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1. Introduction 

 

Nowadays, the nanofluids have been taken into 

consideration by scientists due to their unique 

characteristics such as ethylene glycol, propylene glycol 

and water etc. show less transfer of heat. Nanofluids that are 

mixture of liquid and solids are commonly used to increase 

the thermal conductivity of heat transfer in base liquids. 

Nanofluids shows huge number of applications in industrial 

fields, microelectronics cooling, towers cooling, best results 

of hybrid-powered engines and cooling/heating of home 

electrical appliances, etc (Hsiao 2014, 2016, 2017). 

Nanofluids are used as a coolant in automobiles and shock 

absorber to increase the working abilities of air-conditioner 

and refrigerators. The scientific study of non-Newtonian 

fluids showed remarkable achievements and its large  
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number of applications in technological fields, biological 

sciences and in industries. Uses of non-Newtonian fluids in 

various fields such as cosmetic items, shampoo, polymer 

solution, power engineering, greases, mixing of food, blood 

flow and liquid metals flow, etc. 

The concept of nanoparticles was given by Choi and 

Eastman (1995) in order to enhance the heating capacity of 

base fluids. Many numerical and experimental researches 

have been carried out by Choi and Eastman (1995) in order 

to determine how thermal conductivity can be enhanced. 

Rehman et al. (2019) equipped the Williamson fluid in a 

semi-infinite domain. The ongoing Williamson fluid is 

interacted with an externally applied magnetic field. The 

heat transfer individualities are taken into account in the 

presence of both the heat source and sink. The flow 

narrating differential system is obtained by coupling the 

most generally accepted differential equations namely, 

equation of momentum and equation of energy 

with constitutive relation of Williamson fluid model. Khan 

and Pop (2010) presented the boundary layer flow of a 

nanoliquid through a stretchable surface. They noted that 

for large values of Pr and reduced Sherwood number. 
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Abstract.  During the previous few years, phenomenon of bioconvection along with the use of nanoparticles showed large 

number of applications in technological and industrial field. This paper analyzed the bioconvection phenomenon in 

magnetohydrodynamic boundary layer flow of a Powell-Eyring nanoliquid past a stretchable cylinder with Cattaneo-Christov 

heat flux. In addition, the impacts of chemical reaction and heat generation/absorption parameter are considered. By the use of 

appropriate transformation, the governing PDEs (nonlinear) have been transformed and formulated into nonlinear ODEs. The 

resulting nonlinear ODEs subjected to relevant boundary conditions are solved analytically through homotopy analysis method 

which is programmed in Mathematica software. Graphical and numerical results versus physical quantities like velocity, 

temperature, concentration and motile microorganism are investigated under the impact of physical parameters. It is noted that 

velocity profile enhances as the curvature parameter A and Eyring-Powell fluid parameter M increases but a decline manner for 

large values of buoyancy ratio parameter Nr and bio-convection Rayleigh number Rb. In the presence of Prandtl number Pr, 

Eyring-Powell fluid parameter M and heat absorption parameter δ, temperature profile decreases. Nano particle concentration 

profile increases for increasing values of magnetic parameter Ha and thermophoresis parameter Nt. The motile density profile has 

revealed a decrement pattern for higher values of bio-convection Lewis number Lb and bio-convection peclet number Pe. This 

study may find uses in bio-nano coolant systems, advance nanomechanical bio-convection energy conversion equipment’s, etc. 
 

Keywords:  Powell-Eyring nanofluid; MHD flow; Cattaneo-Christov heat flux; heat generation/absorption; chemical 

reaction; bioconvection; HAM 
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Prasher et al. (2006) discussed the measurements of 

nanoliquid viscidity and thermal applications. Al-Mdallal et 

al. (2019) investigated the unsteady viscous flow over a 

shrinking permeable cylinder is investigated in a 

porous medium under magnetic force. The unsteady Navier-

Stokes equations are reduced to ordinary differential 

equations using a similarity transformation. Numerical 

technique based on the Iterative Power Series (IPS) method 

is used to solve the equations for some parameter. 

Kuznetsov and Nield (2010) analyzed the convective 

boundary-layer flow of a nanoliquid through a vertical 

plate. It is investigated that for each Nr, Nt and Nb, dwindle 

local Nusselt number. Modern advancements related to 

nanofluids can be found in Subhani and Nadeem (2019), 

Khan et al. (2019), Nadeem et al. (2020), Huaxu et al. 

(2020). 

Elnajjar et al. (2016) presented the unsteady, viscous, 

and incompressible laminar flow and heat transfer over a 

shrinking permeable cylinder. The unsteady nonlinear 

Navier-Stokes and energy equations are reduced, using 

similarity transformations, to a system of nonlinear ordinary 

differential equations. In Akbar et al. (2015), contrary to the 

Newtonian fluids, the relationship between strain rate and 

shear stress is very complicated in non-Newtonian fluids. 

