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Abstract  

This paper investigates the impact of thermal radiation, viscous dissipation, and chemical 

reaction on the stagnation point flow of Williamson nanofluid over an exponentially stretching 

sheet. The study utilizes similarity transformations to convert partial differential equations 

(PDEs) into ordinary differential equations (ODEs), and the simulation is carried out using the 

homotopy analysis method (HAM). Comparisons with existing literature validate the accuracy 

of our findings for specific scenarios. Graphs and tables are presented to illustrate the 

behavior of skin friction, Nusselt number, and Sherwood numbers for various values of flow 

parameters. Notably, the skin friction coefficient exhibits enhancement with an increase in the 

Williamson fluid parameter.  

Introduction  

Nanofluids, consisting of nanometer-sized particles below 100 nanometres, are introduced 

into various base fluids like oil, water, bio fluids, ethylene, and lubricants. These nanofluids 

have gained significant attention from researchers due to their immense potential in 

industries, medicine, and various scientific and technological domains. Their unique 

properties make them stand out from conventional fluids [1]-[2]. 

Despite the extensive research on nanofluids, they remain indispensable in specific areas, 

especially in the medical sector. For instance, gold nanoparticles are used for cancerous tumor 

screening and the development of tiny bombs for cancer eradication [3]. The concept of using 

nanomaterials in fluids to enhance thermal conductivity was first introduced [4-6]. They 

observed that the infusion of nanoparticles into fluids strengthened their thermal 

conductivity. [7] have produced analytical solutions for the behavior of magnetohydrodynamic 

(MHD) nanofluids in squeezing flow between two parallel plates. [8-10] investigated the 

distribution of heat and mass over a radially stretched surface using electrically conducting 

nanofluids, considering thermophoresis and Brownian motion. Additionally, [11-13] explored 

the impact of increasing nonlinear thermal radiation on boundary layer flow of various 

nanofluids. Overall, nanofluids continue to captivate the scientific community due to their 
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potential and diverse applications, making them a promising area of research in the field of 

fluid dynamics and nanotechnology [14]. 

 

 

Mathematical formulation  

      

  
Figure 1 Physical model of the flow 

The governing boundary layer equations  

 

 

The following similarity transformations are now introduced: 
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We practice the mentioned initial guesses and linear operators to summarize the homotopic  

approaches of Eq. (7) to Eq. (10). 

 

Subject to the boundary conditions 
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The nth order distortion equations are as follows 

 

Results  

The Homotopy Analysis Method (HAM) has been utilized to solve the modified equations 

subjected to specific boundary conditions [15]. Graphs representing different profiles are 

plotted for various values of the controlling parameters. 
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Figure 2: Profiles of   f '  for  
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Conclusions  

As the parameter λ is increased, the fluid velocity decreases, but the Skin friction coefficient 

increases. On the other hand, when ε is increased, the velocity profile rises, while the 

temperature and concentration profiles decrease. The thermal boundary layer thickness 

reduces with an increase in the Prandtl number, whereas the radiation parameter has the 

opposite effect. 
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