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This study provides a theoretical investigation of peristaltic transport of couple-stress nanofluid under the influence of a magnetic field 
in an inclined porous tube. With low Reynolds number, long wavelength approximations, appropriate analytical methods are employed 
to investigate the fluid’s velocity, frictional force, time-averaged flux, nanoparticle phenomena, pressure drop, and temperature profile. 
The effects of various physical parameters, including the thermophoresis parameter, Brownian motion parameter, local nanoparticle 
Grashof number, and local temperature Grashof number, on frictional force and pressure drop characteristics are investigated. Graphs 
are used to illustrate expressions for pressure drop, velocity, nanoparticle phenomena, temperature profile, and frictional force.  
Keywords: Thermophoresis parameter; Peristalsis; Brownian motion parameter; Nanoparticles; Magnetic field; Couple stress fluid; 
Porous medium 
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Nomenclature 𝑎∗ ‘Tube Radius’ 𝐶ᇱ ‘Nanoparticle Concentration’ 𝑏∗ ‘Amplitude’ 𝐷஻∗ ‘Brownian diffusion coefficient’ 𝑐ଵ ‘Wave Speed’ 𝐷்ᇲ∗ ‘Thermophoretic diffusion coefficient’ 𝜆∗ ‘Wave Length’ 𝐶଴ᇱ ‘Nanoparticle Concentration as 𝑟∗ → ℎ’ ∅ ‘Inclination Angle’ 𝑇଴ᇱ ‘Ambient Temperature as 𝑟∗ → ℎ’ 𝑇௜௝஺ and 𝑇௜௝ ‘Antisymmetric Tensor and Symmetric Tensor’ 𝜃∗ ‘Temperature’ 𝑤௜∗ ‘Velocity Vector 𝜎∗ ‘Concentration’ 𝑀௜௝ ‘Couple-stress Tensor’ 𝑁௧∗ ‘Thermophoresis parameter’ 𝜇௜௝ ‘Deviatoric part of 𝑀௜௝’ 𝑁௕∗ ‘Brownian motion parameter’ 𝜔௜௝∗ ‘Vorticity Vector’ 𝐺௥∗ ‘Local temperature Grashof number’ 𝑑௜௝ ‘Symmetric part of Velocity Gradient’ 𝐵௥∗ ‘Local nanoparticle Grashof number’ 𝜂 and 𝛼ത ‘Couple-stress Fluid Parameters’ 𝑟∗ ‘Radial Coordinate’ 𝑝 ‘Pressure’ 𝑧 ‘Axial Coordinate’ 𝜌∗௙ ‘Fluid Density’ 𝑤∗ ‘Axial Velocity’ 𝜌∗௣ ‘Density of Particle’ 𝑘 ‘Porosity’ 𝐹 ‘Body Force’ 𝛿ଵ ‘Electrical Conductivity’ 𝐶 ‘Volumetric thermal expansion coefficient’ 𝐵଴ ‘Uniform Magnetic Field’ 𝑑/𝑑𝑡 ‘Material derivative’ 𝑀∗ ‘Hartmann Number’ 

INTRODUCTION 
Peristaltic pumping is the gradual contraction of a tube along its length. The cross-sectional area subsequently 

changes. Peristalsis naturally takes place in various tubular organs within the human body. Peristaltic motion has been 
used in several industrial applications, such as the transport of sterile and hygienic fluids, blood pumps for the heart and 
lungs, and the handling of chemically aggressive fluids. Researchers have studied the peristaltic transport of both non-
Newtonian and Newtonian fluids under a wide range of conditions, recognizing its significance.  

[1] conducted detailed research on Magnetohydrodynamic flow of nano-coupled stress fluid in the tapered, non-
uniform passage within a porous medium, considering velocity slip and convective boundaries. Their model integrates 
key physical influences such as nanoparticle dynamics (Brownian motion and thermophoresis), magnetic fields, and 
porous resistance. Numerical results reveal that stronger magnetic fields reduce axial velocity but improve heat transfer. 
The wall-slip and permeable medium significantly affect the flow and thermal behaviour. [2] explained the combined 
impact of magnetic field and heat transfer on peristaltic transport of couple-stress fluid through an inclined tube. Their 
model accounts for body forces, low Reynolds number, and long wavelength approximation due to inclination, along with 
temperature-dependent source terms. The results reveal that flow characteristics, including temperature gradients, 
pressure rise, and velocity profiles, are significantly affected by the interplay between magnetic damping, couple stress 
effects, and inclination angle. 
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[3-4] explained the theoretical study of the peristaltic flow of couple stress fluid, including mass and heat transfer 
effects. This study assumes a low Reynolds number, long wavelength approximation, which allows analytical solutions. 
Key aspects investigated are velocity distribution, time-averaged flux, frictional force, mechanical efficiency, pressure-
drop, nanoparticle behaviour, coefficients of heat and mass transport, and temperature profile. The influence of several 
physical parameters, such as Brownian motion, the couple stress fluid parameter, thermophoresis, nanoparticle, and 
temperature Grashof numbers, is thoroughly examined. and further it was studied with nanoparticles in an inclined tube 
by [5]. 

