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Abstract 

This study explores how thermophoresis and Brownian motion influence the heat and mass 

transfer behavior of a Casson nanofluid moving through a two-dimensional channel driven by 

peristaltic waves. By transforming the governing equations for momentum, energy, and nano-

particle concentration into dimensionless form and solving them numerically using the Fourth 

Order Runge Kutta Method (RKM4), an examination on how key parameters such as the Casson 

fluid parameter, Brownian motion, thermophoresis, and the Prandtl number affect velocity, 

temperature, and concentration profiles was carried out in this work. The findings of the analysis 

reveals that thermophoresis pushes nanoparticles away from heated surfaces, increasing both 

temperature and concentration within the channel, while Brownian motion enhances these effects 

through intensified particle diffusion. A higher Casson parameter reduces velocity due to greater 

fluid resistance, and the combined action of thermophoresis and Brownian forces strongly shapes 

overall heat and mass transfer. The study highlights the importance of considering non-

Newtonian properties and nanoparticle dynamics when modeling peristaltic systems, with 

implications for thermal management, biomedical device design, and drug delivery applications. 

 

Keywords: Thermophoresis, Brownian motion, Non-Newtonian fluid, Casson nanofluid, 

Peristaltic wave. 

 

1. Introduction 

Casson nanofluids have become outstandingly important because they blend the unique, non-

Newtonian behavior of Casson fluids with the enhanced thermal and transport properties of 

nanoparticles, thereby creating materials that flow efficiently while conducting heat far better 

than conventional fluids. Their ability to adapt to complex flow conditions makes them valuable 

in a wide range of modern applications, including biomedical processes like blood-mimicking 
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fluids for targeted drug delivery, advanced cooling systems for electronics and renewable energy 

devices, industrial coating and printing technologies, and enhanced oil recovery. By improving 

heat transfer, reducing energy consumption, and enabling more precise control in sensitive 

systems, Casson nanofluids continue to play a key role in both technological innovation and 

practical engineering solutions [1-3]. 

 

The flow of a Casson nanofluid through a channel driven by a peristaltic wave combines the 

complex behavior of a yield-stress fluid with the rhythmic, wave-like motion of the channel 

walls. Because a Casson fluid resists deformation until a certain stress threshold is reached, the 

peristaltic wave plays a key role in generating enough pressure to initiate and sustain motion. As 

the wave propagates along the channel, it creates alternating regions of contraction and 

expansion that push the nanofluid forward, while the suspended nanoparticles enhance heat and 

mass transport. This interaction leads to distinctive velocity profiles, reduced flow reversal, and 

unique pressure–flow relationships that differ significantly from those of Newtonian or simple 

non-Newtonian fluids [4]. Javed et al. [5] carried out a numerical study on the peristaltic motion 

of Casson fluid in a channel while accounting for moderate, non-zero Reynolds numbers and 

magnetic field effects. Using a stream–vorticity finite-element formulation, the authors solved 

the governing equations and presented results through streamline and vorticity contours, velocity 

profiles, and pressure distributions. Their findings showed that both Reynolds and Hartmann 

numbers intensify flow circulation, while longitudinal velocity increases with the Casson 

parameter but decreases under stronger magnetic fields. The authors also compared their results 

with existing results in literatures and reported close agreement. Abbas et al. [6] examined 

peristaltic transport of Casson fluid in an inclined, non-uniform tube with emphasis on heat and 

mass transfer, including slip effects, wall properties, and the Soret and Dufour numbers. By 

assuming long wavelengths and low Reynolds numbers, they simplified the governing equations 

and derived analytical solutions, which were later validated using numerical solvers such as 

MATLAB’s bvp4c and finite-element methods. Their analysis showed that increasing the Casson 

parameter enhances the velocity profile, while temperature rises with greater thermal slip and 

source/sink effects, highlighting the strong coupling between peristaltic motion and thermal 

transport. 

