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ABSTRACT 

The peristaltic motion of a couple stress fluid permeated with suspended particles through a two-

dimensional flexible channel under long wavelength approximation with heat transfer is studied. A 

perturbation method of solution is obtained in terms of wall slope parameter and closed form of 

expressions has been derived for axial velocity and transverse velocity in fluid phase and particle 

phase. The expression heat transfer has been computed numerically using mathematics software 

Mathematica. The graphical results have been presented to discuss the physical behaviour of various 

physical parameters on geometric parameter, Prandtl number and Couple stress parameter. The 

variation of heat transfer with Prandtl number shows that the heat transfer coefficient experiences a 

depreciation with Prandtl number the depreciation on the boundary at y = 1 is appreciably large. 

Keywords: Peristaltic motion, Couple stress fluid, suspended particles, Heat transfer. 

1. INTRODUCTION 

The effects of heat transfer on peristaltic transport of particle-suspended couple stress fluids have been 

extensively studied across various research domains, including biomedical applications and 

microfluidic systems. Vidhya et al. (2015) analyzed the impact of thermal gradients on the MHD 

peristaltic flow of couple stress fluids and found that Grashof number and heat source parameters 

significantly influence pressure rise and friction forces, particularly in applications involving 

biological flows. Similarly, Prasad et al. (2017) investigated the role of nanoparticles in peristaltic 

transport, where Brownian motion and thermophoresis altered temperature profiles and particle 

distribution, emphasizing the enhancement of heat transfer in microfluidic devices. Bhatti et al. (2017) 

contributed significantly by examining the interaction between heat transfer and suspended particles 

in couple stress fluids, revealing that suspended particles modify the temperature distribution and flow 

characteristics, affecting heat exchange efficiency. Ramesh and Devakar (2015) explored MHD 

effects in peristaltic flows, highlighting the Hartmann number as a key factor in determining the 

thermal and fluid flow behavior, particularly in biofluid applications. Maiti and Misra (2012) provided 

foundational insights into the dynamics of couple stress fluids, showing how particle interactions 

influence both temperature gradients and flow characteristics in physiological contexts. Ellahi et al. 

(2018) further extended this work by incorporating the effects of magnetic fields and thermal 

gradients, demonstrating their combined influence on heat transport in peristaltic systems. The studies 

by Bhatti and Ellahi (2021) focused on nanoparticle-laden couple stress fluids, highlighting the crucial 

role of particle size and thermal conductivity in enhancing heat transfer efficiency in biomedical 

devices. Ahmed et al. (2016) contributed by studying the peristaltic motion of blood flow in a couple 

stress fluid model, showing how temperature changes affect the pulsatile flow in arterial models. 

Ghosh and Roy (2017) investigated fluid-particle interactions in microfluidic channels, noting that 

heat and mass transfer effects become more pronounced in confined spaces, leading to changes in 
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particle distribution and flow resistance. Lastly, Raju et al. (2019) examined the thermal conductivity 

of suspended particle systems, showing that particle concentration plays a significant role in thermal 

regulation within peristaltic transport systems, thereby optimizing energy exchange and fluid 

efficiency in lab-on-a-chip technologies. These studies collectively emphasize the importance of 

integrating thermal dynamics with particle transport for improved fluid flow and heat transfer in 

applications ranging from drug delivery systems to biomedical flow diagnostics. 

Significance of the work 

In this work, to understanding the complex dynamics of peristaltic transport in couple stress fluids 

with suspended particles under heat transfer effects. By providing a detailed analysis of how key 

parameters, such as the Prandtl number and couple stress, influence flow behavior and heat transfer, 

this study enhances the design and optimization of microfluidic systems and biomedical applications. 

The findings offer valuable insights for applications in drug delivery, biofluid transport, and heat 

management in small-scale systems 

2.Methodology 

The methodology of this study involves deriving closed-form expressions for axial and transverse 

velocities in both the fluid and particle phases under the long wavelength approximation. A 

perturbation method is employed, considering the wall slope parameter to solve the peristaltic flow 

problem. Heat transfer effects are analyzed numerically using Mathematica, with results presented 

graphically to examine the influence of physical parameters such as the Prandtl number, couple stress 

parameter, and geometric parameters. The approach provides insights into the thermal behavior and 

flow characteristics of particle-suspended couple stress fluid. 