Researchers typically use the couple-stress fluid model because it is more mathematically simpler than other models. 
Blood, lubricants with electro-rheological suspensions, synthetic fluids, and high polymer-based additives exhibit couple-
stress and rotation, unlike Newtonian fluids. The couple stress fluid model provides a better representation for these fluids. 
[6] Stokes developed couple-stress fluids in 1966. [7] developed a stress model of blood flow in the microcirculation. [8] 
conducted a study on peristaltic transport of couple-stress fluid, focusing on its relevance to hemodynamic applications. 
[9] explored how the boundary layer affects peristaltic flow of couple stress fluid. [10] demonstrated the hydromagnetic 
influence on inclined peristaltic flow of couple stress fluid. 

Nanotechnology has significant impact on industry due to the distinctive physiochemical characteristics of nanoscale 
materials. Common base fluids used in nanofluid applications include oil, ethylene glycol, and water. Nanofluids are 
widely utilized in heat transfer processes, including those in fuel cells, microelectronics, hybrid engines, and 
pharmaceutical manufacturing. There is extensive literature available on nano fluids and their uses. [11] was the first to 
research nanofluids and further it was studied in an inclined tube by [12]. [13] carried out research concerning pool boiling 
behaviour of nanofluids in horizontally oriented narrow tubes. [14] studied peristaltic motion of third order nanofluids 
under mixed convection in the presence of an inclined magnetic field. [15-17] investigated the peristaltic flow of 
nanoparticle-laden micropolar fluid, taking into account heat and mass transfer effects in an inclined tube. Many ducts in 
the physiological system are inclined with the axis, rather than being horizontal. [18] explored the effect of slip conditions 
on the peristaltic transport of power-law fluid through the inclined tube.  

In the previous literature, the researchers studied (i) peristaltic transport of Newtonian or micropolar fluids with 
MHD, (ii) peristaltic transport of a couple-stress fluid with MHD, but without nanoparticles, porous medium. In this work, 
we considered couple-stress fluid with nanoparticles in an inclined tube under the influence of MHD through porous 
medium. This comprehensive model is especially important for advanced applications such as biomedical engineering 
(magnetic targeting of drug carriers in porous tissues and blood flow under external magnetic fields), thermal management 
of electronics (cooling microchips using nanofluids in porous heat sinks with MHD flow control), and industrial processes 
(peristaltic pumping of complex fluids in chemical reactors with porous linings). 

With all of the aforementioned in mind, the peristaltic flow of couple stress nanofluid within inclined tube was 
examined under the assumptions of low Reynolds number and long wavelength. Homotopy perturbation method (HPM) 
was employed to solve the coupled equations governing temperature profile and nanoparticle phenomena. Analytical 
solutions for nanoparticle phenomena, velocity, temperature profile, frictional force, and pressure drop were developed. 
Impact of various conditions on these flow parameters has been represented using graphs.  
 

MATHEMATICAL FORMULATION 
Peristaltic flow of an incompressible couple-stress nanofluid having a uniform cross-sectional radius 𝑎ଵin an inclined 

tube. A sinusoidal wave travels along the tube border with amplitude 𝑏∗, wavelength 𝜆∗, speed 𝑐ଵ, and inclined tube angle 
is ∅.  

 
Figure 1. Geometry of the problem 

Consider the cylindrical polar coordinate system ሺ𝑅,𝜃∗,𝑍ሻ then the geometry of the wall surface is 

 𝑅 = 𝐻ሺ𝑧, 𝑡∗ሻ = 𝑏∗𝑆𝑖𝑛 ଶగఒ∗ ሺ𝑍 − 𝑐ଵ𝑡∗ሻ + 𝑎∗ (1) 
In a fixed coordinate frame, the governing equations of an incompressible couple-stress fluid containing 

nanoparticles, neglecting body couples or body moments, are expressed as follows  
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 𝑇௝௜.௝ = 𝜌∗ ௗ௪೔∗ௗ௧∗  (2) 

 𝑒௜௝௞∗𝑇௝௞஺ + 𝑀௝௜.௝ = 0 (3) 

 𝑙௜௝ = −𝑝𝛿௜௝∗ + 2𝜇௜௝𝑑௜௝ (4) 

 𝜇௜௝ = 4𝜂𝜔௝.௜∗ + 4𝜂ᇱ𝜔௜௝∗ (5) 

 (𝜌∗𝑐)௙ ௗ்ᇲௗ௧∗ = 𝑘∇ଶ𝑇ᇱ + (𝜌∗𝑐)௣ ቂ𝐷஻∗∇𝐶ᇱ.∇𝑇ᇱ + ஽೅ᇲ∗బ்ᇲ ∇𝑇ᇱ.∇𝑇ᇱቃ (6) 

 ௗ஼ᇲௗ௧∗ = 𝐷஻∗∇ଶ𝐶ᇱ + ቂ஽೅ᇲ∗బ்ᇲ ቃ ∇ଶ𝑇ᇱ (7) 

By applying the transformation 𝑟∗ = 𝑅, 𝑧 = 𝑍 − 𝑐ଵ𝑡∗,𝜃∗ = 𝜃∗,𝑢∗ = 𝑈,  𝑤∗ = 𝑊− 𝑐ଵ 

Transforming from a stationary to a moving reference frame, we get  

 డ௨∗ᇲௗ௥∗ᇲ + ௨∗ᇲ௥∗ᇲ + డ௪∗ᇲడ௭ᇲ = 0 (8) 