The well-known flow equation Navier-Stoke’s may not 

amply expressed the remarkable features of non-Newtonian 

liquids. Thus, to observe the flow rate and phenomenon of 

transfer of heat for different non-Newtonian liquids, few 

flow models have been developed depends on their basic 

features. Model of Eyring Powell fluid within these non-

Newtonian liquids which was formulated by Eyring and 

Powell in 1994. Saranya and Al-Mdallal (2020) studied the 

basic design of the study is comparison between 

the magnetohydrodynamic (MHD) flow and heat transfer of 

non-Newtonian (sodium alginate) base fluid with three 

ferroparticles, that is cobalt ferrite (CoFe2O4), manganese-

zinc ferrite (Mn-ZnFe2O4) and nickel-zinc ferrite (Ni-

ZnFe2O4) over an unsteady contracting cylinder. Model of 

Powell-Eyring fluid, having fundamental uses in different 

industries and geophysical procedures. These essential uses 

retain forming and fog scattering, designing of different 

chemical processing instruments, fruit trees groves, 

temperature distribution and increased oil recovery, etc 

(Hayat et al. 2015). Eyring Powell fluid has extra-ordinary 

characteristics. Therefore, at the present age there are 

scientists who are researching on Eyring-Powell liquid 

models. Besthapu et al. (2019) examined the present 

analysis the combine effects of thermal radiation and 

velocity slip along a convectively nonlinear stretching 

surface. Moreover, MHD effects are also considered near 

the stagnation point flow of Casson nanofluid. Slipped 

effects are considered with the porous medium to reduce the 

drag reduction at the surface of the sheet. Main structure of 

the system is based upon the system of partial differential 

equations attained in the form of momentum, energy and 

concentration equations.  

Such as Malik et al. (2013) reported the boundary layer 

flow of Eyring Powell nanoliquid model past a stretchable 

cylinder dependent on temperature possess variable 

viscidity. Further, modern attempts on Eyring-Powell 

nanofluid can be seen through Riaz et al. (2019), Umar et 

al. (2019), Zubair et al. (2019), Alwatban et al. (2019). 

Soomro et al. (2018) adjusted the heat generation/ 

absorption effects in the presence of nonlinear thermal 

radiation along a moving slip surface. Uniform magnetic 

field and convective condition along the stretching surface 

are adjusted to deal the slip mechanisms in term of 

Brownian motion and thermophoresis for nanofluid. The 

mathematical model described by Fourier for transfer of 

heat in materials is represented as q = −kT, where denotes 

heat flux vector, T is temperature. Physical analysis of 

Fourier heat transfer is the basic interruption expeditiously 

experienced by surface which is the main restriction of it. In 

year 1948, Cattaneo (1948) control this problem and he 

includes thermal relaxation to Fourier’s rule. Ragupathi et 

al. (2019) showed the numerical analysis on the steady, 

three dimensional flows of different nanofluids past a Riga 

plate with non-uniform heat source/sink effects. 

Similarity transformations were used for the conversion of 

the partial differential equations that govern the flow to the 

ordinary differential equations. Mishra et al. (2018) studied 

the free convective micropolar fluid over a shrinking sheet 

in presence of heat source/sink. The method of solution 

involves similarity trans-formation. The coupled non-linear 

partial differential equations representing momentum 

and concentration and non-homogeneous heat equation are 

reduced into set of non-linear ordinary differential 

equations. Christov (2009) make improvement the 

Cattaneo’s model. This model is familiar as Cattaneo-

Christov heat flux. Straughan (2008, 2020) investigated the 

process of transfer of heat with thermal convection by the 

use of Cattaneo heat flux.  Cattaneo-Christov heat flux by 

use of Maxwell nanofluid with slip impact was explored by 

Han et al. (2014). The exponential stretchable flow of 

viscoelastic liquid by utlizing Cattaneo-Christov model was 

numerically investigated by Khan et al. (2015). Chaudhary 

and Merkin (1995) examined the reaction of homogeneous- 

heterogeneous and isothermal model.  

The magneto-hydrodynamics is the branch of science 

which discusses the important interactions of the magnetic 

field and the movement of electrical conducting liquids 

such as hot ionizes gases, fluid metals and strong 

electrolytes. Magneto-hydrodynamics flow shows large 

number of applications in engineering and field of 

technology for example electric motors, in design of 

cooling systems, measurement of blood flow, magneto-

hydrodynamics generators, flow meters and pumps, etc 

(Hayat et al. 2014). However, many scientists find out the 

properties of magneto-hydrodynamics flow. The study of 

MHD stream line flow in free convection of passing 

nanoliquids through a vertical permeable surface under 

acceleration is observed by Freidoonimehr et al. (2015). 

They reported that by minimizing the coefficient of skin 

fraction, nano-particles volume fraction and magnetic 

parameter enhance. Stagnation point flow of a hybrid 

nanoliquid passing through a stretchable surface under the 

impact of an induced magnetic field was investigated by 

Ghadikolaei et al. (2017). They found that by enhancing the 

magnetic parameter, coefficient of skin friction decline and 

reciprocal magnetized Prandtl number enhances. Magneto- 
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Fig. 1 Flow geometry of the physical model 

 

 

hydrodynamics fluid flow and transfer of heat through a 

two-three dimensional permeable and deformation surface 

was discussed by Mustafa (2016). Shah et al. (2019) 

explored the impact of non-linear thermal radiation on 

magneto-hydrodynamics nanoliquid thin film flow through 

a horizontal rotatable disk. Their result shows that for 

higher values of magnetic coefficient, thin film thickness of 

nanoliquids decay. Zhao et al. (2019) discussed the heat 

transfer of the magneto-hydrodynamics nanoliquid through 

permeable micro-tubes in the presence of electro-kinetic 

impacts. Some latest and impressive articles can be found in 

Ma et al. (2019), Zangooee et al. (2019), Ahmed et al. 

