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Peristaltic flow is a fundamental method of fluid conveyance in engineering, medicine, 
and the nuclear industry. The peristaltic mechanism is applied in designing blood pump 
machines, dialysis machines, and other medical devices. The current mathematical 
model is developed to investigate the peristaltic mechanism of Sisko fluid under the 
influence of heat transfer by considering variable viscosity, slip effects, variable 
thermal conductivity, and wall properties. Long wavelength and small Reynolds 
number approximations generate the nonlinear governing equations. The regular 
perturbation method is utilised to solve these equations. In contrast, the closed-form 
solution is obtained for the stream function for different values of the fluid behaviour 
index. The impact of several parameters on the relevant physiological factors is 
graphically represented using MATLAB. The results reveal that velocity and thermal 
slip parameters greatly impact heat transfer. The bolus volume grows as the velocity 
slip parameter increases. The coefficient of pseudo-plasticity plays a prominent role in 
the study for different values of fluid behaviour index. 
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1. Introduction 
 

Peristalsis is a fluid conveyance caused by a gradual wave of expansion or contraction along the 
walls of a liquid-filled distensible duct. It is employed in a wide range of biomedical and biological 
systems. It is crucial to many processes in physiology, including the flow of chyme in the gi-tract, the 
mobility of seminal fluid in the ductus efferents of male reproductive tracts, the movement of the 
embryo in female oviduct, and the cardiovascular system. Numerous theoretical and empirical 
studies have been conducted to comprehend peristalsis. Earlier studies on peristaltic motion were 
executed by considering Newtonian fluid. The mechanism of peristalsis was first initiated by Latham 
[1] in understanding the urine flowing through ureter. Shapiro et al., [2] used a low Reynolds number 
and long wavelength assumption to study peristaltic pumping. For the amplitude ratios ranging from 
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zero to complete occlusion, theoretical conclusions are presented for plane and axisymmetric 
geometries. The theoretical parameters were validated in a quasi-two-dimensional apparatus 
experiment. However, due to their broader application in complex structures and the dual behaviour 
of blood, non-Newtonian fluids have been used in recent studies. Raju and Devanathan [3] initiated 
a study investigating the peristalsis of non-Newtonian fluids under various geometrical conditions. A 
power series in terms of wave amplitude is used to calculate the stream function's solution. Many 
researchers have recently conducted numerous studies by considering different conditions [4-6]. 

In addition, many researchers have given more importance to the slip effects on biological fluids. 
It has a particular interest of active researchers due to its application in technology and medicine. 
Slip flow is more appropriate than no-slip flow in various fluid flow scenarios. The liquid exhibits a 
decline in adherence at the wet wall surface in numerous applications, resulting in a slip flow, which 
causes the liquid to slide along the walls. When studying the interactions between fluids and solid 
surfaces, the idea of the slip flow of a liquid at a solid wall is crucial in explaining the macroscopic 
consequences. Most peristaltic flow studies do not take the slip effect into account. Considering this, 
the impact of slip and varying viscosity on non-Newtonian fluid flow through permeable media in an 
inclined channel was investigated by Khan et al., [7] by applying the traditional perturbation approach 
to solve the system of the nonlinear governing equation. The key characteristics of the pumping and 
trapping processes are thoroughly described. The flow is studied in a wave frame of reference that 
moves with the wave's velocity. As of late, in a porous inclined elastic tube, Gudekote et al., [8,9] 
examined the influence of slip effects on the peristaltic motion of Casson fluid. According to their 
study, the pressure rise increases accordingly with a rise in the inclination angle. Additionally, the 
pressure rise is significantly reduced as the porosity increases [8]. Likewise, a higher value for the 
variable viscosity and porosity parameters expands the trapped bolus's size, promoting boluses’ 
development [9]. The slip effects on a peristaltic motion for non-Newtonian fluid have also been 
discussed by Prasad et al., [10]. Graphs are drawn to examine and describe the impact of essential 
variables on physical quantities. The current flow data show some fascinating phenomena relevant 
to the biomedical field. In recent days, the effect of velocity slip and thermal slip on the peristalsis 
flow of a Herschel-Bulkley liquid via an inclined porous tube was investigated by Baliga et al., [11]. 
The results show that thermal and velocity slip impacts pressure rise and temperature increase with 
time. It is noticed that as the velocity slip parameter increases, the bolus volume also does. Recently 
Balachandra et al., [12] examined the slip effects and varying liquid properties on a Ree-Eyring fluid 
peristaltic transport through a channel with inclination. The analysis demonstrates that the slip 
parameter and variable viscosity cause the development of the velocity profiles. The liquid parameter 
also controls the size of the trapped bolus. The results also help in identifying the blood flow in tiny 
arteries. Khan and Wang [13] investigated the effects of peristaltic non-Newtonian incompressible 
particulate fluid flow involving identical rigid particles distributed uniformly in a channel using electro 
magnetohydrodynamics. Slip boundary conditions of the second order are also employed. 