 𝜇∇ଶ ቂ1 − ଵఈഥమ ∇ଶቃ𝑤∗ᇱ = ௗ௣ᇲௗ௭ᇲ + 𝜌∗𝑔𝛽∗(𝑇ᇱ − 𝑇଴ᇱ) + 𝜌∗𝑔𝛽∗(𝐶ᇱ − 𝐶଴ᇱ) + ௦௜௡∅ி + 𝛿ଵ𝐵଴ଶ𝑤∗ᇱ + ఓ௞ 𝑤∗ᇱ (9) 

 ቂ𝑢∗ᇱ డ்ᇲడ௥∗ᇲ + 𝑤∗ᇱ డ்ᇲడ௭ᇲቃ = 𝛽∗ ൤ డమ்ᇲడ௥∗ᇲమ + ଵ௥∗ᇲ డ்ᇲడ௥∗ᇲ + డమ்ᇲడ௭ᇲమ൨ + 𝜏 ൜𝐷஻∗ ቂడ஼ᇲడ௥∗ᇲ డ்ᇲడ௥∗ᇲ + డ஼ᇲడ௭ᇲ డ்ᇲడ௭ᇲቃ + ஽೅ᇲ∗బ்ᇲ ൤ቀ డ்ᇲడ௥∗ᇲቁଶ + ቀడ்ᇲడ௭ᇲቁଶ൨ൠ (10) 

 ቂ𝑢∗ᇱ డ஼ᇲడ௥∗ᇲ + 𝑤∗ᇱ డ஼ᇲడ௭ᇲቃ = 𝐷஻∗ ൤డమ஼ᇲడ௥∗ᇲమ + ଵ௥∗ᇲ డ஼ᇲడ௥∗ᇲ + డమ஼ᇲడ௭ᇲమ൨ + ஽೅ᇲ∗బ்ᇲ ൤ డమ்ᇲడ௥∗ᇲమ + ଵ௥∗ᇲ డ்ᇲడ௥∗ᇲ + డమ்ᇲడ௭ᇲమ൨ (11) 

with ∇ଶ= ଵ௥∗ డడ௥∗ ቀ𝑟∗ డడ௥∗ቁ 

where 𝜏 = (ఘ∗஼)೛(ఘ∗஼)೑ and 𝐹 = ଵఘ∗௚ 

The dimensionless quantities: 𝑟∗ = 𝑟∗ᇱ𝑎∗ ,ℎᇱ = ℎ𝑎∗ , 𝑧 = 𝑧ᇱ𝜆∗ ,𝑤∗ = 𝑤∗ᇱ𝑐ଵ ,𝑝 = 𝑎∗ଶ𝑝ᇱ𝜆∗𝑐ଵ𝜇 , 𝑡∗ = 𝑐ଵ𝑡∗ᇱ𝜆∗ ,𝑢∗ = 𝜆𝑢∗ᇱ𝑎∗𝑐ଵ ,𝜃∗ = 𝑇ᇱ − 𝑇଴ᇱ𝑇଴ᇱ , 
𝑅௘ = ଶఘ∗௖భ௔∗ఓ ,  𝛽∗ = ௞భ(ఘ∗஼)೑ ,𝑁௕∗ = (ఘ∗஼)೛஽ಳ∗஼బᇲ(ఘ∗஼)೑ ,𝑁௧∗ = (ఘ∗஼)೛஽೅ᇲ∗ బ்ᇲ(ఘ∗஼)೑ఉ∗ ,𝜎∗ = ஼ᇲି஼బᇲ஼బᇲ  ,  
𝛼ത = 𝑎∗∅ = ටఓఎ 𝑎∗,  𝑘 = ௞௔∗మ, 𝑀∗ = ఋభ஻బమ௔∗మఓ , 𝐺௥∗ = ௚ఉ∗௔∗య బ்ᇲఊమ ,𝐵௥∗ = ௚ఉ∗௔∗య஼బᇲఊమ  

Here 𝐺௥∗ and 𝐵௥∗ are the temperature and nanoparticle Grashof numbers, respectively. They quantify the ratio of buoyancy 
forces to the viscous forces in the flow. A larger 𝐵௥∗ signifies a stronger influence of free convection induced by 
nanoparticle concentration differences. 

Substituting the dimensionless quantities into equations (8) to (11), and taking long wavelength and low Reynolds 
number approximations while omitting the initial terms, we get 

 డ௣డ௥ = 0 (12) 

 ଵ௥∗ డడ௥∗ ቀ𝑟∗ డడ௥∗ ቀ1 − ଵఈഥమ ∇ଶቁ𝑤∗ቁ = ௗ௣ௗ௭ + 𝐺௥∗𝜃∗ + 𝐵௥∗𝜎∗ + ௦௜௡∅ி + ቀఓ௞ + 𝑀∗ቁ𝑤∗ (13) 

 0 = ଵ௥∗ డడ௥∗ ቀ𝑟∗ డఏ∗డ௥∗ቁ + 𝑁௕∗ డఙ∗డ௥∗ డఏ∗డ௥∗ + 𝑁௧∗ ቀడఏ∗డ௥∗ቁଶ (14) 

 0 = ଵ௥∗ డడ௥∗ ቀ𝑟∗ డఙ∗డ௥∗ቁ + ே೟∗ே∗್ ൬ ଵ௥∗ డడ௥∗ ቀ𝑟∗ డఏ∗డ௥∗ቁ൰ (15) 

