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ABSTRACT: Today, the use of nanofluids in microchannels is widely used for cooling microelectronic 
components. In this study, the flow and heat transfer of nanofluid in a converging and diverging 
microchannel has been investigated. The governing equations are solved by the finite element method 
and two-phase mixture model in COMSOL Multiphysics software. The results of this simulation were 
obtained for Reynolds numbers (100-700) and different concentrations of nanoparticles (0-0.02) for 
diverging and converging microchannels with different slopes (0-0.05). Also, the effect of two different 
nanofluids water-copper and ethylene-glycol-copper has been considered. The nanoparticles diameter is 
50 nm. The results show that for water-copper nanofluid with a volume fraction of 1% in a converging 
microchannel with a slope of 3% and Reynolds 100, it increases by about 1.6 times for a converging 
microchannel and 1.1 times for a diverging microchannel compared to a flat microchannel. In this case, the 
performance coefficient for convergent and divergent microchannel is 1.37 and 1.74, respectively. In the 
same conditions, for ethylene glycol-copper nanofluid, the Nusselt number for converging microchannel 
becomes 1.22 times compared to flat microchannel and 1.13 times for divergent microchannel. 
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1- Introduction
Compared to base fluid like water, nanofluids have 

different thermophysical properties. Microchannels have 
wide applications in various industries. Eastman et al. [1] by 
measuring the thermal conductivity, by adding 5% volume 
fraction of nanoparticles, reported, 60%, improvement in 
the thermal conductivity. high produced heat increases 
the temperature of the component during operation and 
thus reduces the performance of microchannels [2]. In this 
research, the effect of diverging and converging microchannel 
geometry for different nanofluids with different wall slopes 
in different Reynolds numbers for two nanofluids has been 
investigated. The two-phase mixture method has been used to 
simulate the problem. Due to the difference in the density of 
nanoparticles and the base fluid, the distribution of particles 
during movement will not remain homogeneous [3]. Then in 
the two-phase mixture method, homogeneous distribution of 
particles is not assumed and an equation is solved for volume 
fraction.

2- Governing Equations and Boundary Conditions
The studied geometry has been shown in Fig. 1.
The governing equation in the mixture method is as 

follows [4, 5],
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Fig. 1. Schematic of the a) convergent microchannel b) divergent microchannel 

The governing equation in the mixture method is as follows [4, 5], 
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The boundary conditions of inlet and outlet are fully developed conditions and for the wall is zero 
velocity and constant temperature, and the upper boundary is the symmetry boundary. The 
governing equations have been solved using COMSOL Multiphysics software.  

3- Results and Discussions  
In Fig. 2, the average Nusselt number and performance coefficient (PEC) can be seen. Results 
show that in each Reynolds number Nusselt number increases with increasing slope. It can be seen 
that in all cases, the Nusselt number is higher than the Nusselt number for the flat microchannel, 
and it increases with the increase in the slope of the channel. Fig. 3, shows for both microchannels, 
the slope is 0.03 with a volume concentration of 1% for the water-copper nanofluid. It is observed 
that the Nusselt number for both slopes increases with the Reynolds number. Also, for the 
convergent channel, the Nusselt number is higher than the divergent channel. Fig. 3-b, shows the 
PEC for different Reynolds numbers in converging and diverging microchannels. It can be seen 
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The boundary conditions of inlet and outlet are fully 
developed conditions and for the wall is zero velocity and 
constant temperature, and the upper boundary is the symmetry 
boundary. The governing equations have been solved using 
COMSOL Multiphysics software. 
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3- Results and Discussions 
In Fig. 2, the average Nusselt number and performance 

coefficient (PEC) can be seen. Results show that in each 
Reynolds number Nusselt number increases with increasing 
slope. It can be seen that in all cases, the Nusselt number is 
higher than the Nusselt number for the flat microchannel, 
and it increases with the increase in the slope of the channel. 
Fig. 3, shows for both microchannels, the slope is 0.03 with a 
volume concentration of 1% for the water-copper nanofluid. It 

is observed that the Nusselt number for both slopes increases 
with the Reynolds number. Also, for the convergent channel, 
the Nusselt number is higher than the divergent channel. 
Fig. 3-b, shows the PEC for different Reynolds numbers 
in converging and diverging microchannels. It can be seen 
that the PEC is higher in Reynolds 100. This coefficient first 
decreases and then increases with the increase of the Reynolds 
number. The PEC for the divergent channel is higher than the 
convergent channel.
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Fig. 1. Schematic of the a) convergent microchannel b) divergent microchannel
that the PEC is higher in Reynolds 100. This coefficient first decreases and then increases with the 
increase of the Reynolds number. The PEC for the divergent channel is higher than the convergent 
channel. 
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Fig. 2. a) mean Nusselt number, b) performance coefficient in converge microchannel versus slope in different 
Reynolds number and 1% volume fraction 

  
(b) (a) 

Fig. 3. a) mean Nusselt number, b) performance coefficient in converge and diverge microchannel with 3% slope 
and 1% volume fraction of Water-Cu nanofluid versus Reynolds number 