Peristalsis and heat transfer interaction plays a crucial role and has several applications. In the 
human body, heat transport is currently recognised as an important area for research. Hence such 
analysis is critical. Thermotherapy and thermoregulation strategies have inspired biomedical 
engineers to study tissue bioheat transport. The importance of thermophysical qualities in 
comprehending diverse bodily functions has come to the attention of researchers in recent years. 
Until recently, peristaltic flow research assumed that thermo-physical parameters were stable during 
the blood flow. However, the temperature and velocity are observed to change, as in the case of 
blood. These characteristics vary in physiological liquids. Including viscosity and heat conductivity is 
essential when considering the variance in both properties. As a result, considering these effects 
becomes critical. Vajravelu et al., [14] studied the influence of heat transmission on the peristaltic 
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movement through the permeable annulus. Rajashekhar et al., [15] examined the peristaltic 
movement of Casson fluid in an inclined porous tube. It was seen that rising variable viscosity 
improves the velocity and the temperature of the liquid and enhances the bolus size. Vaidya et al., 
[16,17] examined the influence of variable fluid properties on Rabinowitsch with different 
geometries under various conditions. Based on the data, thermal and velocity slip impacts velocity, 
and slip parameters substantially affect the flow quantities of Newtonian, dilatant and pseudoplastic 
fluid models. The analysis also demonstrates that the occurrence of the trapping phenomena is 
enhanced by rising the value of porous characteristics and variable viscosity [16]. Similarly, the results 
show that as the porosity parameter increases, the velocity rises for Newtonian and shear-thinning 
fluids but diminishes for shear-thickening fluids [17]. Additionally, it can be seen that Biot number 
raises the temperature for dilatant liquids, whereas it lowers for Pseudoplastic and Newtonian fluids. 
In a non-uniform channel with porous walls, Manjunatha et al., [18] examined the peristalsis of 
Jeffery fluid under the effects of variable liquid properties. The analysis reveals that increasing the 
variable viscosity improves the temperature, Nusselt number, and velocity fields, while concentration 
profiles exhibit the opposite behaviour. Additionally, a rise in the porosity and Jeffery parameter 
values is observed, along with increased trapped bolus volume. Khan et al., [19] analysed the variable 
properties of viscosity and thermal conductivity in the peristalsis of a magneto-Carreau nanofluid 
with heat transfer. Compared to viscous nanomaterial and steady viscosity, Carreau nanomaterial 
and variable viscosity have a higher velocity. For varying thermal conductivity, temperature and 
concentration of nanomaterials have opposing responses. Abuiyada et al., [20] examined MHD 
peristaltic transfer of Bingham nanofluid by considering Soret and Dufour effects. The increasing 
velocity slip parameter was found to increase the velocity, but near the right wall of the channel, the 
behaviour reverses. Vaidya et al., [21] examined the peristaltic motion of Phan-Thien-Tanner fluid via 
a non-uniform axisymmetric inclined channel by considering wall properties. Convective boundary 
conditions and the effects of chemical reactions are investigated. It was discovered that varying 
thermal conductivity could help regulate the liquid temperature. 

Due to their numerous practical applications, peristaltic flows of non-Newtonian Sisko fluids have 
recently allured the particular attention of researchers. Wang et al., [22] investigated the 
magnetohydrodynamics peristaltic mechanism of a Sisko fluid in an asymmetric channel. Sisko fluids 
that exhibit shear-thinning and shear-thickening behaviours are studied and compared to Newtonian 
fluids. The investigation is conducted about various material properties and the differences in the 
wall peristalsis phase, including velocity distributions, shear stress, pressure gradients, and 
streamline patterns. Further, Nadeem and Akbar [23] studied the peristalsis of Sisko fluid in a uniform 
inclined tube. The different physiological interests, such as frictional force, pressure rise, pressure 
gradient and trapping phenomena, have been calculated numerically with other physical parameters. 
Analytical and Numerical solutions on the Peristaltic flow of a Sisko fluid in an endoscope were done 
by Nadeem et al., [24]. Further, Mehmood and Fetecau [25] observed that factors such as buoyancy 
and radiation augment the pumping and trapping phenomenon when studying the impact of 
radiative heat transmission with varying wall temperatures in an asymmetric channel on the Sisko 
fluid peristaltic flow. Malik and Khan [26] conducted a numerical analysis of homogeneous-
heterogeneous responses in the Sisko fluid flow field across an extending cylinder. The study claims 
concentration profiles diminish for increasing homogeneous and heterogeneous reaction parameter 
values. Tanveer et al., [27] investigated the impact of varying viscosity on the Sisko fluid peristalsis in 
a curved conduit with compliant wall properties. The corresponding equations are solved using 
perturbation and numerical approaches to achieve qualitatively equivalent responses for both 
velocity and temperature. It was found that the Sisko fluid parameter decreases the temperature and 
velocity profiles. Asghar et al., [28] analysed the non-Newtonian Sisko fluid in an oscillating porous 
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curved channel during peristalsis. Compared to the power-law and Newtonian models, the Sisko 
model predicts greater velocity values in the central core region of the flow. Iqbal et al., [29] studied 
the peristalsis of Sisko fluid in an asymmetric channel. The study focuses on the shear-thickening and 
shear-thinning properties of the Sisko fluid. The distributions of velocity and temperature, as well as 
the pressure gradient and streamline pattern, are investigated. Consequently, the thermal analysis 
indicated that raising a non-Newtonian parameter, such as the Brinkman numbers and Biot number, 
enhances the thermal stability of the liquid. The peristaltic flow of the non-Newtonian Sisko fluid 
model under the combined effects of MHD and slip in a symmetric channel is investigated by Imran 
et al., [30]. It is observed that increasing the value of the Sisko parameter reduces the momentum 
distribution. The blood velocity can be controlled by varying the intensity of the magnetic field. The 
peristaltic motion of electrically conducting Sisko fluid in a non-symmetric porous tapered tube with 
velocity slip condition was explored by Abbas et al., [31] in the presence of chemical reactions. To 
simulate the effect of permeability, modified Darcy's law was used. Thermal radiation and viscous 
dissipation were also considered. 