Dimensionless boundary conditions are  

 డ௪∗డ௥∗ = 0, డఙ∗డ௥∗ = 0, డఏ∗డ௥∗ = 0 at 𝑟∗ = 0 (16) 

 𝑤∗ = 0, 𝜎∗ = 0, 𝜃∗ = 0 at 𝑟∗ = ℎ(𝑧) = 1 + 𝜖𝑠𝑖𝑛2𝜋𝑧 (17) 
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 డమ௪∗డ௥∗మ − ఎഥ௥∗ డ௪∗డ௥∗ = 0 at 𝑟∗ = ℎ(𝑧) = 1 + 𝜖𝑠𝑖𝑛2𝜋𝑧 (18) 

 డమ௪∗డ௥∗మ − ఎഥ௥∗ డ௪∗డ௥∗  is finite at 𝑟∗ = 0 (19) 

Here 𝜖∗ = ௕∗௔∗ and 𝜂ᇱ = ఎഥఎ 
 

SOLUTION OF THE PROBLEM 
HPM: It combines the perturbation and homotopy methods. This methodology is more suitable than the other classic 

perturbation approaches.  
The homotopy formulations for (14) and (15) are (He, J. H. (1999)) 

 𝐻(𝜍,𝜃∗) = (1 − 𝜍)ሾ𝐿(𝜃∗) − 𝐿(𝜃ଵ଴∗ )ሿ + 𝜍 ൤𝑁௕∗ ቀడఙ∗డ௥∗ቁ ቀడఏ∗డ௥∗ቁ + 𝑁௧∗ ቀడఏ∗డ௥∗ቁଶ൨ (20) 

 𝐻(𝜍,𝜎∗) = (1 − 𝜍)ሾ𝐿(𝜎∗) − 𝐿(𝜎ଵ଴∗ )ሿ + 𝜍 ൤ே೟∗ே∗್ ൬ ଵ௥∗ డడ௥∗ ቀ𝑟∗ డఏ∗డ௥∗ቁ൰൨ (21) 

Let the linear operator be 𝐿 = ଵ௥∗ డడ௥∗ ቀ𝑟∗ డడ௥∗ቁ and 

𝜃ଵ଴∗ (𝑟∗, 𝑧) = ൬௥∗మି௛మସ ൰ ,𝜎ଵ଴∗ (𝑟∗, 𝑧) = −൬௥∗మି௛మସ ൰ are initial guesses  (22) 

Define 

 𝜃∗(𝑟∗, 𝑧) = 𝜃଴∗ + 𝜍𝜃ଵ∗ + 𝜍ଶ𝜃ଶ∗ + −−−−−− (23) 

 𝜎∗(𝑟∗, 𝑧) = 𝜎଴∗ + 𝜍𝜎ଵ∗ + 𝜍ଶ𝜎ଶ∗ + −−−−−− (24) 

Expressions for nanoparticle concentration and temperature profile are obtained for 
 𝜍 = 1 as  

 𝜎∗ = −ே೟∗ே∗್ (𝑁௕∗ − 𝑁௧∗) ൬௥∗రି௛ర଺ସ ൰ (25) 

 𝜃∗ = 𝑁௕∗(𝑁௕∗ − 𝑁௧∗) ൬௥∗లି௛లଵଵହଶ ൰ − 2𝑁௧∗(𝑁௕∗ − 𝑁௧∗) ൬௥∗లି௛లଵଵହଶ ൰ + (2𝑁௧∗ − 𝑁௕∗) ൬௥∗రି௛ర଺ସ ൰ (26) 

Substituting (25) and (26) in equation (13), we get 

ଵ௥∗ డడ௥∗ ቀ𝑟∗ డడ௥∗ ቀ1 − ଵఈഥమ ∇ଶቁ𝑤∗ቁ = ௗ௣ௗ௭ + ௦௜௡థி + 𝐺௥∗ ൤𝑁௕∗(𝑁௕∗ − 𝑁௧∗) ൬௥∗లି௛లଵଵହଶ ൰ − 2𝑁௧∗(𝑁௕∗ − 𝑁௧∗) ൬௥∗లି௛లଵଵହଶ ൰ +(2𝑁௧∗ − 𝑁௕∗) ൬௥∗రି௛ర଺ସ ൰൨ + 𝐵௥∗ ቆ− ே೟∗ே∗್ (𝑁௕∗ − 𝑁௧∗) ൬௥∗రି௛ర଺ସ ൰ቇ + ቀఓ௞ + 𝑀∗ቁ𝑤∗ (27) 