 

Thermophoresis and Brownian motion play vital roles in shaping how Casson nanofluids behave, 

especially in engineering systems where heat transfer and flow control matter. Brownian motion 

which is the random movement of nanoparticles, tends to enhance thermal conductivity by 

improving microscopic mixing, which can boost the efficiency of cooling technologies like 

microchannel heat sinks or biomedical thermal devices. Thermophoresis, on the other hand, 

drives nanoparticles from hotter regions toward cooler ones, thereby influencing particle 

distribution and potentially altering viscosity and heat transfer rates in systems that rely on 

precise temperature management. In Casson fluids, which already exhibit yield-stress behavior, 

these particle movements can significantly affect stability, flow resistance, and overall 

performance, making them essential considerations in designing advanced thermal systems and 

smart fluid technologies [7]. Reddy et al., [8] investigated how Brownian motion and 
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thermophoresis influence heat and mass transfer in a nanofluid flowing over a horizontal circular 

cylinder. Their work considered a magnetohydrodynamic (MHD) boundary layer within a porous 

medium and employed a robust, optimized finite element method to solve the transformed 

momentum, temperature, and concentration equations. The study closely examine the effect of 

key non-dimensional parameters, such as the magnetic parameter, thermophoresis parameter, 

Brownian motion parameter, tangential coordinate, and Lewis number, on the velocity, 

temperature, and concentration distributions. Graphical and tabulated results showed that 

increasing the thermophoresis parameter enlarges both thermal and concentration boundary 

layers, while higher Brownian motion parameter values enhance heat and mass transfer rates. On 

the other hand, Ramya et al., [9] conducted a numerical study exploring how thermophoresis and 

Brownian motion affect a Casson ternary hybrid nanofluid flowing over a horizontally stretching 

surface populated with gyrotactic microorganisms. Their results demonstrated that 

thermophoresis improved fluid motion and heat transfer, whereas Brownian motion slightly 

reduced velocity but increased particle concentration. The numerical solutions revealed that 

higher microorganism density elevates the Sherwood number, indicating intensified mass 

transfer, while reducing concentration levels. It was also recorded in the study that increased 

stretching rates boosted the Nusselt number, signaling more efficient heat transport. 

Additionally, stronger magnetic fields raised temperature profiles but suppressed velocity, 

concentration, and microorganism density. Summarily, the study highlighted the superior 

thermal performance of Casson ternary hybrid nanofluids under these combined physical effects. 

 

Embarking on the present study is crucial because these microscale diffusion mechanisms 

significantly influence heat and mass transfer behaviors in complex biological and industrial 

systems. Additionally, comprehending how particle migration and non-Newtonian fluid 

characteristics interact under peristaltic wave can improve the design and optimization of 

biomedical devices such as drug-delivery pumps, microfluidic systems, and artificial organs, 

where precise control of fluid behavior is critical. Moreover, this study aid to refine theoretical 

models that predict real-world transport phenomena, enabling engineers and scientists to enhance 

efficiency, stability, and performance in thermal management and technologies whose 

functionality anchors on the usage of nanofluids. 

 

2. Mathematical Model Formulation  

This study examines the peristaltic flow of a radiative Casson nanofluid within a two-

dimensional channel that is filled with porous medium under the influence of magnetic field and 

heat source. A stationary Cartesian coordinate system (x,y) is adopted, where x-axis represents 

the axial direction along the channel and y-axis denotes the direction perpendicular to it as 

revealed in Figure 1. The channel walls, denoted by 1H  and 2H , are maintained at constant 

temperatures oT 1T and, respectively. The fluid velocity components in the horizontal and vertical 

directions are represented by U and V. A strong transverse magnetic field of constant magnitude 

field strength  is applied, and both Hall and Joule heating effects are incorporated into the 

analysis. The induced magnetic field is neglected due to the assumption of a low magnetic 
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Reynolds number, and the influence of an external electric field is also disregarded. Based on the 

formulation presented by the authors [10-11], the governing equations for the flow are expressed 

as follows: 

 

Continuity equation 
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Concentration energy 
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Figure 1: Schematic diagram of the problem 