(2019), Alkanhal et al. (2019), Abbas et al. (2020), Tlili et 

al. (2020). 

The scientific studies on bio-convective nanoliquid flow 

over a stretchable surface are now an interesting topic for 

the scientists in current time period because of its large 

number of utilizations in industries. Bio-convective process 

is used in many micro-systems for example biotechnology 

due to their mixing property to increase the mass transport. 

The microbial increased oil recovery procedure is used to 

enhance oil recovery in gas and oil industries (Begum et al. 

2017). It is widely used in biomedicine fields (delivery of 

nanodrug and cancer therapy), biotechnology, etc. it is 

familiar that bio-convection process happened because of 

density gradient of the gyrotactic microorganisms. These 

gyrotactic micro-organisms show self-movement and can 

swim vigorously in water. Few stimuli for example oxygen 

gradient, chemical substances and gravity help these motile 

microorganisms move in an upper direction. Micro-

organisms are mixed with the less concentrate suspension of 

nanoparticles to enhance stability of nanoliquid and to 

control nanoparticle agglomeration in nanoliquids (Abdul 

Latiff et al. 2016, Ahmed and Mahdy et al. 2016, Khan et 

al. 2020). Recently some researcher used different methods 

for nonlinear modeling (Eltaher et al. 2019, Ebrahimi et al. 

2019, Safaei et al. 2019, Shahsavari et al. 2019, 

Benmansour et al. 2019). 

The homotopy analysis method is very successful semi-

analytic approximation method to solve the highly non-

linear equations in engineering, science and finance. The 

term homotopy was introduced from topology in order to 

generate convergence series solution for nonlinear system. 

Homotopy analysis method is such a series which directly 

does not depend upon large or small parameters. This 

method is useful for nonlinear system. Many authors (Doh 

et al. 2020, Mittal 2019, Reddy et al. 2018) employed the 

homotopy analysis method to solve the boundary layer 

problems. 

The above-discussed literature reveals that no research 

work exists on bio-convection nanofluid flow, considering 

the impact of heat absorption/generation and chemical 

reaction parameter containing motile microorganisms over a 

stretching cylinder. As far as we know, for such type of 

problems, there does not exist any solution by using HAM. 

Hence, the novelty of this article is to observe the boundary 

layer flow of a Powell-Eyring nanoliquid over a horizontal 

stretchable cylinder with bioconvection of nanoliquid 

comprising motile microorganisms. The effect of heat 

sink/source and chemical reaction are also analyzed. 

 

 

2. Formulation of the problem 
 

We consider an axisymmetric and magnetohydro-

dynamic laminar steady boundary layer flow of a Powell-

Eyring nanoliquid past a stretched cylinder of R radius in 

the presence of motile microorganism. Further, the energy 

equation is extended by adding heat generation and 

absorption parameter. The chemical reaction coefficient is 

utilized in concentration equation. Since cylinder is 

stretchable so flow of Eyring-Powell nanoliquid is along x 

direction. R is the radial coordinate take perpendicular to 

cylinder axis. In cylindrical coordinates, x-axis is with axis 

of the cylinder and we considered r-axis is with radial 

direction it is presented in Fig. 1. n∞, C∞ and T∞ represents 

the free stream microorganism, concentration and 

temperature. Under these suppositions, the governing 

equations are constituted as Kuznetsov (2010), Ibrahim and 

Hindebu (2019), Aziz et al. (2018). 
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where u and v denote the velocity components along x- and 

r-directions, respectively.  
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where η is similarity variable, ψ is stream function, f(η) is 

dimensionless stream function, θ, ϕ and χ are dimensionless 

temperature, concentration and microorganism distributions 

respectively.  

After applying Eq. (8), equation of continuity Eq. (1) is 

satisfied while the governing equations Eq. (2) to Eq. (5) 

are converted into non-linear ODE’s. 

 

(1 + 𝑀)(1 + 2𝐴𝜂)𝑓‴ + 𝑓𝑓″ − 𝑓′2 + 2𝐴(1 + 𝑀)𝑓″ 

−
4

3
𝑀𝜆𝐴(1 + 2𝐴𝜂)𝑓″3 − 𝑀𝜆(1 + 2𝐴𝜂)2𝑓‴𝑓″2 

−𝐻𝑎
2𝑓′ + 𝛺(𝜃 − 𝑁𝑟𝜙 − 𝑅𝑏𝜒) = 0 

(9) 

 
(1 + 2𝐴𝜂)

𝑃𝑟
𝜃″ +  

2𝐴

𝑃𝑟
𝜃′ + 𝑓𝜃′ − 𝛽𝑡(𝑓

2𝜃″ + 𝑓𝑓′𝜃′) 

+𝑁𝑏(1 + 2𝐴𝜂)𝜃′∅′ + 𝑁𝑡(1 + 2𝐴𝜂)𝜃′2 + 𝛿𝜃 = 0 

(10) 