On solving equation (27) using the boundary conditions, we get 

𝑤∗ = ଵቈଵିఈഥమቆೝ∗మర ିቀഋೖାெ∗ቁೝరలరቇ቉ 𝛼തଶ ൜ቀௗ௣ௗ௭ + ௦௜௡∅ி ቁ ൬− ௥∗ర଺ସ + ௛మ௥∗మଵ଺ − ଷ௛ర଺ସ ൰ − 𝐺௥∗ ൤𝑁௕∗(𝑁௕∗ − 𝑁௧∗) ൬ ௥∗భబ଻ଷ଻ଶ଼଴଴ − ௛ల௥∗ర଻ଷ଻ଶ଼ + ହ௛ఴ௥∗మଽ଼ଷ଴ସ −
ଶଷ௛భబ଺ଵସସ଴଴൰ − 𝑁௧∗(𝑁௕∗ − 𝑁௧∗) ൬ ௥∗భబଷ଺଼଺ସ଴଴ − ௛ల௥∗రଷ଺଼଺ସ + ହ௛ఴ௥∗మହ଴଻ହଶ − 0.00000716628ℎଵ଴൰ + (2𝑁௧∗ − 𝑁௕∗) ൬ ௥∗ఴଵସ଻ସହ଺ − ௛ర௥∗రସ଴ଽ଺ + ௛ల௥∗మଵଵହଶ −ଷଵ௛ఴସଽଵହଶ൰൨ − 𝐵௥∗ ൤− ே೟∗ே∗್ (𝑁௕∗ − 𝑁௧∗) ൬ ௥∗ఴଵସ଻ସହ଺ − ௛ర௥∗రସ଴ଽ଺ + ௛ల௥∗మଵଵହଶ − ଷଵ௛ఴସଽଵହଶ൰൨ൠ (28) 

Dimensionless flux is  

 𝑞∗ = ׬ 2𝑟∗𝑤∗𝑑𝑟∗௛଴  (29) 

Substituting 𝑤∗ from (28) in (29) and solving, we get 
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𝑞∗ = 𝛼തଶ ൝ቀௗ௣ௗ௭ + ௦௜௡∅ி ቁ ቈ− ௛లସ଼ + 𝛼തଶ ቆ− ହ௛ఴଷ଴଻ଶ − ቀఓ௞ + 𝑀∗ቁ ቀ ି௛భబଶ଴ସ଼଴ቁቇ቉ − 𝐺௥∗ ൥𝑁௕∗(𝑁௕∗ − 𝑁௧∗)ቆ− ଻ଷ௛భమସସଶଷ଺଼଴ +
𝛼തଶ ൬−0.000001283676ℎଵସ − ቀఓ௞ + 𝑀∗ቁ (−0.00000003841188ℎଵ଺)൰ቇ − 𝑁௧∗(𝑁௕∗ − 𝑁௧∗)ቆ0.0000330958ℎଵଶ +
𝛼തଶ ൬0.0000056283ℎଵସ − ቀఓ௞ + 𝑀∗ቁ (0.00000377848ℎଵ଺)൰ቇ + (2𝑁௧∗ − 𝑁௕∗)൭− ଵ଻௛భబ଺ଵସସ଴ + 𝛼തଶ ቆ− ଵଽ௛భమ଼଼ସ଻ଷ଺ −ቀఓ௞ + 𝑀∗ቁ (−0.00000064184ℎଵସ)ቇ൱൩ − 𝐵௥∗ ൥− ே೟∗ே∗್ (𝑁௕∗ − 𝑁௧∗)൭− ଵ଻௛భబ଺ଵସସ଴ + 𝛼തଶ ቆ− ଵଽ௛భమ଼଼ସ଻ଷ଺ − ቀఓ௞ +
𝑀∗ቁ (−0.00000064184ℎଵସ)ቇ൱൩ൡ (30)

From equation (30), the expression for ௗ௣ௗ௭ is 

ௗ௣ௗ௭ = − ଵ஺భ 𝑞∗ + ஻భ஺భ (31)

Where 𝐴ଵ = 𝛼തଶ ቂ− ௛లସ଼ + 𝛼തଶ ቀ− ହ௛ఴଷ଴଻ଶ + ቀఓ௞ + 𝑀∗ቁ ௛భబଶ଴ସ଼଴ቁቃ 
and  

𝐵ଵ = 𝛼തଶ ൝௦௜௡∅ி ቈ− ௛లସ଼ + 𝛼തଶ ቆ− ହ௛ఴଷ଴଻ଶ + ቀఓ௞ + 𝑀∗ቁ ቀ ௛భబଶ଴ସ଼଴ቁቇ቉ − 𝐺௥∗ ൥𝑁௕∗(𝑁௕∗ − 𝑁௧∗)ቆ− ଻ଷ௛భమସସଶଷ଺଼଴ +
𝛼തଶ ൬−0.00000128ℎଵସ + ቀఓ௞ + 𝑀∗ቁ (0.0000000384ℎଵ଺)൰ቇ − 𝑁௧∗(𝑁௕∗ − 𝑁௧∗)ቆ0.000033ℎଵଶ +
𝛼തଶ ൬0.0000056ℎଵସ − ቀఓ௞ + 𝑀∗ቁ (0.00000378ℎଵ଺)൰ቇ + (2𝑁௧∗ − 𝑁௕∗)൭− ଵ଻௛భబ଺ଵସସ଴ + 𝛼തଶ ቆ− ଵଽ௛భమ଼଼ସ଻ଷ଺ + ቀఓ௞ +
𝑀∗ቁ (0.00000064184ℎଵସ)ቇ൱൩ − 𝐵௥∗ ൥− ே೟∗ே∗್ (𝑁௕∗ − 𝑁௧∗)൭− ଵ଻௛భబ଺ଵସସ଴ + 𝛼തଶ ቆ− ଵଽ௛భమ଼଼ସ଻ଷ଺ + ቀఓ௞ +
𝑀∗ቁ (0.00000064184ℎଵସ)ቇ൱൩ൡ  