The current study is inspired by the abovementioned research and predicts the effects of variable 
liquid properties on the peristaltic transport of Sisko fluids in an inclined channel. This aspect of the 
study has yet to be thoroughly examined. The study provides a semi-analytical approach to 
solving nonlinear systems with slip conditions. The long wavelength and low Reynolds number 
assumptions are considered. Convective boundary conditions and slip conditions have also been 
studied for heat transfer. Graphs illustrate the effect of pertinent parameters on physiological 
quantities while under the supervision of measurable criteria. Potential applications of this idea exist 
in the area of medicine. 
 
2. Mathematical Formulations 
 

Consider the peristaltic transport of a viscous incompressible Sisko fluid flowing through a 
uniform channel. The sinusoidal wave trains of wavelength 𝜆 propagating with speed 𝑐, cause the 
fluid motion along the channel walls. 

Geometry of the uniform channel (Figure 1) given by the expression 
 

𝐻′ = 𝑎′ + 𝑏′ 𝑠𝑖𝑛 [
2𝜋

𝜆
(𝑧′ − 𝑐𝑡′)]           (1) 

 
where 𝐻′ is the uniform wave in which 𝑎′ is the uniform radius, 𝑏′ is the wave amplitude, and 𝑡’ is 
the time. 
 

 
Fig. 1. Geometry of the uniform channel 
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For a Sisko fluid flow, the equation of continuity, equation of motion and energy equation are 
written as 
 
 𝜕𝑢′

𝜕𝑥′
+

𝜕𝑤′

𝜕𝑦′
= 0              (2) 

 

𝜌 [
𝜕𝑢′

𝜕𝑡′
+ 𝑢′ 

𝜕𝑢′

𝜕𝑥′
+ 𝑤′

𝜕𝑢′

𝜕𝑦′
] =  −

𝜕𝑝′

𝜕𝑥′ +  
𝜕𝜏′

𝑥′𝑥′

𝜕𝑥′ +  
𝜕𝜏′

𝑥′𝑦′

𝜕𝑦′ + 𝜌𝑔 sin 𝛾       (3) 

 

𝜌 [
𝜕𝑤′

𝜕𝑡′
+ 𝑢′ 𝜕𝑤′

𝜕𝑥′
+ 𝑤′ 𝜕𝑤′

𝜕𝑦′
] =  −

𝜕𝑝′

𝜕𝑥′
+  

𝜕𝜏′
𝑥′𝑦′

𝜕𝑥′
+ 

𝜕𝜏′
𝑦′𝑦′

𝜕𝑦′
+ 𝜌𝑔 cos 𝛾       (4) 

 

𝜌𝐶𝑃 [
𝜕𝑇′

𝜕𝑡′
+ 𝑢′ 𝜕𝑇′

𝜕𝑥′
+ 𝑤

′
𝜕𝑇′

𝜕𝑦′] =  𝑘1 [ 
𝜕2𝑇′

𝜕𝑥′2  +
𝜕2𝑇′

𝜕𝑦′2 ] + 𝜏′
𝑥′𝑥′  

𝜕𝑢′

𝜕𝑥′
 + 𝜏′

𝑦′𝑦′  
𝜕𝑤′

𝜕𝑥′
 + 𝜏′

𝑥′𝑦′ (
𝜕𝑢′

𝜕𝑥′
+

𝜕𝑤′

𝜕𝑥′
)   (5) 

 
where 𝑢′, 𝑤′ are velocity components in radial and axial directions respectively. 𝜌 is fluid density, 𝑝′ 
is pressure, 𝜏′

𝑥′𝑥′  ,  𝜏′
𝑥′𝑦′ ,  𝜏′

𝑦′𝑦′  are extra stress components, while 𝑘1 , 𝑇′ , 𝐶𝑃  denotes mass 

diffusivity coefficient, temperature and the specific heat at constant volume respectively. 

Convective boundary conditions for the problem are given as follows 
 

 
𝜕𝑢′

𝜕𝑦′
= 𝜏0    at    𝑦′ = 0             (6) 

 

𝑢′ + 𝜂1
𝜕𝑢′

𝜕𝑦′ = 0   at    𝑦′ = 𝐻′ = 𝑎′ + 𝑏′ sin (
2𝜋

𝜆
 (𝑥′ − 𝑐𝑡′))       (7) 

 
𝜕𝑇′

𝜕𝑦′
= 0    at    𝑦′ = 0             (8) 

 

𝑇′ + 𝜂2  
𝜕𝑇′

𝜕𝑦′  = 0  at   𝑦′ = 𝐻′ = 𝑎′ + 𝑏′ sin (
2𝜋

𝜆
 (𝑥′ − 𝑐𝑡′))       (9) 

 
where 𝜂1 and 𝜂2 represent velocity and thermal slip parameter respectively. 