4. Conclusion 
In this article, nanofluid flow and heat transfer in converging and diverging microchannels have 
been studied by mixed two-phase numerical methods. For water-copper with a volume fraction of 
1% in a converging microchannel with a slope of 3% and Reynolds 100, it increases by about 1.6 
times for a converging microchannel and 1.1 times for a diverging microchannel compared to a 
flat microchannel, and the PEC are 1.37 and 1.74, respectively. For ethylene glycol-copper 
nanofluid, the Nusselt number becomes 1.22 and 1.13 times for converging and divergent 
microchannels, respectively. Also, the PEC are 1.17 and 1.4, respectively.  
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4- Conclusion
In this article, nanofluid flow and heat transfer in 

converging and diverging microchannels have been studied 
by mixed two-phase numerical methods. For water-copper 
with a volume fraction of 1% in a converging microchannel 
with a slope of 3% and Reynolds 100, it increases by about 
1.6 times for a converging microchannel and 1.1 times for 
a diverging microchannel compared to a flat microchannel, 
and the PEC are 1.37 and 1.74, respectively. For ethylene 
glycol-copper nanofluid, the Nusselt number becomes 1.22 
and 1.13 times for converging and divergent microchannels, 
respectively. Also, the PEC are 1.17 and 1.4, respectively. 

References
[1]  J. A. Eastman, U. Choi, S. Li, L. Thompson, and S. Lee, 

Enhanced thermal conductivity through the development 
of nanofluids, MRS Online Proceedings Library (OPL), 
457 (1996) 3-11.

[2]  M. Faizan, S. Pati, and P. R. Randive, Implication of 

geometrical configuration on heat transfer enhancement 
in converging minichannel using nanofluid by two phase 
mixture model: A numerical analysis, Proceedings of the 
Institution of Mechanical Engineers, Part E: Journal of 
Process Mechanical Engineering, 235(2) (2021) 416-
427.

[3]  J. Rostami, A. Abbassi, and M. Saffar-Avval, 
Numerical Heat Transfer by Nanofluids in a wavy walls 
Microchannel using Dispersion Method, Amirkabir 
Journal of Mechanical Engineering, 51(4) (2019) 121-
130 (in Perian).

[4]  D. A. Drew and R. T. Lahey Jr, Application of 
general constitutive principles to the derivation of 
multidimensional two-phase flow equations, International 
Journal of Multiphase Flow, 5(4) (1979) 243-264.

[5]  M. Ishii and K. Mishima, Two-fluid model and 
hydrodynamic constitutive relations, Nuclear Engineering 
and design, 82(2-3) (1984) 107-126.

HOW TO CITE THIS ARTICLE
F. Rezvannezhad, J. Rostami, Heat Transfer of Nanofluids in Converging and Diverging Mi-
crochannels by Mixture Model, Amirkabir J. Mech Eng., 55(5) (2023) 123-126.

DOI: 10.22060/mej.2023.17993.7562

that the PEC is higher in Reynolds 100. This coefficient first decreases and then increases with the 
increase of the Reynolds number. The PEC for the divergent channel is higher than the convergent 
channel. 

 

  
(b) (a) 

Fig. 2. a) mean Nusselt number, b) performance coefficient in converge microchannel versus slope in different 
Reynolds number and 1% volume fraction 

  
(b) (a) 

Fig. 3. a) mean Nusselt number, b) performance coefficient in converge and diverge microchannel with 3% slope 
and 1% volume fraction of Water-Cu nanofluid versus Reynolds number 

4. Conclusion 
In this article, nanofluid flow and heat transfer in converging and diverging microchannels have 
been studied by mixed two-phase numerical methods. For water-copper with a volume fraction of 
1% in a converging microchannel with a slope of 3% and Reynolds 100, it increases by about 1.6 
times for a converging microchannel and 1.1 times for a diverging microchannel compared to a 
flat microchannel, and the PEC are 1.37 and 1.74, respectively. For ethylene glycol-copper 
nanofluid, the Nusselt number becomes 1.22 and 1.13 times for converging and divergent 
microchannels, respectively. Also, the PEC are 1.17 and 1.4, respectively.  
References 
[1] J. A. Eastman, U. Choi, S. Li, L. Thompson, and S. Lee, Enhanced thermal conductivity through 

the development of nanofluids, MRS Online Proceedings Library (OPL), 457 (1996) 3-11. 
[2] M. Faizan, S. Pati, and P. R. Randive, Implication of geometrical configuration on heat transfer 

enhancement in converging minichannel using nanofluid by two phase mixture model: A numerical 
analysis, Proceedings of the Institution of Mechanical Engineers, Part E: Journal of Process 
Mechanical Engineering, 235(2) (2021) 416-427. 

[3] J. Rostami, A. Abbassi, and M. Saffar-Avval, Numerical Heat Transfer by Nanofluids in a wavy 
walls Microchannel using Dispersion Method, Amirkabir Journal of Mechanical Engineering, 51(4) 
(2019) 121-130 (in Perian). 

slope

N
u

0 0.01 0.02 0.03 0.04 0.05
5

10

15

20

25

Re = 100

Re = 400

Re = 700

Re

PE
C

100 200 300 400 500 600 700
0.9

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

Diverge

Converge

PEC = 1

Re

N
u

100 200 300 400 500 600 700
5

10

15

20

Diverge

Converge

Fig. 3. a) mean Nusselt number, b) performance coefficient in converge and diverge microchannel with 
3% slope and 1% volume fraction of Water-Cu nanofluid versus Reynolds number



This
 pa

ge
 in

ten
tio

na
lly

 le
ft b

lan
k


	Blank Page - EN.pdf
	_GoBack




