
)

(

 
6(1 + 𝐵) (

2𝐹

ℎ
3 +

1

ℎ
2) +

𝐴(12𝐹 − 6ℎ)

ℎ
9 (6𝐹ℎ + 2ℎ2)

2

)

 
ℎ
4

4!

−(6(1 + 𝐵) (
2𝐹

ℎ
3 +

1

ℎ
2) + (

𝐴(12𝐹 − 6ℎ)

ℎ
9 (6𝐹ℎ + 2ℎ2)

2
)

2

)

2

− 4(1 + 𝐵) (
3𝐹

ℎ
2 −

1

ℎ
)

[
𝐴(12𝐹 − 6ℎ)

ℎ
9 (6𝐹ℎ + 2ℎ2)

2
(12𝐹 − 6ℎ) + 𝐺𝑟 (

1

2ℎ
−
𝑁𝑟

2ℎ
−
𝑅𝑏

2ℎ
)]

)

 
 
 
 
 
 
 

ℎ
5

60
 

−

(

 
 
 
 4(1 + 𝐵) (

3𝐹

ℎ
2 −

1

ℎ
)
𝐴(12𝐹 − 6ℎ)

3ℎ9
(12𝐹 + 6ℎ)2 + 2

(

 
6(1 + 𝐵) (

2𝐹

ℎ
3 +

1

ℎ
2) +

𝐴(12𝐹 − 6ℎ)

ℎ
9 (6𝐹ℎ + 2ℎ2)

2

)

 

[𝐴(12𝐹 − 6ℎ)(12𝐹 + 6ℎ)2](12𝐹 + 6ℎ) + 𝐺𝑟 (
1

2ℎ
−
𝑁𝑟

2ℎ
−
𝑅𝑏

2ℎ
) )

 
 
 
 

ℎ
6

120
 

+

(

 
 
 
 (

𝐴(12𝐹 − 6ℎ)

ℎ
9 (6𝐹ℎ + 2ℎ2)(12𝐹 + 6ℎ) + 𝐺𝑟 (

1

2ℎ
−
𝑁𝑟

2ℎ
−
𝑅𝑏

2ℎ
))

2

+ 2

(

 
6 + 6(1 + 𝐵) (

2𝐹

ℎ
3 +

1

ℎ
2) +

𝐴(12𝐹 − 6ℎ)

ℎ
9 (6𝐹ℎ + 2ℎ2)

2

)

 

[
𝐴(12𝐹 − 6ℎ)

3ℎ9
(12𝐹 + 6ℎ)2]

)

 
 
 
 

ℎ
7

210
 

−2(
𝐴(12𝐹 − 6ℎ)

ℎ
9 (6𝐹ℎ + 2ℎ2)(12𝐹 + 6ℎ) + 𝐺𝑟 (

1

2ℎ
−
𝑁𝑟

2ℎ
−
𝑅𝑏

2ℎ
)) [

𝐴(12𝐹 − 6ℎ)

2ℎ9
(12𝐹 + 6ℎ)2]

ℎ
8

336
𝑐13

= (1 + 𝐵)2 (
3𝐹

ℎ
2 −

1

ℎ
) ℎ2 − (1 + 𝐵)2 (

2𝐹

ℎ
3 +

1

ℎ
2) ℎ

3 + (1 + 𝐵)𝐺𝑟 (
ℎ
3

24
− 𝑁𝑟

ℎ
3

24
− 𝑅𝑏

ℎ
3

24
) 

−
𝐴(1 + 𝐵)(12𝐹 − 6ℎ)

ℎ
9 ((6𝐹ℎ + 2ℎ2)

2 ℎ
3

6
+ (12𝐹 + 6ℎ)2ℎ5 − 2(6𝐹ℎ + 2ℎ2)(12𝐹 + 6ℎ)

ℎ
4

24
) 

𝑐15 =
ℎ𝜃

24ℎ
− 𝑁𝑟

ℎ𝛺

24ℎ
(1 +

𝑁𝑡

𝑁𝑏
) − 𝑅𝑏

ℎ𝜒

24ℎ
(1 − 𝑃𝑒𝜎)ℎ4 + (

𝑃𝑟 𝑁 𝑏

120ℎ2
+
𝑃𝑟𝑁 𝑡

120ℎ2
+
𝑅𝑏𝑃𝑒

120ℎ2
) ℎ5 
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