 
(1 + 2𝐴𝜂)𝜙″ + 2𝐴𝜙′ + 𝐿𝑒𝑓𝜙′ − 𝐿𝑒𝛽𝑐(𝑓

2𝜙″ + 𝑓𝑓′𝜙′) 

+
𝑁𝑡

𝑁𝑏
(1 + 2𝐴𝜂)𝜃″ + 2𝐴

𝑁𝑡

𝑁𝑏
𝜃′ − 𝐿𝑒𝜏𝜙 = 0 

(11) 

 
(1 + 2𝐴𝜂)𝜒″ + 𝐿𝑏𝑓𝜒′ − 𝑃𝑒(1 + 2𝐴𝜂) 
(𝜙″(𝜒 + 𝛺1) + 𝜙′𝜒′) = 0 

(12) 

 

The equivalent boundary conditions are 

 

𝑓(0) = 0, 𝑓′(0) = 1, 𝜃(0) = 1 
𝜙(0) = 1,        𝜒(0) = 1 

(13) 
 

𝑓′(∞) = 0, 𝜃(∞) = 0, 𝜙(∞) = 0, 
𝜒(∞) = 0 

(14) 

 

where 𝑀 =
1

𝜇𝛽𝑐
, 𝜆 =

𝑎3𝑥2

2𝑐2𝜈
, 𝑎 =

𝑢0

𝑙
 are Eyring-Powell fluid 

parameters, 𝐻𝑎 =
𝜎𝐵0

2𝑙

𝜌𝑢0
 is magnetic parameter, 𝐴 =

1

𝑅
√

𝜈

𝑎
 

is curvature parameter, 𝛺 =
𝛽(1−𝐶∞)(𝑇𝑤−𝑇∞)

𝑢0
2 is mixed 

convection, 𝑁𝑟 =
(𝜌𝑝−𝜌)(𝐶𝑤−𝐶∞)

(1−𝐶∞)𝑢0
2(𝑇𝑤−𝑇∞)𝛽

is buoyancy ratio, 

𝑅𝑏 =
𝛾(𝜌𝑚−𝜌)(𝑛𝑤−𝑛∞)

(1−𝐶∞)𝑢0
2(𝑇𝑤−𝑇∞)

 is bioconvection Rayleigh 

number, 𝑃𝑟 =
𝜈

𝛼
is Prandtl number, 𝛽𝑡 =

𝜆𝐸
′ 𝑢0

𝑙
is thermal 

relaxation parameter, 𝑁𝑏 =
𝜏𝐷𝐵(𝐶𝑤−𝐶∞)

𝜈
  is Brownian 

motion parameter, 𝑁𝑡 =
𝜏𝐷𝑇(𝑇𝑤−𝑇∞)

𝑇∞𝜈
is thermophoresis 

parameter, 𝛿 =
𝑄𝑜

′ 𝑙

(𝜌𝑐)𝑓𝑢0
is heat absorption/generation 

parameter, 𝐿𝑒 =
𝜈

𝐵𝐵
is Lewis number 𝛽𝑐 =

𝜆𝑐
′𝑢0

𝑙
is 

concentration relaxation parameter, 𝜏 =
𝑅𝑟𝑙

𝑢0
 is chemical 

reaction coefficient, 𝑃𝑒 =
𝑏𝑊𝑐

𝐷𝑚
 denotes the Peclet 

number, 𝐿𝑏 =
𝜈

𝐷𝑚
  is  bio-convection Lewis number, 𝛺1 =

𝑛∞

𝑛𝑤−𝑛∞
  is concentration difference parameter. 

 

2.1 Some physical quantities 
 

Here skin friction coefficient Cf is 

 

𝐶𝑓 =
2𝜏𝑤

𝜌𝑢𝑤
2
 (15) 

 

The wall shear stress at r = R becomes 

 

𝜏𝑤 = [𝑆]𝑟=𝑅 = [𝜇 (
𝜕𝑢

𝜕𝑟
) +

1

𝛽𝑐
(
𝜕𝑢

𝜕𝑟
) −

1

6𝛽𝑐3
(
𝜕𝑢

𝜕𝑟
)

3

]
𝑟=𝑅

 (16) 

 

Hence, by Eq. (15) and Eq. (16) the non-dimensional 

form of coefficient of skin friction is 
 

1

2
𝐶𝑓√𝑅𝑒𝑥 = (1 + 𝐾)𝑓″(0) −

𝐾

3
𝜆𝑓″3(0) (17) 

 

The related formulas for local Nusselt number Nux, local 

Sherwood number Shx and motile density number Nnx as 

follows 
 

𝑁𝑢𝑥 =
𝑥𝑞1

𝑘(𝑇𝑤 − 𝑇∞)
, 𝑆ℎ𝑥 =

𝑥𝑗1
𝐷𝐵(𝐶𝑤 − 𝐶∞)

 

𝑁𝑛𝑥 =
𝑥𝑔1

𝐷𝐵(𝑛𝑤 − 𝑛∞)
 

(18) 

 

Here 𝑞1 = −𝑘 (
𝜕𝑇

𝜕𝑟
)