  

with the appropriate boundary conditions: 
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Where U and V represents the dimensional velocities along the horizontal and vertical 

component respectively, x and y denotes the axial and normal coordinates to the channel 

respectively,   is the kinematic viscosity of the fluid,   is the Casson parameter,   is the 

thermal conductivity,   is the fluids density, pC  is the specific heat capacity at constant 

pressure, oB  is the magnetic field strength,   is the electrical conductivity, rq  is the radiative 

heat flux, T is the fluids temperature, T  is the ambient temperature, U  is the ambient velocity, 

K is the permeability, C is the nanoparticles concentration,  C  is the ambient concentration,   

is the shear stress,  BD  is the Brownian motion diffusion coefficient, TD  is the thermophoresis 

diffusion coefficient. By Rosseland approximation, the expression for the radiative heat flux 

according to the authors in [12] is given as, 
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It is assumed that the temperature variances inside the flow are such that the term 4T can be 

represented as a linear function of temperature. This is accomplished by expanding 4T  in a 

Taylor series about a free stream of temperature T
 as follows, 
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Neglecting higher order terms in equation (7) beyond the first degree gives, 
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Substituting equation (8) into equation (6) gives  
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Transforming the dimensional equations in (1) – (5) via the utilization of the similarity variables 

and stream function in (10) gives the dimensionless momentum equation, energy equation, 

concentration equation with the boundary conditions as (11), (12), (13) and (14) respectively. 
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Where N is the radiation parameter,   is the porous medium parameter, M  is the magnetic 

parameter, Bi  is the Biot number, Nt  is the thermophoresis parameter, Nb  is the Brownian 

motion parameter, Sc  is the Schmidt number, Pr  is the Prandti number, Ec  is the Eckert 

number,   is the heat source parameter,  and  is the Casson parameter. 

 

3. Method of Solution 

The dimensionless equations (11) to (13), subject to the boundary conditions in (14) is solved 

using the Runge Kutta Fourth Order Method as employed in the work of the authors [13].  

Consider the initial value problem of the form. 
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To solve equation (15) by the utilization of Runge Kutta Method Fourth Order, the formula to be 

employed is given as 
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Where h is the step length? 

 

4. Discussion of Results 

In this study, we present graphically and discuss extensively the influence of varying flow 

parameters on velocity, temperature and concentration profile. 

Enhancing the Schmidt number 0.1,0.3,0.5,0.7Sc results to a decline in the velocity of the 

fluid as revealed in Figure 2. A rise in the Schmidt number, which represents the ratio of 

momentum diffusivity to mass diffusivity, means that the fluid's momentum diffuses more 

quickly relative to mass diffusion. For a Casson nanofluid which is a non-Newtonian fluid with 
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yield stress and suspended nanoparticles, an increase in Schmidt number tends to reduce the 

velocity because the fluid resists changes in concentration more strongly, leading to a thicker 

concentration boundary layer and enhanced viscous effects. This results in slower fluid motion as 

momentum transfer dominates over mass transfer. From an engineering perspective, 

understanding this behavior is crucial when designing systems like heat exchangers, biomedical 

devices, or industrial mixers where precise control over flow and mass transfer is required, 

ensuring efficiency and performance are maintained despite changes in fluid properties. Figure 3 

demonstrates that raising the Eckert number 0.2,0.4,0.6,0.8Ec  results into an enhancement in 

the velocity of the fluid.  An increase in the Eckert number, which represents the ratio of kinetic 

energy to enthalpy difference, typically leads to a rise in the velocity of a Casson nanofluid. This 

happens because higher Eckert numbers indicate stronger viscous dissipation, which in turn 

generates more thermal energy within the fluid. In a Casson fluid, which behaves like a shear-

thinning fluid with a yield stress, this added thermal energy reduces the fluid’s effective 

viscosity, making it easier to flow and thus increasing its velocity. From an engineering 

perspective, this has important implications in systems like microfluidic devices or thermal 

management in  

 

 

Fig. 2. Effect of Sc  on velocity profile                Fig. 3. Effect of Ec  on velocity profile 

 

electronics, where precise control of fluid flow and heat transfer is critical. By managing the 

Eckert number, engineers can optimize fluid speed and thermal behavior to enhance efficiency 

and performance.  

