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Abstract 

Geometry on the thermal performance of the microchannelare studied. It was observed that the increase in 

heat transfer is possible using the nanofluid compared to the base fluid. The heat transfer rate increases with 

the increase of the inlet velocity as well as the increase of the solid volume A numerical study of the thermal 

performance of a micro channel, cooled with pure water or with a Cu-water nano fluid was presented. The micro 

channel is partially maintained at a constant temperature. The continuity, momentum and energy equations are 

solved using a FLUENT code based on the finite volume method. The SIMPLE algorithm is used to bypass the 

velocity/pressure coupling. The thermal conductivity of the nanofluid is determined by the model of Patel et al 

[1]. The effects of relevant parameters such as Reynolds number, inlet effects, solid volume fraction and problem 

fraction of the nano fluid. 

 

Keywords: simulation, micro channel, heat transfer, convection, Nano fluid, volume fraction, Reynolds number, 

Nusselt number. 

 

1. Introduction 

For reliable operation in industrial applications and 

electronic equipment. Indeed, the reliability of a 

system depends considerably on its operating 

temperature. For this, microchannels have been 

the subject of particular attention, especially for 

cooling devices used in the electronic, automotive 

and aerospace industries... The optimal design of 

microchannels improves their reliability and 

thermal performance. 

The presentation of the geometries used in this 

study and the mathematical model containing the 

different equations governing this mode of heat 

transfer, as well as the boundary conditions of the 

physical model. The explanation of the finite 

volume method (MVF) and the different steps 

carried out for the numerical resolution by the 

FLUENT calculation code. The presentation, 

interpretation and discussion of the results 

obtained. Indeed, three effects are studied, first the 

effect of Reynolds number, the second includes the 

effect of the volume fraction and the third concerns 

the effect of adding ribs to the heated walls. 

 

 

2. Mathematical Model And Geometry 

Figure 1 considers a two-dimensional horizontal 

microchannel . The microchannel has a hydraulic 

2ℎ = 50µ𝑚length 𝑙 = 2.5𝑚𝑚and diameter . The 

equivalent values in dimensionless are 

dimensionless length and 𝐿 = 𝑙/ℎ =

100dimensionless 𝐻 = ℎ/ℎ = 1width . The length 

of the microchannel is divided into three parts with 

lengths𝑙1 =  0.75𝑚𝑚  (input), 𝑙2 = 1𝑚𝑚(middle) 

and 𝑙3 =  0.75𝑚𝑚(output). The inlet section ( 𝐿1 =

𝑙1/ℎ = 30) and outlet ( 𝐿3 = 𝑙3/ℎ = 30) are 

thermally insulated. The middle section 𝐿2 =

𝑙2/ℎ = 40is heated to a temperature T H =303 K. 

The cooling fluid enters the microchannel at a 

temperature T C =293 K, it is considered either pure 

water or nanofluid . 

 



 
 
 

439 

Journal of Harbin Engineering University 

ISSN: 1006-7043 

Vol 44 No.12 

December 2023 

 
Figure 1: Schematic diagram of the physical model 

The nanofluid contains water and Cu nanoparticles 

which are in thermal equilibrium. Suspended 

copper nanoparticles are assumed to have uniform 

size and shape and to be spherical. The nanofluid is 

considered Newtonian and incompressible, the 

flow in the microchannel is laminar. The effects of 

radiation are neglected. The thermophysical 

properties of the nanofluid are considered 

constant. At a temperature of 25 °C, the 

thermophysical properties of pure water (base 

fluid) and Cu nanoparticles are presented in the 

following table. 

 

Table Error! No text of specified style in 

document.. 1: Thermophysical properties of pure 

water and Cu at 25 °C [8] . 

 
Thermophysical properties of nanofluids 

The addition of nanoparticles in a base fluid 

considerably changes the thermophysical 

properties of fluids including thermal conductivity, 

dynamic and kinematic viscosity, thermal capacity 

and density. The change in thermophysical 

properties is related to several parameters, for 

example particle concentration, particle material, 

particle size and conductivity of the base fluid. 

