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ABSTRACT: This research attempts to study the effects of particle migration on concentration distribution of 

the water-TiO2 nanofluid inside a circular tube. The scale analysis shows that thermophoresis can have an 

essential role on particle migration and consequently, on concentration distribution. Therefore, the con- 

centration distribution of particles is obtained by considering the effects of thermophoresis, non-uniform shear 

rate, Brownian diffusion, and viscosity gradient. The results reveal that as the particles become lar- ger, the 

concentration distribution becomes more non-uniform. Meanwhile, thermophoresis intensifies non-uniformity of 

concentration distribution and its effect is more noticeable at higher mean concentrations. 
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toward the central regions of the tube. On the other hand, the Brownian force acts upon the particles 

against the concentration gradient direction, that is, these two factors act in the opposite direction to each other. 

According to Eqs. (2)–(4) by the particle enlargement, the Brownian force reduces while the shear rate effect 

increases. Thus at a given mean concentration, a higher con- centration is created in central regions for larger 
particles. 

Fig. 2 shows the effect of thermophoresis on the particle distri- bution at two different mean 

concentrations for dp = 80 nm. As can be observed, when the effect of thermophoresis is overlooked (i.e. by 

eliminating the last term in Eq. (13)), the concentration distri- bution becomes more uniform. The reason is that 

thermophoretic force exerts on the particles in the opposite direction of the tem- perature gradient. The direction 

of temperature gradient is from the center of the tube toward the wall. Thus, thermophoresis makes the particles 
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migrate toward the center of the tube. In addi- tion, It is  noticed  in  this  figure  that  at  higher  concentration 

(Fig. 2b), thermophoresis is more effective and consequently, when thermophoresis is overlooked, more 

difference occurs in the con- centration distribution, such that by neglecting thermophoresis, the maximum 

value of concentration at  mean  concentration  of 1% decreases about 4.4% while it decreases about 11.5% at 

mean concentration of 2%. 

The results of this contribution indicate that thermophoresis has a relatively significant effect on 

particle distribution. Although this study examines the effect of thermophoresis on nanoparticle migration in 

nanofluids, more studies are needed to be conducted in this area in the future. 
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