Constitutive equation of the Sisko fluid model is given as 
 

𝜏 = {𝜇(𝑦) + 𝛽 (
𝜕𝑢

𝜕𝑦
)

𝑛−1

} (
𝜕𝑢

𝜕𝑦
)                      (10) 

 
where 𝛽 is the coefficient of pseudo-plasticity, and n is the fluid behaviour index. 

Dimensionless quantities of interest are given below 
 

𝑥 =
𝑥′

𝜆
 , 𝑦 =

𝑦′

𝑎′
 ,   𝑢 =

𝑢′

𝑐
 ,   𝑤 =

𝜆𝑤′

𝑐𝑎
 , 𝜏𝑥𝑥 =

𝑎′𝜏′
𝑥′𝑥′

𝑐 𝜇
 , 𝜏𝑥𝑦 =

 𝑎′𝜏′
𝑥′𝑦′

𝑐 𝜇
 , 𝜏𝑦𝑦 =

𝑎′𝜏′𝑦′𝑦 ′

𝑐 𝜇
  , 𝑡 =

𝑐 𝑡′

𝜆
  ,

𝑅𝑒 =
𝑎 𝑐 𝜌

𝜇
 ,   𝑝 =

𝑎′2
𝑝′

𝑐 𝜆 𝜇
  , 𝜃 =

𝑇′−𝑇′
0

𝑇1−𝑇0
  , 𝑃𝑟 =  

𝜇 𝐶𝑃

𝑘1
  , 𝛿 =

𝑎′

𝜆
 , 𝜖 =

𝑏′

𝑎′
 , 𝐹1 =

𝜇 𝑐

𝜌𝑔𝑎′
 , 𝐸1 =

−𝜎𝑎′3

𝜆3𝜇 𝑐
 ,

𝐸2 =
𝑚 𝑎′3

𝑐

𝜆3𝜇 
  , 𝐸3 =

 𝑎′3
𝑐

𝜆3𝜇 
 ,   ℎ =

𝐻′

𝑎′
= 1 + 𝜖 sin(2𝜋(𝑥 − 𝑡)) ,

     (11) 
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On utilizing the non-dimensional transformations from Eq. (11) in Eq. (2) to Eq. (9), after applying 
the long wavelength and small Reynolds number approximation, dimensionless governing equations 
are obtained as 
 
𝜕𝜏

𝜕𝑦
= (

𝜕𝑝

𝜕𝑥
) −

𝑠𝑖𝑛 𝛾

𝐹
                       (12) 

 
𝜕𝑝

𝜕𝑦
= 0                         (13) 

 
𝜕

𝜕𝑦
{𝑘(𝜃)

𝜕𝜃

𝜕𝑦
} + 𝐵𝑟 𝜏

𝜕𝑢

𝜕𝑦
= 0                      (14) 

 
where  𝛾 is the angle of inclination and 𝐵𝑟 represent the Brinkman number. 

Accordingly, the appropriate dimensionless slip boundary conditions are provided by 
 

𝑢 + 𝜂1
𝜕𝑢

 𝜕𝑦
= −1  𝑎𝑡 𝑦 = ℎ                      (15) 

 
𝜕𝑢

 𝜕𝑦
= 0   𝑎𝑡  𝑦 = 0                       (16) 

 

𝜃 + 𝜂2
𝜕𝜃

𝜕𝑦
= 0   𝑎𝑡  𝑦 = ℎ                      (17) 

 
𝜕𝜃

𝜕𝑦
= 0   𝑎𝑡  𝑦 = 0                       (18) 

 
The variation in viscosity 𝜇(𝑦) and thermal conductivity 𝑘(𝜃) are given by 
 
𝜇(𝑦) = 1 − 𝛼1𝑦         𝛼1 << 1                     (19) 
 
𝑘(𝜃) = 1 + 𝛼2 𝜃        𝛼2 << 1                     (20) 
 

where 1  and 𝛼2  are the coefficient of variable viscosity and coefficient of thermal conductivity 

respectively. 
 
3. Solution Methodology 
 

Consider Eq. (12). Let P =
𝜕𝑝

𝜕𝑥
 and 𝑓 =

sin 𝛾

𝐹
 . On integrating, following expression is obtained 

 
𝜏 = (𝑃 − 𝑓)𝑦                        (21) 
 
On comparing Eq. (10) and Eq. (21) 
 

(𝑃 − 𝑓) 𝑦 = {1 − 𝛼1𝑦 + 𝛽 (
𝜕𝑢

𝜕𝑦
)

𝑛−1

} (
𝜕𝑢

𝜕𝑦
)                    (22) 

 
𝜕

𝜕𝑦
{𝑘(𝜃)

𝜕𝜃

𝜕𝑦
} + 𝐵𝑟 {(1 − 𝛼1𝑦) (

𝜕𝑢

𝜕𝑦
) + 𝛽 (

𝜕𝑢

𝜕𝑦
)

𝑛
} (

𝜕𝑢

𝜕𝑦
) = 0                  (23) 
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The above Eq. (22) and Eq. (23) are non-linear in nature and hence analytical solution for these 
are tedious. Hence, we introduce the series solution using perturbation technique to obtain the 
solutions. The solution for stream function (𝜓 ) is obtained in closed form. 
 