The volume fraction (φ) 

The volume fraction can be represented as follows: 

𝜑 ==  
𝑉𝑝

𝑉𝑝+𝑉𝑓
  (1) 

Density ( 𝝆𝒏𝒇) 

We estimate the value of the density of the 

nanofluids from the mixing law. 

𝜌𝑛𝑓 = (
𝑚

𝑉
)

𝑛𝑓
=

𝑚𝑓+𝑚𝑝

𝑉𝑓+𝑉𝑃
=

𝜌𝑓𝑉𝑓+𝜌𝑝𝑉𝑝

𝑉𝑇
= 𝜌𝑓(1 −

𝜑) + 𝜌𝑝𝜑        

 (2) 

Thermal conductivity of nanofluids ( 𝒌𝒏𝒇) 

Numerous experimental and theoretical researches 

have been carried out to velop models estimating 

the value of the conductivity of nanofluids depends 

on several parameters such as the volume fraction, 

the size and shape of the nanoparticles, the nature 

of the particles and the base fluid. 

 

• Patel et al model [1] 

The model proposed by Patel et al seems better 

approximate with certain experimental results 

compared to other models for the case of spherical 

nanoparticles with no limitation concerning the 

concentrations of the nanoparticles. This model is 

expressed by: 
𝑘𝑒𝑓𝑓

𝑘𝑓
= 1 +

𝑘𝑝𝐴𝑝

𝑘𝑓𝐴𝑓
+ 𝑐𝑝𝑘𝑝𝑃𝑒

𝐴𝑝

𝑘𝑓𝐴𝑓
    (4) 

Such as :    𝑃𝑒 =
𝑢𝑝𝑑𝑝

𝛼𝑓
    (5) 

   𝑢𝑝 =
2𝑘𝑏𝑇

𝜋𝜇𝑓𝑑𝑝
2     (6) 

𝐴𝑝

𝐴𝑓
=

𝑑𝑓

𝑑𝑝

𝜑

(1−𝜑)
      (7) 

We replace equations (5,6 and 7),) in equation (4), 

we find the equation𝑠𝑢𝑖𝑣𝑎𝑛𝑡𝑒 : 

𝑘𝑒𝑓𝑓  = 𝑘𝑓 + 𝑘𝑝
𝑑𝑓𝜙

𝑑𝑝(1−𝜙)
(1 +

2𝑐𝑇𝑘𝑏  

𝜋µ𝑓𝑑𝑝𝛼𝑓
 )  (8) 

The thermal conductivity of the nanofluids in our 

work was calculated from the model of Patel et al. 

[1] 

Dynamic viscosity ( 𝝁𝒏𝒇) 

We will present some models widely used in the 

case of nanofluids . 

Brinkman model [19]  describes a non-linear 

evolution of dynamic viscosity  with volume 

fraction. 

𝜇𝑛𝑓 =
𝜇𝑓

(1−𝜑)2.5   (9) 

2.1. Simplifying assumptions 

The simplifying assumptions of our study are: 

• The fluid is Newtonian and incompressible 

• Thermophysical properties of fluid are 

constant 

• Heat transfer by radiation is neglected. 

• Flow regime is laminar and stationary 

• Two-dimensional flow (following Cartesian 

coordinates x and y) 

• Continuous medium 

• The nanoparticles are assumed to have 

uniform shape and size and to be spherical 
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• We neglect the phenomenon of buoyancy 

of nanoparticles 

• The fluid and the nanoparticles are in 

thermal equilibrium 

• There is no chemical reaction 

• Viscous dissipation is negligible 

2.2. Mathematical model 

The dimensional equations in steady state and in a 

single-phase model can be written as follows, 

taking into account all the hypotheses: 

Adimensionalization of equations 

We move from the dimensional form to the non-

dimensional form to reduce the number of 

parameters and in order to find general solutions. It 

also simplifies the resolution of systems of 

equations. 