 

Figure 4 demonstrates that a rise in Prandti number Pr 0.1,0.3,0.5,0.7 causes a decline in the 

velocity of the fluid. A rise in the Prandtl number, which represents the ratio of momentum 

diffusivity to thermal diffusivity, generally leads to a decrease in the velocity of a Casson 

nanofluid. This occurs because higher Prandtl numbers indicate lower thermal conductivity, 
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causing the fluid to retain heat more effectively and reduce the rate of thermal diffusion. As a 

result, the fluid becomes more resistant to flow under thermal gradients, slowing its motion. In 

engineering applications, this behavior is significant in thermal insulation systems or processes 

where controlling the rate of heat transfer is essential, such as in polymer processing or thermal 

barrier coatings, where slower-moving fluids help maintain temperature stability. Figure 5 shows 

that increasing the Brownian motion parameter 0.2,0.4,0.6,0.8Nb  causes a jump in the  

 

                        

      Fig. 4. Effect of Pr  on velocity profile                  Fig. 5. Effect of Nb  on velocity profile 

 

velocity of the fluid. An increase in the Brownian motion parameter enhances the random 

movement of nanoparticles within a Casson nanofluid, which leads to greater momentum 

transfer at the microscopic level. This typically results in an increase in the overall velocity of 

the nanofluid, as the enhanced particle diffusion reduces viscous resistance and promotes fluid 

mixing. From an engineering perspective, this implies improved thermal and fluid transport 

characteristics, which can be advantageous in applications like microfluidic cooling systems, 

drug delivery, and energy systems where efficient heat and mass transfer are critical. A rise in 

radiation parameter 0.3,0.6,0.9,1.2N   leads to a rise in the velocity of the fluid flowing in the 

channel as demonstrated in figure 6. An increase in the radiation parameter typically leads to a 

rise in the velocity of a Casson nanofluid. This is because higher thermal radiation enhances the 

thermal energy within the fluid, reducing its viscosity and promoting greater molecular motion, 

which in turn facilitates faster flow. In engineering, this effect is particularly important in 

thermal management systems, such as in cooling technologies for electronic devices or in solar 

energy collectors. By understanding how radiation influences temperature is critical. Figure 7 

shows that an increase in thermophoresis parameter 0.2,0.4,0.6,0.8Nt   results to a decline in 

the fluid's velocity. An increase in the thermophoresis parameter in a Casson nanofluid typically 

leads to a decrease in the fluid's velocity. Thermophoresis refers to the movement of 

nanoparticles from hotter to cooler regions, driven by temperature gradients. As this effect 

intensifies, more nanoparticles migrate away from the heated surface, causing an accumulation in  
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      Fig. 6. Effect of N  on velocity profile                 Fig. 7. Effect of Nt  on velocity profile 

   

cooler regions. This redistribution alters the local viscosity and thermal conductivity, often 

thickening the boundary layer and increasing resistance to flow, thus reducing velocity. From an 

engineering perspective, this has important implications in thermal management systems, such as 

in cooling of electronic devices or in biomedical applications, where precise control of heat and 

nanoparticle distribution is critical for maintaining efficiency and preventing overheating. Figure 

8 shows that a rise in magnetic parameter 0,0.25,0.5,0.75M   leads to a decline in the velocity 

of the fluid. An increase in the magnetic parameter (often referred to as the Hartmann number) 

generally leads to a decrease in the velocity of a Casson nanofluid flowing through a channel. 

This occurs because the magnetic field introduces a Lorentz force that acts in opposition to the 

fluid motion, effectively damping the flow and increasing resistance. The stronger the magnetic 

field, the greater this resistive force, resulting in slower fluid movement. This effect is 

particularly relevant in electrically conducting fluids, where magnetic control is used to regulate 

flow characteristics. One practical engineering application of this phenomenon is in the cooling 

systems of nuclear reactors, where magnetohydrodynamic (MHD) control is used to manage the 

flow of nanofluids that serve as efficient coolants, ensuring safe and stable reactor operation. An 

increase in Casson parameter 0.5,1.0,1.5,2.0  reduces the velocity of the fluid as shown in 