3.1 Perturbation Technique 
 

To solve the velocity and temperature expression, the series perturbation technique is applied by 
using the equations below 
 
𝑢 = Σ𝛽𝑛𝑢𝑛                        (24) 
 
𝜃 = Σ𝛽𝑛𝜃𝑛                        (25) 
 
By ignoring 𝑂(𝛽2) terms in Eq. (24), expression the for velocity is obtained as 
 
𝑢 =  𝑢0 + 𝛽 𝑢1                       (26) 
 
The zeroth order velocity equation, along with boundary conditions, is given by 
 

(𝑃 − 𝑓) 𝑦 = {1 − 𝛼1𝑦} (
𝜕𝑢0

𝜕𝑦
)

 
𝜕𝑢0

𝜕𝑦
= 0    at    𝑦 = 0      and      𝑢0 + 𝜂1

𝜕𝑢0

𝜕𝑦
= −1    at    𝑦 = ℎ

                 (27) 

 
First order velocity equation with boundary conditions is given by 
 

(1 − 𝛼1 𝑦 ) (
𝜕𝑢1

𝜕𝑦
) + (

𝜕𝑢0

𝜕𝑦
)

𝑛

= 0

𝜕𝑢1

𝜕𝑦
= 0    at    𝑦 = 0  and      𝑢1 + 𝜂1

𝜕𝑢1

𝜕𝑦
= 0    at    𝑦 = ℎ

                  (28) 

 
On ignoring 𝑂(𝛽2) terms, the expression for temperature is considered as 
 
𝜃 =  𝜃0 + 𝛽 𝜃1                       (29) 
 
Zeroth order temperature expression with boundary conditions is given by 
 
𝜕𝜃0

𝜕𝑦
+ 𝛼2𝜃0

𝜕𝜃0

𝜕𝑦
+ ∫ 𝐵𝑟  {(1 − 𝛼1𝑦) (

𝜕𝑢0

𝜕𝑦
)

2

}  𝜕𝑦 = 0

𝜕𝜃0

𝜕𝑦
= 0      at    𝑦 = 0       and      𝜃0 + 𝜂2

𝜕𝜃0

𝜕𝑦
= 1  at  𝑦 = ℎ

                  (30) 

 
First order temperature expression with boundary conditions is given by 
 
𝜕𝜃1

𝜕𝑦
+ 𝛼2𝜃0

𝜕𝜃1

𝜕𝑦
+ 𝛼2𝜃1

𝜕𝜃0

𝜕𝑦
+ ∫ 𝐵𝑟  {2(1 − 𝛼1𝑦) (

𝜕𝑢0

𝜕𝑦
) (

𝜕𝑢1

𝜕𝑦
) + 𝛽 (

𝜕𝑢0

𝜕𝑦
)

𝑛+1

} 𝜕𝑦 = 0

𝜕𝜃1

𝜕𝑦
= 0      at    𝑦 = 0     and      𝜃1 + 𝜂2

𝜕𝜃1

𝜕𝑦
= 0   at    𝑦 = ℎ

              (31) 
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The above equations are non-linear in nature and hence we apply double perturbation technique 
to obtain the solutions. 
 

𝑢𝑖 = Σ𝛼1
𝑗
𝑢𝑖𝑗  , 𝑤ℎ𝑒𝑟𝑒 𝑖 = {0,1} ,0 ≤ 𝑗 ≤ 𝑛                    (32) 

 

𝜃𝑖 = Σ 𝛼2
𝑗
 𝜃𝑖𝑗  , 𝑤ℎ𝑒𝑟𝑒 𝑖 = {0,1} , 0 ≤ 𝑗 ≤ 𝑛                    (33) 

 
To obtain simpler solutions for velocity and temperature, higher order terms are ignored, i.e., 

𝑂(𝛼1
2) 𝑎𝑛𝑑 𝑂(𝛼2

2). Then the following equations are obtained for velocity and temperature. 
 
𝑢0 =  𝑢00 + 𝛼1 𝑢01                       (34) 
 
𝑢1 =  𝑢10 + 𝛼1𝑢11                       (35) 
 
𝜃0 = 𝜃00 + 𝛼2𝜃01                       (36) 
 
𝜃1 = 𝜃10 + 𝛼2𝜃11                       (37) 
 
Substituting Eq. (34) in Eq. (27) 
 
Zeroth order velocity equation along with boundary conditions is obtained as 
 
𝑢00

′ = (𝑃 − 𝑓) 𝑦
𝜕𝑢00

𝜕𝑦
= 0    at    𝑦 = 0      and      𝑢00 + 𝜂1

𝜕𝑢00

𝜕𝑦
= −1    at    𝑦 = ℎ

                 (38) 

 
First order velocity equation along with boundary conditions is obtained as 
 
𝑢01

′ − 𝑢00
′ 𝑦 = 0

𝜕𝑢01

𝜕𝑦
= 0    at    𝑦 = 0      and      𝑢01 + 𝜂1

𝜕𝑢01

𝜕𝑦
= 0   at    𝑦 = ℎ

                  (39) 

 
Substituting Eq. (35) in Eq. (28) 
 
Zeroth order velocity equation along with boundary conditions is obtained as 
 
𝑢10

′ + (𝑢00
′ )𝑛 = 0

𝜕𝑢10

𝜕𝑦
= 0    at    𝑦 = 0  and      𝑢10 + 𝜂1

𝜕𝑢10

𝜕𝑦
= 0   at    𝑦 = ℎ

                  (40) 