Continuity equation : 
𝜕𝑈

𝜕𝑋
+

𝜕𝑉

𝜕𝑌
= 0        (16) 

Equation of momentum along the axis (X) : 

𝑈
𝜕𝑈

𝜕𝑋
+ 𝑉

𝜕𝑈

𝜕𝑌
= −

𝜕𝑃

𝜕𝑋
+

1

𝑅𝑒

𝜇𝑛𝑓

𝜌𝑛𝑓𝜈𝑓

[
𝜕2𝑈

𝜕𝑋2
+

𝜕2𝑈

𝜕𝑌2
] 

         (17) 

Momentum equation along the Y axis: 

𝑼
𝝏𝑽

𝝏𝑿
+ 𝑽

𝝏𝑽

𝝏𝒀
= −

𝝏𝑷

𝝏𝒀
+

𝟏

𝑹𝒆

𝝁𝒏𝒇

𝝆𝒏𝒇𝝂𝒇
[

𝝏𝟐𝑽

𝝏𝑿𝟐 +
𝝏𝟐𝑽

𝝏𝒀𝟐]  (18) 

Energy equation 

𝑈
𝜕𝜃

𝜕𝑋
+ 𝑉

𝜕𝜃

𝜕𝑌
=

𝛼𝑛𝑓

𝛼𝑓

1

𝑅𝑒 𝑃𝑟
[

𝜕2𝜃

𝜕𝑋2 +
𝜕2𝜃

𝜕𝑌2]    (19) 

 The Nusseltlocalnumber (𝑁𝑢) along the bottom 

wall can be expressed as follows: 

𝑁𝑢(𝑋) = −
𝑘𝑛𝑓

𝑘𝑓
(

𝜕𝜃

𝜕𝑌
)

𝑌=0
  (20) 

average 𝑁𝑢𝑚𝑜𝑦Nusselt number ( ) is determined by 

integrating the local Nusselt number ( 𝑁𝑢)along the 

isothermal wall: 

𝑁𝑢𝑚𝑜𝑦 =
1

𝐿2
∫ 𝑁𝑢(𝑋)𝑑𝑋

𝐿1+𝐿2

𝐿1
    (21) 

Conditions to the limits 

At the entrance to the canal: 

𝑋 =
𝑥

ℎ
  ;    𝑌 =

𝑦

ℎ
 ;    𝑈 =

𝑢

𝑢∞

 

𝑉 =
𝑣

𝑢∞

 ;    𝑃 =
𝑝

𝜌𝑛𝑓𝑢∞
2

     ;    𝜃 =
𝑇 − 𝑇𝑐

𝑇ℎ − 𝑇𝑐

 

 

 

➢ At the exit of the canal: 

To 𝑥 = 𝑙  and0 ≤ 𝑦 ≤ ℎ   ;  
𝜕𝑢

𝜕𝑥
= 𝑣 =

𝜕𝑇

𝜕𝑥
= 0 

C to d: to 𝑋 = 𝐿  and0 ≤ 𝑌 ≤ 1   ;   
𝜕𝑈

𝜕𝑋
= 𝑉 =

𝜕𝜃

𝜕𝑋
=

0 

➢ With isothermal (heated) walls: 

To 𝑦 = 0and 𝑦 = ℎand𝑙1 ≤ 𝑥 ≤ 𝑙2   ; 𝑢 = 𝑣 =

0 , 𝑇 = 𝑇𝐻  

C to d: to 𝑌 = 0and 𝑌 = 1and 𝐿1 ≤ 𝑋 ≤ 𝐿2   ; 𝑈 =

𝑉 = 0, 𝜃 = 1.0 

➢ At adiabatic walls: 