3. FORMULATION OF THE PROBLEM 

We consider a peristaltic flow of a dusty viscous incompressible couple stress fluid through a two-

dimensional channel bounded by flexible walls. 

The geometry of the flexible walls is represented by  

2 
y (x, t) d a Sin (x -ct)


   


                                                                                                          (1) 

Where‘d’ is the mean half width of the channel ‘ a ’ is the amplitude of the peristaltic wave, ‘ c ’ is the 

wave velocity, ‘ λ ’ is the wave length and ‘c’ is the phase speed of the wave. 

The equations governing the two-dimensional flow of a dusty viscous in compressible couple stress 

fluid in fluid phase are 
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The equations governing the two-dimensional flow of a dusty viscous in compressible couple 

stress fluid in particle phase are 
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Equation of energy  
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Where ‘p’ is the fluid pressure, ‘ ρ ’ is the density of the fluid, µ is the coefficient of viscosity, m is the 

mass of the dust particle, Nis the number density of the particles, k is the stokes resistance coefficient. 

The particles are assumed to be uniform in size and uniformly distributed in the fluid so that N 

remains constant. 

The relative boundary conditions are  

u 0             at             y  η                                                                                                              (10)  
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Introducing a wave frame (x, y) moving with velocity c away from the fixed frame (X,Y) by the 

transformation  
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Substituting (14) in (3), (4), (5) and (7), (8) and (9) these equations reduce to (after dropping primes)
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The boundary conditions are                                               
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4.  METHOD OF SOLUTION 

 We seek perturbation solution for the following functions in terms of small parameter δ  as 

follows:  
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Solving the equations (15 -21) subject to the conditions (22-24), we get  
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The heat transfer coefficient in terms of wall slope parameter ‘δ’ is 
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5. RESULTS AND DISCUSSION 

In this analysis we investigate the effect of various governing parameters R, , , α, γ, pr and S, on 

Heat transfer in the fluid phase and the particle phase. 

            Figs.(1-7) represent heat transfer coefficient z characteristics in fluid phase. Fig.(1) represents 

the variation of heat transfer z with Reynolds number R, we find that an increase in the Reynolds 

number R leads to a depreciation in the heat transfer coefficient z. The depreciation in z with R 

increases with increase in R. The variation of z with Ratio of specific heats γ, reveals that the 

depreciation in z is very marginal with the increase in γ in the flow region Fig.(2). In Fig.(3) we find 

that an increase in Dust concentration parameter α reduces z in entire flow region, the depreciation in 

z with α is almost negligible on the central line y = 0 and it is appreciable as we move towards the 

boundary y = 1. The variation of z with Prandtl number pr shows that the heat transfer coefficient 

experiences a depreciation with pr , the depreciation on the boundary at y = 1 is appreciably large in 

Fig(4). The effect of amplitude ratio ε on the coefficient of Heat transfer is shown in Fig.(5).The 

variation in z with different  ε is almost linear as we move from the central line y = 0 to the boundary 

y =1,the heat transfer coefficient z experiences with ε in the entire flow region. The effect of slope 

parameter δ on z is exhibited in Fig.(6). The profiles of z with δ shows that the value of z gradually 

reduces as we move from the central line y = 0 to y = 1.0. An increase in δ leads to an enhancement in 

z. fig.(6.7) represent the variation of z with S, we find that the values S ≤ 2 the heat transfer 

coefficient z reduces as we move from the central line to the boundary, while for S ≥ 3, it enhances 

enhancement with Couple stress parameter S. 
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Fig.1-Effect of the Reynolds number R on Z for 

γ = 1, α = 1, ε = 0.01, = 0.01, , S =1, Pr = 1  
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Fig.2-Effect of the Coefficient of Specific heats γon Z for  

R = 1, α = 1, ε = 0.01, = 0.01, S =1, Pr = 1 
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Fig.3- Effect of the Dust Concentration parameter αon Z for  

R = 1, γ = 1, ε = 0.01, = 0.01, S =1, Pr = 1 
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 Fig.4- Effect of Prandtl number pr on Z for  