Pressure drop over the wavelength is ∆p஛∗ = ׬− ௗ௣ௗ௭ 𝑑𝑧ଵ଴ (32)

By substituting  ௗ௣ௗ௭ from (31) in (32), we get ∆p஛∗ = 𝑞∗𝑆ଵ + 𝑆ଶ (33)

Here 𝑆ଵ = ׬− ଵ஺భ 𝑑𝑧ଵ଴ (34)

and 𝑆ଶ = ׬ ஻భ஺భ 𝑑𝑧ଵ଴ (35)

Time-averaged flux is 𝑄∗ = 1 + ఢ∗మଶ + 𝑞∗ (36)

By substituting (33) in (36), time-averaged flux is 

𝑄∗ = 1 + ఢ∗మଶ + ∆୮ಓ∗ௌభ − ௌమௌభ (37)

The dimensionless frictional force is given as  
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 𝐹∗ = ׬ ℎଶ ቀ− ௗ௣ௗ௭ቁଵ଴ 𝑑𝑧 (38) 

Mechanical efficiency is defined as 𝐸∗ = ୳ୱୣ୤୳୪ ୮୳୫୮୧୬୥ ୮୭୵ୣ୰ ୲୭୲ୟ୪ ୵୭୰୩ ୢ୭୬ୣ ୮ୣ୰ ୵ୟ୴ୣ୪ୣ୬୥୲୦  
 𝐸∗ = ∆୮ಓ∗ொ∗య್∗మఴ ∆୮ಓ∗ା׬ ׬ ೏೛೏೥൛௕∗௦௜௡ଶగ(௭ି௧∗)ି௕∗మ௦௜௡రగ(௭ି௧∗)ௗ௭ௗ௧∗ൟభబభబ  (39) 

Maximum flow rate is 

 𝑄଴∗ = 1 + ఢ∗మଶ + ׬ ಳభಲభௗ௭భబ׬ భಲభௗ௭భబ  (40) 

The reflux limit is 

 𝑄∗ < 1 + ఢ∗మଶ + ׬ ಳభಲభௗ௭భబ׬ భಲభௗ௭భబ  (41) 

 
Graphical Illustrations 

Semi analytical approaches are used to obtain expressions of concentration, temperature, reflux limit, mechanical 
efficiency, frictional force, pressure drop, velocity, and time-averaged flux. Figures in the following subsections display 
graphical findings of relevant parameters for 𝜎∗, 𝜃∗, 𝐸∗, ∆𝑝ఒ∗, 𝐹∗and reflux limit by using Mathematica. 

 
Pressure drop 

Figure (2) illustrates variation of absolute value of pressure drop for different values of 𝐺௥∗,𝐵௥∗,𝑁௕∗,𝜇, 𝑁௧∗,𝑀∗, 𝑘∗ 
compared to time-averaged flux (𝑄∗). Figures 2(a)-2(g) shows that rise in porosity (𝑘), and Brownian motion parameter (𝑁௕∗) results in an undesirable reaction in pressure drop (∆𝑝ఒ∗), whereas ∆𝑝ఒ∗ rises with larger magnitudes of magnetic 
parameter (𝑀∗), nanoparticle Grashof number (𝐵௥∗), thermophoresis parameter (𝑁௧∗), temperature Grashof number (𝐺௥∗), and dynamic viscosity (𝜇). 

  

Figure 2(a). Variations in Pressure drop for 𝑁௕∗ Figure 2(b). Variations in Pressure drop for 𝑁௧∗ 

  
Figure 2(c). Variations in Pressure drop for 𝐺௥∗ Figure 2(d). Variations in Pressure drop for 𝐵௥∗ 
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Figure 2(e). Variations in Pressure drop for 𝜇 Figure 2(f). Variations in Pressure drop for 𝑀∗ 

 
Figure 2(g). Variations in Pressure drop for 𝑘 

 
Frictional Force 

Figure 3(a)-3(g) shows how various parameters affect the frictional force (𝐹∗).  𝐹∗ upsurges with rise in 
thermophoresis (𝑁௧∗), temperature Grashof number (𝐺௥∗), nanoparticle Grashof number (𝐵௥∗), dynamic viscosity (𝜇), 
magnetic parameter (𝑀∗) but decreases with rise in porosity (𝑘), and Brownian motion (𝑁௕∗). 

  
Figure 3(a). Variations in Frictional force 𝐹∗ against 𝑁௕∗ Figure 3(b). Variations in Frictional force 𝐹∗ against 𝑁௧∗ 

  
Figure 3 (c) Variations in Frictional force 𝐹∗ against 𝐺௥∗ Figure 3 (d) Variations in Frictional force 𝐹∗ against 𝐵௥∗ 
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Figure 3(e). Variations in Frictional force 𝐹∗ against 𝜇 Figure 3(f). Variations in Frictional force 𝐹∗ against 𝑀∗ 

 
Figure 3(g). Variations in Frictional force 𝐹∗ against 𝑘 

 
Temperature Profile 

Figure (4) illustrates the variations of temperature (𝜃∗) for thermophoresis (𝑁௧∗) and Brownian motion (𝑁௕∗). 
Decrease in 𝑁௧∗ and 𝑁௕∗ causes a rise in temperature, which signifies the enhanced thermal diffusion resulting from 
intensified nanoparticle motion, which acts to homogenize the temperature field. 

