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ABSTRACT 

This dissertation deals with the analysis of heat and mass transfer in Newtonian and non-Newtonian 

nanofluid in the presence of motile microorganisms. The major application of the fluids in heat and 

mass transfer process is its capability to conduct heat. Hence, the fluids act as a source that conducts 

heat and cools down the temperature of the appliance. Whereas, the capacity of heat conductance is 

low in case of regular fluids, hence the concept of nanofluids was introduced whose thermal 

conductivity is more when compared to regular fluids. The high thermal conductivity of 

nanoparticles helps in conducting more heat and the property of fluid to flow helps the nanoparticles 

to flow all over the desired surface and conduct heat. During the process of nanofluid flow, the 

nanoparticles undergo random motion that is termed as Brownian motion and they also experience 

the thermophoretic force that causes the nanoparticles to move from hotter region to colder region. 

Further, the presence of nanoparticles would either result in sedimentation or formation a layer of 

nanoparticles over the surface.  
 

This layer of nanoparticles adhered to the surface creates corrosion. Hence, it is important to prevent 

the nanoparticles from forming its layer over the surface and also the sedimentation of nanoparticles 

must be avoided to have no blockages in the system. Hence to avoid sedimentation, self–propelled 

microorganisms are made to swim in the nanofluid which in turn constitutes bioconvection. 

Considering these assumptions, problems in this dissertation are modelled such that it deals with the 

analysis of bioconvection caused due to the swimming of microorganisms in the flow of nanofluid. 

The mathematical models of the flow, heat and mass transfer of Newtonian and non–Newtonian 

nanofluids are designed using the partial differential equations with various assumptions to achieve 

realistic results. This system of partial differential equations are then converted to non–linear 

ordinary differential equations with the help of similarity variables and the resulting system of 

equations is solved using numerical methods such as DTM–Pade approximant, Chebyshev 

Collocation method and RKF–45 method. The study is performed for various geometries such as 

needle, parallel walls, non–parallel walls, Riga plate and stretching sheet. Further, the flow, heat and 

mass transfer of nanofluid between non–parallel walls is observed through simulation. The outcomes 

are discussed through plotted graphs and tables. 
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