Figure 9. An increase in the Casson parameter, which characterizes the fluid's yield stress 

behavior, leads to a decrease in the velocity of a Casson nanofluid. Physically, a higher Casson  
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Fig. 8. Effect of M  on velocity profile                    Fig. 9. Effect of   on velocity profile 

 

parameter indicates that the fluid behaves more like a solid and requires greater force to initiate 

flow. As this parameter rises, the fluid’s resistance to deformation increases, resulting in a 

thicker momentum boundary layer and reduced flow velocity. In engineering applications, this 

behavior is especially relevant in industries involving non-Newtonian fluids such as blood 

analogs, paints, or polymer solutions. For example, in biomedical engineering, understanding 

how blood flow (which behaves like a Casson fluid) slows down under certain conditions can aid 

in designing medical devices like stents or artificial heart valves to ensure optimal flow and 

minimize risks of clotting. Figure 10 reveals that a rise in radiation parameter 0.3,0.6,0.9,1.2N   

leads to a rise in the temperature of the Casson nanofluid. An increase in the thermal radiation 

parameter enhances the temperature of a Casson nanofluid because it intensifies the radiative 

heat flux within the fluid. As radiation becomes more significant, it acts as an additional mode of 

heat transfer, raising the overall thermal energy distributed throughout the fluid. This effect is 

especially pronounced in nanofluids, which already possess high thermal conductivity due to the 

presence of nanoparticles. From an engineering perspective, this can be advantageous in 

applications like thermal energy storage systems or high-efficiency cooling in electronics, where 

maintaining elevated and uniform temperatures improves performance. However, it may also 

necessitate improved thermal management to prevent overheating in sensitive components. 

 

Figure 11 reveals that an enhancement in the Eckert number 0.2,0.4,0.6,0.8Ec resulted into an 

enhancement in the temperature of the Casson nanofluid.   As the Eckert number rises, it 

indicates that the kinetic energy of the fluid flow is being converted into internal energy, which 

increases the temperature of the Casson nanofluid. This happens because higher viscous 

dissipation generates more heat within the fluid, raising its thermal energy. From an engineering 

perspective, this means that in applications involving high-speed or high-viscosity flows of 

Casson nanofluids—like in cooling systems or lubricants—engineers must carefully manage the 

heat buildup to avoid overheating, which could affect performance or cause material degradation. 
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Proper design might involve enhanced cooling strategies or selecting nanofluid compositions that 

handle the extra thermal load efficiently. Figure 12 shows that a rise in magnetic 

parameter 0,0.25,0.5,0.75M   leads to a rise in the temperature of the Casson nanofluid. An 

increase in the magnetic parameter, which represents the influence of an applied magnetic field, 

typically leads to a rise in the temperature of a Casson nanofluid due to enhanced resistive 

(Joule) heating. The magnetic field creates a Lorentz force that opposes fluid motion, increasing 

viscous dissipation and converting more kinetic energy into thermal energy. This elevates the 

fluid's temperature, particularly near the boundary layer. From an engineering perspective, this 

behavior is crucial in applications like thermal management in electronic systems or 

magnetohydrodynamic (MHD) pumps, where precise temperature control is essential. 

Understanding this effect allows engineers to fine-tune magnetic fields to optimize heat transfer 

or maintain operational safety in systems utilizing non-Newtonian nanofluids. An increase in 

Casson parameter 0.5,1.0,1.5,2.0   increases the temperature of the Casson fluid, as shown in 

Figure 13. An increase in the Casson parameter indicates a stronger yield stress in the nanofluid, 

meaning the fluid resists flow more significantly before it starts moving. This increased 

resistance slows down the fluid motion, reducing the overall convective heat transfer within the 

system. As a result, the temperature of the Casson nanofluid tends to rise, especially in regions 

close to heat sources. From an engineering standpoint, this behavior implies that systems relying 

on efficient cooling—such as microfluidic devices, biomedical instruments, or heat 

exchangers—may experience overheating if the Casson parameter is too high. Engineers must 

therefore carefully consider fluid properties during system design to ensure adequate thermal 

regulation. Figure 14 revealed that an increase in Brownian motion parameter 

0.2,0.4,0.6,0.8Nb increases the temperature of the Casson nanofluid. An increase in the  

