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condition. The temperature on the walls of the microtube 
has been considered to be constant. Recently, researchers 
have shown that no-slip and temperature jump boundary 
conditions may not be appropriate for flows in microscale 
channels, because a microscale flow of a liquid is 
different from a macroscale flow.  

4. Results and Discussion 

Figure 2 shows a graph of local Nusselt numbers 
versus the dimensionless lengths of the microtube. It 
can be seen that with the slip coefficient increasing, 
the Nusselt number increases since the temperature 
gradient increases along the walls of the microtube. 
The Nusselt number has the maximum value at the 
inlet of the microchannel due to the highest 
temperature difference between the nanofluid and 
the walls of the microchannel. The velocity of the 
nanofluid is low around the walls of the microtube. 
As a result, there is enough time for heat exchange 
between the nanofluid and the walls of the 
microtube. Thus, the nanofluid's temperature 
increases and reaches the temperature of the 
microtube's walls thereby reducing the temperature 
difference between the nanofluid and the walls of 
the microtube. In general, the Nusselt number 
increases with the increased volume fraction of 
nanoparticles and increased Reynolds number. 
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Fig. 2. Changes in the local Nusselt number versus different values 
of slip coefficient 

 Average Nusselt numbers of the nanofluid on the 
walls of the microtube for different values of slip 
coefficient can be seen in Figure 3. The results show 
that an increase in the slip coefficient increases the 
Nusselt number. For all values of Reynolds number, 

the average Nusselt number increases with the 
increased �. Because with the increased wt% of the 
solid nanoparticles, the thermal conductivity 
coefficient of the nanofluid increases, thus 
increasing the thermal performance of the nanofluid. 
The average Nusselt number is a dimensionless 
number that represents the ratio of the heat 
transferred by convection to the heat transfer by 
conduction. 
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Fig. 3. Changes in the average Nusselt number versus different 
values of slip coefficient 

 
5. Conclusion 

The present problem dealt with investigating the 
heat transfer of carboxymethyl cellulose-aluminum 
oxide aqueous solution in a slip regime. We 
investigated parameters such as the Reynolds 
number, Nusselt number, and the volume fraction of 
solid nanoparticles in different areas of the 
microtube's walls. The Brownian motion of the 
nanoparticles was taken into consideration in the 
computations being used in the model, to calculate 
the thermal conductivity of the nanofluid. The heat 
transfer rate increases at high Reynolds numbers. 
With the volume fraction of the solid nanoparticles 
increasing, the thermal performance of the nanofluid 
increases, which is due to the increased volume of 
nanoparticles with higher relative thermal 
conductivity. The significant increase in the Nusselt 
number due to the increased volume fraction of solid 
nanoparticles is more manifest at higher Reynolds 
numbers. 
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