  
Figure 4(a). Effect of 𝑁௕∗ on Temperature Figure 4(b). Effect of 𝑁௧∗ on Temperature 

 
Nanoparticle Phenomena 

Figure (5) shows that increasing the Brownian motion (𝑁௕∗) improves concentration, but increasing thermophoretic 
parameter (𝑁௧∗) decreases concentration significantly. 

  
Figure 5(a) Nanoparticle phenomenon against 𝑁௕∗ Figure 5(b) Nanoparticle phenomenon against 𝑁௧∗ 
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Figure 5(a) Nanoparticle phenomenon against 𝑁௕∗ Figure 5(b) Nanoparticle phenomenon against 𝑁௧∗ 

 
Mechanical Efficiency 

Figure (6 and 6.1), Variations in Mechanical efficiency 𝐸∗ are illustrated for different values of 𝜇,𝑁௕∗,𝑘,𝑁௧∗,𝐺௥∗,𝑀∗,𝐵௥∗ compared to amplitude (𝑏∗) and the ratio of averaged flow rate and maximum flow rate (𝑄∗ 𝑄଴∗⁄ ). Figures 6(a)-6(g), shows that rise in porosity 𝑘, nanoparticle Grashof number 𝐵௥∗, and Brownian motion 𝑁௕∗ 
results in an undesirable reaction in Mechanical efficiency(𝐸∗) whereas 𝐸∗ rises with larger magnitudes of magnetic 
parameter (𝑀∗), temperature Grashof number (𝐺௥∗), dynamic viscosity (𝜇), and thermophoresis parameter (𝑁௧∗). Figures 
6.1(a)-(g), show that 𝐸∗ upsurges with rise in nanoparticle Grashof number 𝐵௥∗, porosity 𝑘, and Brownian motion 𝑁௕∗ 
whereas 𝐸∗ reduces with increase in dynamic viscosity (𝜇), temperature Grashof number 𝐺௥∗, thermophoresis parameter 
(𝑁௧∗), and magnetic parameter (𝑀∗). 

  
Figure 6(a). Mechanical Efficiency vs amplitude for different 𝑁௕∗ Figure 6(b). Mechanical Efficiency vs amplitude for different 𝑁௧∗ 

  
Figure 6(c). Mechanical Efficiency vs amplitude for different 𝐺௥∗ Figure 6(d). Mechanical Efficiency vs amplitude for different 𝐵௥∗ 

  
Figure 6(e). Mechanical Efficiency vs amplitude for different 𝜇 Figure 6(f). Mechanical Efficiency vs amplitude for different 𝑀∗ 
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Figure 6(g). Mechanical Efficiency vs amplitude for different k 

  
Figure 6.1(a). Mechanical Efficiency vs 𝑄∗ 𝑄଴∗⁄  for different 𝑁௕∗ Figure 6.1(b). Mechanical Efficiency vs 𝑄∗ 𝑄଴∗⁄  for different 𝑁௧∗ 

  
Figure 6.1(c). Mechanical Efficiency vs 𝑄∗ 𝑄଴∗⁄  for different 𝐺௥∗ Figure 6.1(d). Mechanical Efficiency vs 𝑄∗ 𝑄଴∗⁄  for different 𝐵௥∗ 

  
Figure 6.1(e). Mechanical Efficiency vs 𝑄∗ 𝑄଴∗⁄  for different 𝜇 Figure 6.1(f). Mechanical Efficiency vs 𝑄∗ 𝑄଴∗⁄  for different 𝑀∗ 

 
Figure 6.1(g). Mechanical Efficiency vs 𝑄∗ 𝑄଴∗⁄  for different k 
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Reflux Limit 
Figure 7(a)-7(g) show that, with increase in nanoparticle Grashof number 𝐵௥∗, porosity 𝑘, temperature Grashof 

number 𝐺௥∗, and thermophoresis 𝑁௧∗  results in a significant increase in reflux flow rate whereas higher values of magnetic 
parameter 𝑀∗, Brownian motion 𝑁௕∗ and dynamic viscosity 𝜇 results in a reduction in reflux flow rate. 

  
Figure 7(a). Reflux limit against 𝑁௕∗ Figure 7(b). Reflux limit against 𝑁௧∗ 

  
Figure 7(c). Reflux limit against 𝐺௥∗ Figure 7(d). Reflux limit against 𝐵௥∗ 

  
Figure 7(e). Reflux limit against 𝜇 Figure 7(f). Reflux limit against 𝑀∗ 

 

Figure 7(g). Reflux limit against k 
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Comparing the result with previous study 

Magnetohydrodynamic effects on the peristaltic flow 
of couple stress fluid in an inclined tube with 
endoscope (previous study) 

Impact of Magnetic field on peristaltic transport of 
Nano-coupled stress fluid in an inclined porous tube 
(present study) 

  
Variations in Pressure drop for M Variations in Pressure drop for 𝑀∗ 

 
CONCLUSIONS 

Governing equations for an incompressible nano-coupled stress fluid passing through a circular tube under the influence 
of magnetic field in porous medium are modeled and used to simulate fluid flow in the tube. The study under consideration 
is crucial from a rheological standpoint, and it has applications in various scientific fields, including fluid flow simulation. 
This research focuses on how nanoparticle Grashof number (𝐵௥∗), porous medium (𝑘∗), magnetic parameter (𝑀∗), and 
temperature Grashof number (𝐺௥∗) affect net flow rate. The key conclusions of the present research are: 