 
First order velocity equation along with boundary conditions is obtained as 
 
𝑢11

′ − 𝑢10
′ 𝑦 + 𝐶1

𝑛  𝑢01
′  (𝑢00

′ )𝑛−1 = 0
𝜕𝑢11

𝜕𝑦
= 0    at    𝑦 = 0  and      𝑢11 + 𝜂1

𝜕𝑢11

𝜕𝑦
= 0   at    𝑦 = ℎ

                  (41) 
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By solving Eq. (38), Eq. (39), Eq. (40) and Eq. (41) analytically, the expression for velocity is 
obtained by substituting in Eq. (26). 
 
i.e., 𝑢 = 𝑢00 + 𝛼1𝑢01 + 𝛽 𝑢10 + 𝛽 𝛼1 𝑢11 
 

The analytical solution for stream function can be obtained by using the equation 𝑢 =
𝜕𝜓

𝜕𝑦
.  

 
Similarly using Eq. (36) in Eq. (30) 
 
Zeroth order temperature expression along with boundary conditions is obtained as 
 
𝜕𝜃00

𝜕𝑦
+ ∫ 𝐵𝑟  {(1 − 𝛼1𝑦) (

𝜕𝑢0

𝜕𝑦
)

2

}  𝜕𝑦 = 0

𝜕𝜃00

𝜕𝑦
= 0   at    𝑦 = 0   and   𝜃00 + 𝜂2

𝜕𝜃00

𝜕𝑦
= 1   at   𝑦 = ℎ

                  (42) 

 
First order temperature expression along with boundary conditions is obtained as 
 
𝜕𝜃01

𝜕𝑦
+ 𝜃00

𝜕𝜃00

𝜕𝑦
= 0

𝜕𝜃01

𝜕𝑦
= 0  at  𝑦 = 0   and    𝜃01 + 𝜂2

𝜕𝜃01

𝜕𝑦
= 0    at   𝑦 = ℎ

                  (43) 

 
Substituting Eq. (37) in Eq. (31) 
 
Zeroth order temperature expression along with boundary conditions is obtained as 
 
𝜕𝜃10

𝜕𝑦
+ ∫ 𝐵𝑟  {2(1 − 𝛼1𝑦) (

𝜕𝑢0

𝜕𝑦
) (

𝜕𝑢1

𝜕𝑦
) + 𝛽 (

𝜕𝑢0

𝜕𝑦
)

𝑛+1

} 𝜕𝑦 = 0

𝜕𝜃10

𝜕𝑦
= 0  at    𝑦 = 0    and    𝜃10 + 𝜂2

𝜕𝜃10

𝜕𝑦
= 0   at    𝑦 = ℎ

                 (44) 

 
First order temperature expression along with boundary conditions is obtained as 
 
𝜕𝜃11

𝜕𝑦
+ 𝜃00

𝜕𝜃10

𝜕𝑦
+ 𝜃10

𝜕𝜃00

𝜕𝑦
= 0

𝜕𝜃11

𝜕𝑦
= 0   at  𝑦 = 0    and   𝜃11 + 𝜂2

𝜕𝜃11

𝜕𝑦
= 0    at    𝑦 = ℎ

                  (45) 

 
By solving Eq. (42), Eq. (43), Eq. (44) and Eq. (45) analytically, and substituting in Eq. (29) 

expression for temperature function is obtained as 
 
i.e., 𝜃 = 𝜃00 + 𝛼2𝜃01 + 𝛽 𝜃10 + 𝛽 𝛼2 𝜃11 
 
where 
 
𝜕𝑝

𝜕𝑥
= 𝑃 = 𝐸1

𝜕3ℎ

𝜕𝑥3   + 𝐸2
𝜕3ℎ

𝜕𝑥𝜕𝑡2 + 𝐸3
𝜕2ℎ

𝜕𝑥𝜕𝑡
  𝑎𝑡 𝑦 = ℎ                   (46) 

 
 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 103, Issue 2 (2023) 157-179 

166 

 

4. Graphical Results and Discussion 
 

The investigation is carried out to examine the influence of fluid parameter (𝛽), coefficient of 
variable viscosity (𝛼1  ), coefficient of variable thermal conductivity (𝛼2 ), angle of inclination (𝛾), 
Brinkman number (𝐵𝑟) and wall properties 𝐸𝑖  (𝑖 = 1, 2, 3 ), for velocity (𝑢), temperature (𝜃) and 
stream lines (𝜓) which are analysed and discussed through graphs. MATLAB 2022a programming is 
used to calculate the impact of the above parameter with the help of graphs. 
 
4.1 Velocity Profiles 
 

The aim of this subsection is to demonstrate the impact of important components perceived in 
Figure 2(a)-(e) and Figure 3(a)-(e) on the velocity profile for different fluid behaviour index, say 𝑛 =
1 and 𝑛 = 2 respectively. The figures indicate that the curves are parabolic in all circumstances, with 
the peak value observed in the centre of the channel. Figure 2(a) represent the fluid parameter of 
the Sisko fluid for 𝑛 = 1. As the fluid parameter (𝛽) grows, the velocity profile decreases. For an 
increase in variable viscosity, a rise in velocity profile is noticed (Figure 2(b)). Figure 2(c) depicts the 
velocity profile for variation in velocity slip parameter. The figure shows an enhancement in the 
velocity profile for velocity slip parameter. Figure 2(d) represents the variation in inclination angle, 
which improves the velocity profile as the angle of inclination increases. Figure 2(e) are sketched to 
observe the change in fluid velocity due to varying wall properties. An increase in velocity profiles 
can be seen for an increase in wall rigidity and wall elasticity parameters. As the wall damping 
parameter increases, the velocity profiles also decrease. 