𝑟=𝑅
 is surface heat flux, 𝑗1 =

−𝐷𝐵 (
𝜕𝐶

𝜕𝑟
)

𝑟=𝑅
is surface mass flux, 𝑔1 = −𝐷𝑚 (

𝜕𝑛

𝜕𝑟
)

𝑟=𝑅
is 

motile microorganism flux. After the use of Eq. (18), we 

obtained the following transformed form. 
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Fig. 3 Characteristics of f' via M 

 

 

 

Fig. 4 Characteristics of f' via Ha 

 

 
𝑁𝑢𝑥

√𝑅𝑒𝑥

= −𝜃 ′(0),
𝑆ℎ𝑥

√𝑅𝑒𝑥

= −∅′(0) 

𝑁𝑛𝑥

√𝑅𝑒𝑥

= −𝜒′(0) 

(19) 

 

 

2.2 Homotopy analysis method 

 

According to this fluid model that is governed by the 

highly nonlinear equations for which exact solution cannot 

be obtained. So, we assumed the alternate method to 

calculate the series solution by the use of homotopy 

analysis approach. Introduced by Liao (2014), many authors 

used this approach to obtain the series solution based on 

many mathematical models Shehzad (2018), 

Turkyilmazoglu (2016a). We considered suitable initial 

guesses as given below 

 

𝑓0(𝜂) = 1 − 𝑒−𝜂, 𝜃0(𝜂) = 𝑒−𝜂 , 𝜙0(𝜂) = 𝑒−𝜂 

𝜒0(𝜂) = 𝑒−𝜂 
(20) 

 

The linear operators (Lf, Lθ, Lϕ, Lχ) are chosen as follow 

 

𝐿𝑓 = 𝑓‴ − 𝑓′, 𝐿𝜃 = 𝜃″ − 𝜃, 𝐿𝜙 = 𝜙″ − 𝜙 

𝐿𝜒 = 𝜒″ − 𝜒 
(21) 

 

Satisfying 

 

𝐿𝑓[𝐴1 + 𝐴2𝑒
𝜂 + 𝐴3𝑒

−𝜂] = 0, 

𝐿𝜃[𝐴4𝑒
𝜂 + 𝐴5𝑒

−𝜂] = 0, 𝐿𝜙[𝐴6𝑒
𝜂 + 𝐴7𝑒

−𝜂] = 0 

𝐿𝜒[𝐴8𝑒
𝜂 + 𝐴9𝑒

−𝜂] = 0 

(22) 

 

in which Ai (i = 1, 2, 3, ….9) are the arbitrary constants. 

 

 

3. Convergence analysis 
 

The homotopic approach gives us a wonderful flexibility 

to select the auxiliary parameters ℏ𝑓 , ℏ𝜃 , ℏ𝜙  and ℏ𝜒 

regarding series solutions adjustment and control the 

convergence. So, relevant ℏ-curves are shown in Fig. 2.  

 

Fig. 2 Convergent ℏ-curves for non-linear ODE’s 
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Fig. 5 Characteristics of f' via λ 

 

 

 

Fig. 6 Characteristics of f' via A 

 

 

 

Fig. 7 Characteristics of f' via Nr 

 

 

The suitable convergence values of such problem are −2.0

 ℏ𝑓 ≤ 0.8, −2.0  ≤ ℏ𝜃 ≤ 0.1, −2.0  ≤ ℏ𝜙 ≤  0.1, −2.0  ≤

ℏ𝜒 ≤ −0.1. 

 

 

4. Discussion section 
 
In this portion, the impact of various parameters i.e. 

Powell-Eyring fluid parameters M and λ, magnetic field 

parameter Ha, curvature parameter A, mixed convection 

constant σ', buoyancy ratio parameter Nr, bio-convected 

Rayleigh number Rb, Prandtl number Pr, Brownian motion 

Nb, thermophoresis parameter  Nt, heat source/sink  

 

Fig. 8 Characteristics of f' via Rb 

 

 

 

Fig. 9 Characteristics of θ via M 

 

 

 

Fig. 10 Characteristics of θ via Ha 

 
 

coefficient δ, thermal relaxation parameter βt, Lewis 

number Le, chemical reaction τ, concentration relaxation 

parameter βc, bio-convection Peclet number Pe, bio-

convection Lewis number Lb through graphically and 

tabular form.  

Fig. 3 is sketched to elucidate the effect of Powell-

Eyring fluid parameter M on velocity distribution. It is 

notice that velocity profile intensifies with the increasing 

values of M. Because the fluid parameter M has reverse 

relationship with viscidity, so the large values of  M 

represents the liquid to be less viscid and hence 

enhancement in deformation rate. The effect of magnetic 

parameter Ha over velocity distribution is sketched in Fig. 