• Thermophoresis (𝑁௧∗) and Brownian motion (𝑁௕∗)  decreases as temperature upsurges. 
• Increase in Brownian motion parameter 𝑁௕∗, increases concentration whereas it reduces with rise in thermophoresis 𝑁௧∗. 
• Decrease in porous medium parameter (𝑘∗) and Brownian motion (𝑁௕∗)  increases pressure-drop, but increasing 

thermophoresis (𝑁௧∗) and magnetic parameter (𝑀∗) significantly increases pressure drop. 
• Frictional force (𝐹∗) upsurges as magnetic parameter (𝑀∗) and thermophoretic parameter (𝑁௧∗) increases, whereas 𝐹∗ reduces with rise in porous medium parameter (𝑘∗) and Brownian motion (𝑁௕∗).  
• An elevation in the thermophoresis parameter 𝑁௧∗, nanoparticle Grashof number 𝐵௥∗, porosity 𝑘, and temperature 

Grashof number 𝐺௥∗ substantially augments the reflux flow rate which promote fluid movement by enhancing thermal 
convection, reducing viscous drag, and allowing freer passage through the porous medium. Elevated values of 𝜇, 𝑀∗, and 𝑁௕∗ leads to decrease in reflux limit. 

• An increase in 𝐵௥∗, 𝑁௕∗, and 𝑘 leads to decrease in mechanical efficiency. This behavior suggests that enhanced 
nanoparticle diffusion, elevated viscous dissipation, and increased permeability introduce greater resistance and 
energy loss within the system. Conversely, higher values of the temperature Grashof number (𝐺௥∗), thermophoresis 
parameter (𝑁௧∗), dynamic viscosity (𝜇), and magnetic parameter (𝑀∗) are associated with an improvement in 
mechanical efficiency. These parameters appear to promote more stable and directed fluid motion, potentially due 
to stronger thermal gradients, buoyancy effects, and controlled stress fields that enhance flow alignment. 

• Interestingly, mechanical efficiency 𝐸∗ expressed exclusively in terms of the flow rate ratio (𝑄∗ 𝑄଴∗⁄ ) reveals an 
opposite trend in certain cases i.e., increasing 𝑁௕∗, 𝐵௥∗, and 𝑘 results in enhanced mechanical efficiency and in 
contrast, larger values of 𝑁௧∗, 𝐺௥∗, 𝜇 and 𝑀∗ lead to a decrease in mechanical efficiency under the same flow 
conditions. This indicates that, depending on the operating regime, excessive thermophoretic effects, strong 
magnetic field interactions may suppress efficient energy transport within the system. Changing porosity or 
nanoparticle Grashof number can change time-averaged flow by affecting buoyancy-driven convection and also 
change frictional dissipation by adjusting viscosity. If the modification increases flux more than dissipation then 𝐸∗ 
increases otherwise it reduces. 

• When 𝑁௕∗ = 0,𝑁௧∗ = 0,𝑀∗ = 0, 𝑘 = 0, the velocity or pressure relations can be reduced to long wavelength solution. 
Increasing the MHD parameter (𝑀∗) reduces reflux and stabilizes pumping. Moderate levels of the thermophoresis 
parameter (𝑁௧∗) implies good nanoparticle distribution while preventing excessive energy loss. The inclination angle 
can be optimized to reduce reflux in biomedical devices or systems. 
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ВПЛИВ МАГНІТНОГО ПОЛЯ НА ПЕРИСТАЛЬТИЧНИЙ ТРАНСПОРТ НАНОРІДИНИ З НАПРУЖЕННЯМИ 

У ПОХИЛІЙ ПОРИСТІЙ ТРУБЦІ 
М.П. Молімол1,2, К. Маруті Прасад1, Н. Субадра2 

1Кафедра математики, школа природничих наук, GITAM (Вважається університетом), Хайдерабад, Телангана, Індія -502329 
2Кафедра математики, інженерно-технологічний коледж Гітанджалі, Район Медчал, Хайдерабад, Телангана, Індія -501301 
Це дослідження пропонує теоретичне дослідження перистальтичного транспорту нанорідини з напруженнями під впливом 
магнітного поля в похилій пористій трубці. З низьким числом Рейнольдса, наближеннями довгих хвиль, використовуються 
відповідні аналітичні методи для дослідження швидкості рідини, сили тертя, усередненого за часом потоку, явищ 
наночастинок, перепаду тиску та профілю температури. Досліджено вплив різних фізичних параметрів, включаючи параметр 
термофорезу, параметр броунівського руху, локальне число Грасгофа для наночастинок та локальне число Грасгофа для 
температури, на характеристики сили тертя та перепаду тиску. Графіки використовуються для ілюстрації виразів для перепаду 
тиску, швидкості, явищ, пов'язаних з наночастинками, температурного профілю та сили тертя. 
Ключові слова: параметр термофорезу; перистальтика; параметр броунівського руху; наночастинки; магнітне поле; 
рідина з парним напруженням; пористе середовище 