Figure 3 represents the variation in velocity profiles for 𝑛 = 2. The fluid parameter of the Sisko 
fluid is depicted in Figure 3 (a). The velocity profile grows as the fluid parameter increases. Figure 
3(b) shows that as the variable viscosity increases, so does the velocity profile. Figure 3(c) depicts an 
improvement in the velocity profile for the velocity slip parameter. Figure 3(d) depicts the inclination 
angle fluctuation, which improves the velocity profile as the angle of inclination increases. Figure 3(e) 
depicts the variation in velocity caused by various wall characteristics. An increase in wall rigidity and 
elasticity parameters causes an increase in the velocity profile. The velocity profiles decrease as the 
wall damping parameter rises. This shows that wall properties plays an significant role in the 
peristalsis. 
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Fig. 2. Variation of velocity profiles when  𝐸1 =  0.01, 𝐸2 =  0.02, 𝐸3 =  0.01, 𝛽 = 0.02, 𝑥 =

 0.2, 𝐹 =  2, 𝜂1 = 0.2, 𝛾 =  
𝜋

4
, 𝛼1  =  0.02, 𝑡 = 0.1, 𝜖 = 0.3, 𝑛 = 1 
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Fig. 3. Variation of velocity profiles when 𝐸1 = 0.01, 𝐸2 = 0.02, 𝐸3 = 0.01, 𝛽 = 0.02, 𝑥 =

 0.2, 𝐹 = 2,  𝜂1 = 0.2, 𝛾 =  
𝜋

4
, 𝛼1  =  0.02, 𝑡 = 0.1, 𝜖 = 0.3, 𝑛 = 2 
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4.2 Temperature Profiles 
 

The physical description of temperature variation concerning parameter variation in both 
circumstances is presented in this subsection. The temperature at the wall is lower than that in the 
centre of the channel and remains constant for all parameter values. This is due to the viscous 
dissipation effect that favours heat flux. Figure 4(a)-(g) and Figure 5(a)-(g) are drawn for the variation 
of different parameters for temperature with 𝑛 = 1 and 𝑛 = 2 respectively. Figure 4(a) represent 
the fluid parameter of the Sisko fluid. As the fluid parameter 𝛽  increases, temperature profiles 
decrease for 𝑛 = 1. An increase in the coefficient of variable viscosity increases the temperature 
while the rise in variable thermal conductivity enhances the temperature, as seen in Figure 4(b) and 
Figure 4(c) respectively. Figure 4(d) and Figure 4(e), depict the temperature variation for the thermal 
slip parameter and angle of inclination and both the graphs shows the similar behaviour for 
temperature. The rise in both thermal slip parameter and inclination angle improves the temperature 
profiles. An enhancement in temperature profile is seen for the increase in Brinkmann number (See 
Figure 4(f)). Figure 4(g) shows the plot for varying wall properties. An increase in wall rigidity and 
elasticity parameters increases the temperature while the damping parameter shows opposite 
behaviour. These figures clearly show that an increase in wall damping parameter decreases the 
temperature profiles. 
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Fig. 4. Variation of temperature profiles when 𝐸1 =  0.01, 𝐸2 =  0.02, 𝐸3 =  0.01, 𝛽 = 0.02, 𝑥 =  0.2, 𝐹 =

 2, 𝜂2 = 0.2, 𝛾 =  
𝜋

4
, 𝛼1  =  0.02, 𝛼2  =  0.02, 𝑡 = 0.1, 𝜖 = 0.3, 𝐵𝑟 = 2, 𝑛 = 1 
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Figure 5(a) depicts the fluid parameter of the Sisko fluid. Temperature profiles for n = 2 increase 
as the fluid parameter rises. Temperature rises in response to increases in the coefficient of variable 
viscosity and variable thermal conductivity, as shown in Figure 5(b) and Figure 5(c). The temperature 
variation for the thermal slip parameter and angle of inclination are shown in Figure 5(d) and Figure 
5(e), respectively, and both graphs exhibit almost the same behaviour for temperature. Temperature 
profiles are enhanced by improvements in the thermal slip parameter and inclination angle. The 
temperature profile improves as the Brinkmann number increases (see Figure 5(f)). The plot for 
different wall characteristics is shown in Figure 5(g). The temperature rises as the wall rigidity and 
elasticity parameters are increased, whereas the damping parameter exhibits the opposite 
behaviour. These graphs clearly illustrate that increasing the wall damping value reduces the 
temperature profiles. 
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Fig. 5. Variation of temperature profiles when 𝐸1 =  0.01, 𝐸2 =  0.02, 𝐸3 =  0.01, 𝛽 = 0.02, 𝑥 =