4. It is noticed that for large values of Ha the velocity  
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Fig. 11 Characteristics of θ via A 

 

 

 

Fig. 12 Characteristics of θ via Pr 

 

 

 

Fig. 13 Characteristics of θ via Nb 
 

 

profile decreases. Physically, for large magnetic parameter 

Ha the resistive force which is well-known as Lorentz force 

becomes significant to cause the velocity distribution 

diminishes. Fig. 5 indicates the effect of fluid parameter λ 

on velocity field. It is clear from the figure that the velocity 

field decreases for large values of fluid parameter λ. Fig. 6 

is given the Influence of mixed convection constant σ' over 

velocity distribution. It is observed that for large values of 

mixed convection constant σ', the velocity distribution 

retarded. This is because, mixed convection constant σ' 

shows link with buoyancy force that retain resistive 

property. Figs. 7 and 8 are prepared to observe the behavior 

of buoyancy ratio parameter Nr and bio-convected Rayleigh 

number Rb on the velocity distribution. Clearly velocity  

 

Fig. 14 Characteristics of θ via Nt 

 

 

 

Fig. 15 Characteristics of θ via βt 

 

 

 

Fig. 16 Characteristics of θ via δ 

 

 

distribution is a decreasing function of Nr and Rb. The 

reason behind this both Nr and Rb are liable for the 

interaction of buoyancy forces which defy the movement of 

fluid particles in the whole domain. 

Fig. 9 describes the impact of Powell-Eyring fluid 

parameter M on temperature distribution. It is noticed that 

as value of M rises the thickness of thermal boundary layer 

and temperature distribution are retarded gradually. The 

reason beyond this for large values of M liquid becomes 

lesser viscous therefore friction between liquid layer 

diminish consequently temperature decreases.  Thus, 

temperature for viscid liquid is larger than that of Powell-

Eyring nanofluid in stretchable cylinder. Fig. 10 visualizes 

the effect of Ha on temperature distribution. It is noticed  
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Fig. 17 Characteristics of θ via δ 

 

 

 

Fig. 18 Characteristics of ϕ via M 

 

 

 

Fig. 19 Characteristics of ϕ via Ha 

 

 

that for large values of Ha, thermal boundary layer 

distribution increases. Physically, magnetic parameter 

involves Lorentzian force which intensify the temperature 

field. Fig. 11 portrays the impact of curvature parameter 

𝐴on temperature field. For large values of A, increases the 

temperature field. Physically thickness of thermal boundary 

layer enhance as the curvature parameter A enhance due to 

which rate of heat transport decline and hence fluid 

temperature enhances. Fig. 12 shows the influence of Pr on 

temperature profile. Temperature profile decreases for large 

values of Prandtl number Pr. It is well-known fact that 

thermal diffusivity and Prandtl number Pr have reverse 

relationship due to which for large values of Pr result in 

temperature reduces. Fig. 13 illustrates the influence of  

 

Fig. 20 Characteristics of ϕ via A 

 

 

 

Fig. 21 Characteristics of ϕ via Le 

 

 

 

Fig. 22 Characteristics of ϕ via Nb 

 
 

Brownian motion parameter Nb on temperature field. It is 

noted that increment in Brownian motion Nb, temperature 

distribution increases. Physically an increment in Nb, 

random movement of liquid particles intensify so 

temperature distribution rises. Fig. 14 demonstrates the 

influence of thermophoresis parameter Nt on temperature 

field. For enhancing values of Nt, temperature field is 

increases. The reason is that an increment in Nt produce a 

robust thermophoretic force which allow migration of small 

particles warm to cold surface due to which temperature 

field enhance. Effect of thermal relaxation parameter βt on 

temperature profile is sketched in Fig. 15. It is noted that 

large values of β t shows a declining behavior for 

temperature distribution. The reason is that for transfer of  
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Fig. 23 Characteristics of ϕ via Nt 

 

 

 

Fig. 24 Characteristics of ϕ via βt 

 

 

 

Fig. 25 Characteristics of ϕ via τ 

 

 

heat energy between fluid particles and its surrounding 

needs time relaxation. Hence, with the increase in value of 

βt the particles of material require more time for transfer of 

heat to its neighboring particles as a result decrement in 

temperature is observed. However, by enhancing the value 

of time relaxation parameter βt less heat transfer from 

medium of the cylinder to the liquid is observed. In Figs. 16 

and 17, the heat generation/absorption parameter δ is shown 

graphically. It is observed that for large values of heat 

absorption parameter δ < 0 reduces the temperature of 

Eyring-Powell nanofluid although it increases for the heat 

generation δ > 0. As the heat generation occurrence added 

some additional heat to the fluid which raises the 

temperature distribution.  

 

Fig. 26 Characteristics of χ via Pe 

 

 

 

Fig. 27 Characteristics of χ via Lb 
 

 

Table 1 Numerical data of f″(0) for dissimilar values of  

M = λ = Le = Nt = Nb = Nr = Nc = Lb = Ha = 1/10, 

Pr = Pe = 1, βt = βc = 1/10 

M λ Ha A Nr Nc −f″(0) 

0.1 

0.2 

0.3 

0.1 0.1 0.1 0.1 0.1 1.1415 

1.1884 

1.2355 

 

0.1 

0.5 

0.9 

    

1.1415 

1.1351 

1.1321 

  

0.1 

0.2 

0.3 

   

1.1415 

1.1567 

1.1818 

   

0.1 

0.2 

0.3 

  

1.1415 

1.1846 

1.2266 

      

1.1415 

1.2335 

1.3327 

    

0.1 

0.2 

0.3 

 

1.1415 

1.1356 

1.1304 

     