R = 1, γ = 1, ε = 0.01, = 0.01, S =1, α = 1 
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Fig.5- Effect of amplitude ratio ε on Z for  

R = 1, γ = 1, Pr = 1, = 0.01, S =1, α = 1 
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Fig.6- effect of slope parameter δ on Z for  

R = 1, γ = 1, Pr = 1, ε= 0.01, S =1, α = 1 
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Fig.7- Effect of Couple stress parameter S on Z for  

R = 1, γ = 1, Pr = 1, = 0.01, = 0.01, α = 1 

From Figs. (8-14) represents the variation of heat transfer coefficient z* with R,, , α, γ, pr and S in 

the particle phase. From figs (8-14) we find that the heat transfer coefficient z* in the particle phase 

reduces gradually as we move from the central line y = 0 to boundary y = 1. An increase in the 

Reynolds number R results in a depreciation in z*.Fig(8)The depreciation in z* with R is marginal at 

the central line y = 0 and is appreciably large at y = 1. Fig.(9)The variation of transfer coefficient z* 

with Ratio of specific heats γ reveals that z* experiences marginal enhancement with increase in γ. 

From Fig.(10) the variation of z*with Dust concentration parameter α shows that the depreciation in 

z* is marginal in the central line and appreciable at y = 0. From Fig.(11) the variation of heat transfer 

coefficient z* with Prandtl number Pr , we find that as we move from central line y = 0 to y =1 heat 

transfer coefficient z* gradually reduces and it depreciates with increase in Pr. Fig.(12) the variation 

of z* with amplitude ratio , shows that z* is almost linear with any value of , as we move from y = 0 

to y = 1,also it experiences an enhancement with increase in . Fig.(13) represent the variation of z* 

with slope parameter , it is found that higher the slope  of the boundary layer the heat transfer 

coefficient z*. Fig.(14) The variation of heat transfer coefficient z* with couple stress parameter S 

shows that for S ≤ 2, z* decreases gradually from y = 0 to y =1 and for higher S ≥ 3, it enhances as we 

move the central line to the boundary also higher the couple stress parameter S larger the heat transfer 

coefficient z*. 
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Fig.8-Effect of the Reynolds number R on z*  for 

γ = 1, α = 1, ε = 0.01, = 0.01, , S =1, Pr = 1  
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Fig.9-Effect of the Coefficient of Specific heats γon z*  for  

R = 1, α = 1, ε = 0.01, = 0.01, S =1, Pr = 1 
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Fig.10- Effect of the Dust Concentration parameter αon z*  for  

R = 1, γ = 1, ε = 0.01, = 0.01, S =1, Pr = 1 
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Fig.11- Effect of Prandtl number pr on z*  for  

R = 1, γ = 1, ε = 0.01, = 0.01, S =1, α = 1 
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Fig.12- Effect of amplitude ratio ε on z* for  

R = 1, γ = 1, Pr = 1, = 0.01, S =1, α = 1 
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Fig.13-effect of slope parameter δ on z* for  

R = 1, γ = 1, Pr = 1, ε= 0.01, S =1, α = 1 
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Fig.14- Effect of Couple stress parameter S on z* for  

R = 1, γ = 1, Pr = 1, = 0.01, = 0.01, α = 1 
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6. CONCLUSION 

In conclusion, this study highlights the significant impact of heat transfer on the peristaltic transport 

of particle-suspended couple stress fluids. The results demonstrate that the Prandtl number and couple 

stress parameters notably influence the heat transfer behavior, with an observed decrease in heat 

transfer efficiency as the Prandtl number increases. Additionally, the boundary effects at y = 1 show 

considerable changes in the heat transfer coefficient. These findings provide valuable insights for 

optimizing systems involving peristaltic flows, such as biomedical devices and microfluidic 

applications, where efficient thermal management is essential. Further research could explore the 

effects of varying fluid properties, such as viscosity and thermal conductivity, in more complex 

geometries or under different flow regimes. Expanding the study to include more realistic particle 

behaviors, such as size distribution and aggregation, could also enhance the applicability of the results 

to real-world scenarios in biofluid transport and microfluidic devices. 
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