 

                        

Fig. 11. Effect of Ec  on temperature profile              Fig. 12. Effect of M  on temperature profile 



     International Journal of Advanced Engineering and Management Research  

Vol. 11, No. 01; 2026 

ISSN: 2456-3676 

www.ijaemr.com Page 90 

 

                    

 Fig. 13. Effect of   on temperature profile              Fig. 14. Effect of Nb  on temperature profile 

 

Brownian motion parameter in a Casson nanofluid generally leads to enhanced random 

movement of nanoparticles, which boosts the thermal energy distribution within the fluid, 

effectively raising its temperature. This is because the intensified Brownian motion facilitates 

better heat transfer at the microscopic level by increasing the interaction and collision rates 

among particles, thus improving the fluid's thermal conductivity. From an engineering 

perspective, this implies that controlling the Brownian motion parameter—through nanoparticle 

size, concentration, or fluid viscosity—can be a strategic way to optimize the heat transfer 

performance in systems like cooling devices or heat exchangers that use Casson nanofluids, 

enabling more efficient thermal management in industrial applications. Figure 15 demonstrated 

that a rise in Prandti number Pr 0.1,0.3,0.5,0.7 causes a rise in the temperature of the fluid. 

When the Prandtl number rises in a Casson nanofluid, it means the fluid's momentum diffusivity 

increases relative to its thermal diffusivity, which tends to slow down heat transfer through the 

fluid. As a result, the temperature within the nanofluid can become higher because heat spreads 

more slowly, causing the fluid to retain heat longer. For engineers, this means that adjusting the 

Prandtl number—by changing the fluid’s properties or operating conditions—can help control 

how heat is distributed and maintained in systems like cooling channels or microfluidic devices. 

Managing this balance is crucial for designing efficient thermal systems where precise 

temperature control is needed, such as in electronics cooling or biomedical applications. An 

enhancement in the Schmidt number 0.1,0.3,0.5,0.7Sc leads to a decline in the temperature of 

the Casson nanofluid, as revealed in Figure 16. An increase in the Schmidt number, which 

represents the ratio of momentum diffusivity (viscosity) to mass diffusivity, means that the mass 

diffusion of nanoparticles or solutes in the Casson nanofluid becomes slower compared to 

momentum transfer. This leads to a thinner concentration boundary layer and less nanoparticle 

movement, which in turn reduces the effectiveness of nanoparticle-driven thermal conductivity 

enhancement. As a result, the overall temperature of the fluid may decrease slightly due to 

reduced convective heat transfer. From an engineering standpoint, this suggests that in systems 

relying on nanofluids for improved thermal performance—such as microchannel heat sinks or 
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biomedical cooling devices—operating at high Schmidt numbers might limit the intended heat 

transfer benefits, necessitating careful selection of fluid properties to maintain thermal 

efficiency. Figure 17 shows that an increase in thermophoresis parameter 0.2,0.4,0.6,0.8Nt   

results to a rise in the Casson nanofluids temperature. An increase in the thermophoresis 

parameter in a  

          

Fig. 15. Effect of Pr  on temperature profile               Fig. 16. Effect of Sc  on temperature profile 

 

 
 

Fig. 17. Effect of Nt  on temperature profile 

 

system where Casson nanofluids flow generally leads to a rise in fluid temperature. 

Thermophoresis refers to the movement of nanoparticles from hot regions to cooler ones, and a 

higher thermophoresis parameter intensifies this motion. As nanoparticles migrate, they carry 

heat with them, altering the local thermal gradients and often resulting in a thicker thermal 

boundary layer and reduced heat dissipation. This can raise the overall temperature within the 
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system. From an engineering perspective, this effect is crucial in applications like 

microelectronic cooling or biomedical thermal therapies, where precise thermal control is 

needed. If not managed properly, increased thermophoretic effects could lead to hotspots and 

reduced cooling efficiency, requiring enhanced design strategies for thermal regulation. Figure 