 0.2, 𝐹 =  2, 𝜂2 = 0.2, 𝛾 =  
𝜋

4
, 𝛼1  =  0.02, 𝛼2  =  0.02, 𝑡 = 0.1, 𝜖 = 0.3, 𝐵𝑟 = 2, 𝑛 = 2 

 
4.3 Trapping Phenomenon 
 

Trapping is the most important phenomenon in peristalsis. During peristalsis, a few of its 
streamlines close, resulting in the formation of boluses that circulate internally and travel forward at 
the speed of the peristaltic wave. This subsection produced the streamline pattern variation for the 
considered geometry. These streamlines are depicted in Figure 6 to Figure 10 for 𝑛 = 1 and figure 
11-15 for 𝑛 = 2. Figure 6 interprets streamline variation for different values of fluid parameter 𝛽. 
The number of bolus decreases for 𝑛 = 1. Figure 7 depicts the streamlines for variation of coefficient 
of variable viscosity. As variable viscosity increases, the bolus size also increases. Similar effect is seen 
in case of velocity slip parameter in Figure 8. The number of formation of boluses increases for 
increase in angle of inclination for 𝑛 = 1 (See Figure 9). Figure 10 shows the streamlines for different 
wall properties. It can be noticed that as the wall rigidity parameter increases, there is an increase in 
the size of the bolus, as seen in 10(b). From 10(b) to 10(c), the number of bolus increases. It is due to 
the rise in wall elasticity parameters. But in 10(d), the bolus size diminishes for a rise in the wall 
damping parameter. 
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Fig. 6. Variation of streamlines for (a) 𝛽 = 0.01, (b) 𝛽 =  0.04 for 𝑛 = 1 

 

  
Fig. 7. Variation of streamlines for (a) 𝛼1  = 0.01, (b) 𝛼1  =  0.04 for 𝑛 = 1 

 

  
Fig. 8. Variation of streamlines for (a) 𝜂1  = 0.2, (b) 𝜂1  =  0.4 for 𝑛 = 1 
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Fig. 9. Variation of streamlines for (a) 𝛾 = 𝜋/6, (b) 𝛾 = 𝜋/3 for 𝑛 = 1 

 

  

  
Fig. 10. Variation of streamlines for (a) 𝐸1 = 0.01, 𝐸2 = 0.02, 𝐸3 = 0.01(b)𝐸1 =
0.02, 𝐸2 = 0.02,  𝐸3 = 0.01 (c) 𝐸1 = 0.02, 𝐸2 = 0.03, 𝐸3 = 0.01 (d) 𝐸1 = 0.02, 𝐸2 =
0.03, 𝐸3 = 0.04 for 𝑛 = 1 
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Figure 11 depicts the interpretation of streamline variation for various fluid parameter values. 
For n = 2, the number of boluses increases. Figure 12 displays the streamlines for varying the 
coefficient of variable viscosity. The bolus size grows along with the rise in variable viscosity. The 
streamlines for the velocity slip parameter are shown in Figure 13. The number of boluses produced 
is increasing. The number of boluses formed grows as the angle of inclination increases for n = 2 (see 
Figure 14). The streamlines for various wall characteristics are shown in Figure 15. It is evident that 
the size of the bolus grows as the wall rigidity parameter rises, as shown in Figure 15(b). The number 
of boluses rises from Figure 15(b) to Figure 15(c). It is caused by increased wall elasticity properties. 
However, in Figure 15(d), as the wall damping value is increased, the size of the bolus shrinks. 
 

  
Fig. 11. Variation of streamlines for (a) 𝛽 = 0.01, (b) 𝛽 = 0.04 for 𝑛 = 2 

 

  
Fig. 12. Variation of streamlines for (a) α1 = 0.01, (b) 𝛼1 = 0.04 for 𝑛 = 2 
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Fig. 13. Variation of streamlines for (a) 𝜂1 = 0.2, (b) 𝜂1 = 0.4 for 𝑛 = 2 

 

  
Fig. 14. Variation of streamlines for (a) 𝛾 = 𝜋/6, (b) 𝛾 = 𝜋/3 for 𝑛 = 2 
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Fig. 15. Variation of streamlines for (a) 𝐸1 = 0.01, 𝐸2 = 0.02, 𝐸3 = 0.01(b) 𝐸1 =
0.02, 𝐸2 = 0.02, 𝐸3 = 0.01 (c) 𝐸1 = 0.02, 𝐸2 = 0.03, 𝐸3 = 0.01 (d) 𝐸1 = 0.02, 𝐸2 =
0.03, 𝐸3 = 0.04 for 𝑛 = 2 

 
5. Conclusion 
 

The peristaltic mechanism of the Sisko fluid is investigated in the current study using a uniform 
channel by taking variable fluid properties into consideration. Double Purturbation technique is 
employed to obtain the solution for the governing equations. The objective of the present study is to 
develop applications in areas such as biomedical engineering, and technology. Some important 
observations are made during the examination. Preliminary results obtained are as follows 

 
i. Variable Fluid properties improve the velocity and temperature profiles during peristalsis 

for both values of 𝑛 = 1 and 𝑛 = 2. 
ii. Velocity slip parameters improves the number of trapped boluses. 

iii. Velocity improves for an increase in wall rigidity and wall elasticity parameters while it 
declines as wall damping parameter increases. 

iv. Inclination angle increases the velocity and temperature profiles. 
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