0.1 

0.2 

0.3 

1.1415 

1.1351 

1.1306 
 

 

 

Influence of Powell-Eyring fluid parameter M on  
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Table 2 Numerical data of f″(0) for dissimilar values of  

M = λ = Le = Nt = Nb = Nr = Nc = Lb = Ha = 1/10, 

Pr = Pe = 1, βt = βc = 1/10 

M λ Ha A Pr Nb Nt Le βt −θ' (0) 

0.1 

0.3 

0.5 

 

 

0.1 

 

 

0.1 

0.5 

0.9 

0.1 0.2 1.0 0.1 0.1 0.1 0.1 0.6836 

0.6956 

0.7053 

0.6836 

0.6829 

0.6821 

  

0.1 

0.2 

0.6 

      

0.6836 

0.6813 

0.6776 

   

0.2 

0.5 

0.7 

     

0.6836 

0.7603 

0.8163 

    

1.0 

1.2 

1.4 

    

0.6836 

0.7485 

0.8052 

     

0.1 

0.2 

0.3 

   

0.6836 

0.6252 

0.5732 

      

0.1 

0.2 

0.3 

  

0.6836 

0.6755 

0.6624 

       

0.1 

0.3 

0.5 

 

0.6836 

0.6792 

0.6750 

        

0.1 

0.3 

0.6 

0.6836 

0.6939 

0.7093 
 

 

 

concentration field is revealed in Fig. 18. It is investigated 

that both concentration distribution and thickness of 

concentration boundary layer decline with an increment in 

M. Fig. 19 illustrates the impact of magnetic parameter Ha 

on concentration profile. It has been examined that 

enhancing the values of Ha, both concentration distribution 

and thickness of concentration boundary layer improves. 

Fig. 20 represents the curvature parameter on the 

concentration profile. The value of concentration profile 

decreases on increasing the similarity variable η. The effect 

of different curvature parameter is seen in this graph. 

Fig. 21 portrays the impact of Lewis number Le on 

concentration distribution. The drawn result shows that 

when we assign largest values to Lewis number, 

concentration distribution decreases. Physically Lewis 

number has direct relationship with mass diffusion which 

reduces the concentration profile. Fig. 22 demonstrates that 

how Brownian motion parameter  Nb  affects the 

concentration distribution. When we assign the maximum 

values to Nb, concentration distribution and thickness of 

concentration boundary layer reduces. Physically as Nb 

increases, the random movement and collision of small 

particles of the liquid enhance which decline the fluid 

concentration. The behavior of thermophoresis parameter 

Nt on concentration field is displayed in Fig. 23. It is  

Table 3 Numerical data of ϕ'(0) for dissimilar values of  

Nr = Nc = Lb = τ = 1/10, Pr = Pe = 1, βt = βc = 1/10 

M λ Ha A Nb Nt Le βc −ϕ' (0) 

0.4 

0.6 

0.7 

0.1 0.2 0.1 0.1 0.1 1.3 0.1 0.9846 

0.9848 

0.9851 

 

0.1 

0.5 

0.6 

      

0.9846 

0.9845 

0.9844 

  

0.2 

0.4 

0.6 

     

0.9846 

0.9844 

0.9841 

   

0.1 

0.11 

0.22 

    

0.9846 

0.9890 

1.0544 

    

0.1 

0.15 

0.2 

   

0.9846 

1.0690 

1.1354 

     

0.1 

0.2 

0.3 

  

0.9846 

0.6726 

0.5387 

      

1.3 

1.5 

1.7 

 

0.9846 

1.0084 

1.0188 

       

0.1 

0.3 

0.5 

0.9846 

0.9757 

0.9646 
 

 

 

Table 4 Numerical data of χ'(0) for dissimilar values of  

λ = Le = Nt = Nb = Ha = 1/10, Pr = 1, βt = βc = 1/10 

M Nr Rb Lb Pe −χ' (0) 

0.1 

0.2 

0.3 

0.2 0.2 2.0 0.1 0.9842 

0.9844 

0.9845 

 

0.2 

0.3 

0.5 

   

0.9842 

0.9821 

0.9799 

  

0.2 

0.3 

0.5 

  

0.9842 

0.9792 

0.9654 

   

1.2 

1.5 

1.8 

 

0.9791 

0.9798 

0.9820 

    

0.1 

0.2 

0.5 

0.9842 

0.9799 

0.9791 
 

 

 

investigated that as the values of Nt enhance, thickness of 

concentration boundary layer and concentration field 

boosted. Physically, with higher values of Nt many nano-

particles are pushed away from warm surface, due to this 

concentration of nano-particles increases. Influence of 

concentration relaxation parameter βc on concentration field 

is revealed in Fig. 24. By enhancing βc, concentration  
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boundary layer thickness and concentration distribution 

decline. The effect of chemical reaction τ for concentration 

profile is noted in Fig. 25. By increasing τ, the 

concentration field diminishes and it also declines in the 

thickness in concentration boundary zone.   

Fig. 26 is prepared to examine the behavior of bio-

convection Peclet number Pe on micro-organism 

distribution. A dwindle behavior is noted by variation of Pe. 