18 reveals that a rise in Casson parameter 0.5,1.0,1.5,2.0   leads to a decline in the 

concentration profile. An increase in the Casson parameter, which characterizes the yield stress 

behavior of a Casson nanofluid, generally leads to a decrease in the fluid's velocity and enhances 

its resistance to flow. As the Casson parameter rises, the fluid behaves more like a solid until a 

certain stress threshold is overcome, which causes a suppression in the convective transport of 

nanoparticles. This reduction in movement limits the dispersion and mixing of nanoparticles, 

resulting in a lower concentration of nanofluid in the flow field. From an engineering 

perspective, this implies that systems relying on effective heat transfer or mixing, such as cooling 

devices or biomedical flows, may experience reduced efficiency when the Casson parameter is 

high. Therefore, understanding and controlling this parameter is crucial in designing systems that 

require precise thermal management or consistent nanoparticle distribution. Figure 19 shows that 

a rise in magnetic parameter 0,0.25,0.5,0.75M  leads to a decline in concentration profile. An 

increase in the magnetic parameter generally leads to a suppression of the concentration profile 

in a Casson nanofluid. This happens because a stronger magnetic field induces a Lorentz force 

that acts opposite to the fluid motion, effectively slowing down the flow. As the flow decelerates, 

the transport of nanoparticles due to convection is reduced, leading to a thinner concentration 

boundary layer. Consequently, the nanoparticle concentration near the surface diminishes, 

resulting in a lower overall concentration profile across the fluid domain. This behavior is 

particularly significant in electrically conducting fluids where magnetic effects are pronounced. 

Figure 20 demonstrates that increasing the Brownian motion parameter 0.2,0.4,0.6,0.8Nb  

causes a decline in the concentration of the nanoparticles. An increase in the Brownian motion 

parameter in a Casson nanofluid enhances the random movement of nanoparticles, causing them 

to spread more uniformly throughout the fluid. This increased diffusion tends to reduce the 

concentration gradient near the surface, leading to a slight decrease in nanoparticle concentration 

at the boundary layer. From an engineering perspective, this effect can impact the design of 

nanofluid-based systems such as biomedical devices or microfluidic channels, where precise 

control of nanoparticle distribution is critical for drug delivery efficiency or thermal regulation at  
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Fig. 18. Effect of   on concentration profile           Fig. 19. Effect of M  on concentration profile 

 

 

 

Fig. 20. Effect of Nb  on concentration profile 

 

the microscale.  Increasing the thermophoresis parameter 0.2,0.4,0.6,0.8Nt   leads to an 

enhancement of the nanoparticles concentration, as revealed in  

 

Figure 21. An increase in the thermophoresis parameter in a Casson nanofluid flow leads to a 

higher migration of nanoparticles from hotter to cooler regions, which enhances the nanoparticle 

concentration away from the heated surface. This occurs because thermophoresis drives particles 

along temperature gradients, and a stronger parameter intensifies this effect. From an engineering 

standpoint, this behavior can be utilized to improve the efficiency of thermal management 

systems, such as in electronic cooling or heat exchangers, by optimizing nanoparticle distribution 

to enhance thermal conductivity in targeted areas, thereby improving heat dissipation and overall 
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system performance. Figure 22 unfolds that an enhancement in Eckert 

number 0.2,0.4,0.6,0.8Ec  causes a decline in the Casson nanofluids concentration. An 

enhancement in the Eckert number, which measures the ratio of kinetic energy to enthalpy 

(essentially capturing the effect of viscous dissipation), leads to more internal heat generation 

within the Casson nanofluid due to frictional heating. This added thermal energy raises the fluid 

temperature, enhancing Brownian motion and thermophoretic forces, which in turn causes 

nanoparticles to disperse more and reduces their concentration near the surface. In engineering 

applications, this can be beneficial for processes requiring uniform nanoparticle distribution, 

such as in cooling systems or material processing. However, excessive viscous heating might 

reduce thermal efficiency or damage temperature-sensitive components, requiring careful design 

considerations. A rise in the Schmidt number 0.1,0.3,0.5,0.7Sc  causes a decline in the 

concentration profile as revealed in Figure 23. An increase in the Schmidt number (Sc), which 