Physically Peclet number Pe and diffusivity of micro-

organism has inverse relationship due to this micro-

organism distribution decrease. To elaborate the impact of 

bio-convection Lewis number Lb on motile distribution, 

Fig. 27 is sketched. It is noted that for higher values 

of𝐿𝑏causes lower micro-organism profile. 

The numerical illustration of skin friction coefficient 

−f″(0) for distinct values of M, λ, Ha, A, Λ, Nr and Nc are 

given in Table 1. It is observed that increasing values of M, 

Ha, A increase −f″(0). Table 2 presents the numerical values 

of −θ'(0) for various values of M, λ, Ha, A, Pr, Mb, Nt, Le 

and βt. A leading variation in −θ'(0) has been found out for 

M, A, Pr and βt. From Table 3, where the variation in −ϕ'(0) 

has been observed. It is observed that −ϕ'(0) increases for 

M, A, Nb and Le. From Table 4, the numeric values of 

−χ'(0) are shown. It is clear from the table that for large 

values of M and Lb, −χ'(0) increases. 

 

 

5. Summary and conclusions 
 

In this article, some remarkable features of motile 

microorganism of Eyring-Powell nanoliquid flow towards a 

stretchable cylinder with Cattaneo-Christov heat flux and 

heat absorption/generation impact has been investigated. 

The homotopy analysis approach is adopted to evaluate the 

solution of constituted flow problem. From the present 

analysis, the important results are listed below: The local 

Nusselt number increases for higher values of thermal 

relaxation parameter, curvature parameter, Prandtl number 

and Eyring-Powell nanoliquid parameter. The concentration 

distribution shown an increasing behavior as the 

thermophoresis parameter and magnetic parameter 

enhances while it depicts a dwindle trend for large values of 

Lewis number, Brownian motion, Eyring-Powell nanoliquid 

parameter and chemical reaction parameter. The skin 

friction coefficient increases for increment in magnetic 

parameter, mixed convection parameter and Eyring-Powell 

nanoliquid parameter while it shows a decreasing trend as 

the fluid parameter, buoyancy parameter, bio-convected 

Rayleigh number and curvature parameter enhance. The 

velocity distribution shows an increasing trend for higher 

values of a Powell-Eyrimg liquid parameter however, we 

observed its graph in decline manner when values of the 

fluid parameter, mixed convection parameter, buoyancy 

parameter, bio-convected Rayleigh number and magnetic 

parameter are increasing. The temperature field and thermal 

boundary layer thickness depict a decline trend with enlarge 

values of thermal relaxation parameter, Prandtl number, 

Powell-Eyring nanoliquid parameter and heat absorption 

parameter Temperature field and thermal boundary layer  

Table 5 Comparison of present values of skin friction 

coefficient for various values of λ and M when  

Le = 2.0, Pr = 1.7, Nt = Nb = 0.1 and Ha = βt = βc = 

A = Λ = δ = τ = 0 

λ M 
Hayat et al. 

(2018) 

Javed et al. 

 (2013) 

Ibrahim and 

Hindebu (2019) 

Present                 

results 

0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.2 

−1.09545 

−1.09395 

−1.09245 

−1.09092 

−1.08938 

−1.08782 

−1.08625 

−1.08465 

−1.0954 

−1.0940 

−1.0924 

−1.0909 

−1.0894 

−1.0878 

−1.0862 

−1.0847 

−1.0955 

−1.0940 

−1.0925 

−1.0909 

−1.0894 

−1.0878 

−1.0863 

−1.0847 

−1.0955 

−1.0940 

−1.0925 

−1.0909 

−1.0894 

−1.0878 

−1.0863 

−1.0847 

0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.4 

−1.18322 

−1.18034 

−1.17843 

−1.17598 

−1.17349 

−1.17096 

−1.16838 

−1.16575 

−1.1832 

−1.1808 

−1.1784 

−1.1776 

−1.1735 

−1.1710 

−1.1684 

−1.1658 

−1.1833 

−1.1809 

−1.1785 

−1.1760 

−1.1735 

−1.1710 

−1.1684 

−1.1658 

−1.1833 

−1.1809 

−1.1785 

−1.1760 

−1.1735 

−1.1710 

−1.1684 

−1.1658 

0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.6 

−1.26491 

−1.26199 

−1.25902 

−1.25600 

−1.25291 

−1.24976 

−1.24655 

−1.24327 

−1.2649 

−1.2620 

−1.2590 

−1.2560 

−1.2529 

−1.2498 

−1.2466 

−1.2433 

−1.2650 

−1.2621 

−1.2591 

−1.2561 

−1.2530 

−1.2498 

−1.2466 

−1.2434 

−1.2649 

−1.2620 

−1.2590 

−1.2560 

−1.2529 

−1.2498 

−1.2466 

−1.2433 
 

 

 

thickness shows an increasing trend for higher values of 

Brownian motion, thermophoresis parameter, magnetic 

parameter, curvature parameter and heat generation 

parameter. The Sherwood number indicates an increasing 

trend with an increasing value of curvature parameter, 

Lewis number, concentration relaxation parameter, 

Brownian motion parameter, and Eyring-Powell fluid 

parameter. For large values of bio-convected Lewis number, 

motile density number enhances. 
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