represents the ratio of momentum diffusivity to mass diffusivity, leads to a decrease in the 

concentration boundary layer thickness of a Casson nanofluid. This means that as Sc increases, 

mass diffusion becomes slower compared to momentum diffusion, resulting in a lower 

concentration of nanoparticles near the surface. In industrial and engineering applications, such 

as in drug delivery, cooling of electronic devices, or chemical processing, this behavior is 

significant because it affects the efficiency of mass transfer processes. For instance, lower 

nanoparticle concentration near surfaces might reduce the effectiveness of thermal conductivity 

enhancement or chemical reaction rates, necessitating adjustments in system design or operating 

conditions to maintain performance. Enhancing radiation parameter 0.3,0.6,0.9,1.2N   

decreases the concentration profile, as shown in Figure 24. An increase in the thermal radiation 

parameter generally enhances the thermal energy within the fluid, leading to a rise in 

temperature, which, in turn, reduces the fluid's viscosity and alters the nanoparticle concentration 

distribution.  

 

 

           

 Fig. 21. Effect of Nt  on concentration profile        Fig. 22. Effect of Ec  on concentration profile 
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Fig. 23. Effect of Sc  on concentration profile          Fig. 24. Effect of N  on concentration profile 

 

In the context of a Casson nanofluid, which exhibits non-Newtonian behavior, higher thermal 

radiation causes increased Brownian motion and thermophoretic diffusion of nanoparticles. This 

typically leads to a decrease in nanoparticle concentration near the heated surface due to stronger 

thermophoretic forces pushing particles away from high-temperature regions. Industrially, this 

behavior is crucial in applications such as thermal management systems, polymer processing, 

and nano-coating technologies, where precise control of particle dispersion and heat transfer is 

essential for optimizing performance, ensuring uniform product quality, and preventing clogging 

or sedimentation in microfluidic systems. An enhancement in the Prandti number 

Pr 0.1,0.3,0.5,0.7 leads to a rise in the concentration of Casson nanofluid as revealed in Figure 

25. Increasing the Prandtl number, which represents the ratio of momentum diffusivity to 

thermal diffusivity, generally leads to a thicker momentum boundary layer and a thinner thermal 

boundary layer. In the context of Casson nanofluids (non-Newtonian fluids with yield stress 

behavior), this results in reduced thermal diffusion and enhanced resistance to heat penetration. 

Consequently, the concentration of nanoparticles tends to increase near the surface due to weaker 

thermal gradients and slower diffusion rates. From an engineering standpoint, this implies 

improved thermal insulation characteristics but could also lead to aggregation or clogging issues 

in microfluidic or heat transfer systems, especially where precise control of nanoparticle 

distribution is critical.  
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                              Fig. 25. Effect of Pr  on concentration profile 

 

5. Conclusion and Recommendation 

A new mathematical model was developed to describe how a non-Newtonian Casson nanofluid 

moves through a channel under the influence of a peristaltic wave. The model incorporates the 

combined effects of thermophoresis and Brownian motion, which influence how nanoparticles 

distribute within the fluid. After formulating the governing equations, the study applied a non-

dimensionalisation process using appropriate similarity variables to simplify the system. The 

resulting dimensionless equations were solved numerically using the fourth-order Runge–Kutta 

method. The study also explored how various physical parameters—such as magnetic field 

strength, thermal radiation, Casson fluid characteristics, thermophoresis and Brownian motion 

effects, Prandtl number, Eckert number, and Schmidt number—impact the fluid's velocity, 

temperature, and concentration profiles. These effects were illustrated through graphical results 

and interpreted in terms of their physical significance. 

 

Based on the outcomes of this research, it is therefore recommended that engineers in the field of 

design and maintenance should take into consideration parameters that influence the fluid flow, 

the temperature within the system and also the concentration of the nanoparticles when designing 

engineering and technological devices whose functionality anchors on the usage of Casson 

nanofluid. Utilising this information will ensure better performance and high reliability of 

systems, while failure to adhere to the aforementioned informations may lead to optimum 

ineffectiveness of the devices. 
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