To 𝑦 = 0and 𝑦 = ℎand 0 ≤ 𝑥 < 𝑙1  𝑒𝑡  𝑙2 < 𝑥 ≤

𝑙3  ; 𝑢 = 𝑣 = 0 ,
𝜕𝑇

𝜕𝑦
= 0 

C to d: to 𝑌 = 0and 𝑌 = 1and 0 ≤ 𝑋 < 𝐿1 𝑒𝑡 𝐿2 <

𝑋 ≤ 𝐿3  ; 𝑈 = 𝑉 = 0,
𝜕𝜃

𝜕𝑌
= 0 

3. Digital Resolution Model 

For our numerical simulation, we used a FLUENT 

calculation code based on the finite volume method 

as a means of discretizing the equations managing 

the flow phenomenon . . 

Validation of the calculation code 

The validation is carried out by comparing the ratio 

of the average Nusselt numbers of the nanofluid 

and the base fluid (
𝑁𝑢 𝑚𝑜𝑦

𝑁𝑢𝑚𝑜𝑦,𝑓
)as well as the 

temperature profiles in different sections of the 

microchannel with the results obtained by Raisi et 

al [8] . The results show that the present study is in 

good agreement with the results of this one (figures 

1 and 2). 

 
Figure. 2 : Ratio of the average Nusselt number as 

a function of the volume fraction for different 

Reynolds numbers 

 
Figure 3 : Temperature profiles across different 

sections of the microchannel for Re = 500 and φ = 

0.03 



 
 
 

441 

Journal of Harbin Engineering University 

ISSN: 1006-7043 

Vol 44 No.12 

December 2023 

 

 

Reynolds number effect 

In this section, we studied the effect of the variation 

of the Reynolds number for a laminar flow of 

nanofluid (water-Cu) of volume concentration φ = 

0.03, the Reynolds numbers considered are Re = 10, 

50, 100, 200 and 500. 

In numerical simulations, to vary the Reynolds 

number, we vary the inlet speed. 

Temperature field in the microchannel 

Figure 3 shows the thermal field for different 

Reynolds numbers. The isotherms show that at Re 

𝜃 = 1)= 10 , the nanofluid temperature increases as 

the nanofluid moves through the heated section ( L 

1 ≤ in the exit section (L 2 ≤ flow, the establishment 

length of the thermal boundary layer is greater, 

temperature gradients remain along the 

microchannel therefore the heat exchange is 

greater when the Reynolds number is increased 

 

 

 

 

 
Figure 3-thermal field for different Re 

Temperature variation in the center of the pipe 

Figure 4 shows the temperature variation at the 

center of the microchannel for different Reynolds 

numbers. We notice that the temperature begins to 

increase as soon as it enters the heated section of 

the microchannel . For low Reynolds, the rate of this 

increase is higher. The reason for increasing the 

nanofluid temperature at low Reynolds is that there 

is sufficient time to exchange heat between the 

nanofluid and the walls of the microchannel . 
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Figure 4 :Variation of the temperature at the 

center of the pipe for different Reynolds numbers 

with φ = 0.03 

Temperature profiles across different sections of 

the microchannel 

Figure 5 , illustrates the temperature profiles across 

different sections of the microchannel for different 

Reynolds numbers. We notice that at Re = 10, the 

temperature profiles of the nanofluid (φ = 0.03) are 

uniform in the different sections of the 

microchannel , except at X = 40. When we increase 

the Reynolds number up to Re = 50, a variation of 

the temperature profile at X = 60 is manifested. As 

the Reynolds number increases up to Re = 100, a 

significant variation is evident in the temperature 

profile across the microchannel sections , except at 

X = 100, where the temperature profile is almost 

uniform. The large Reynolds number values (at Re = 

200 and Re = 500) result in a varied temperature 

profile in all the different sections of the 

microchannel . The reason for this behavior is the 

heat transfer rate between the nanofluid and the 

heated walls and again circulation speed of the 

nanofluid . 

 
 

 

 

 
Figure 5: Temperature profiles across different 

sections of the microchannel for different 

Reynolds numbers with φ = 0.03 

Effect of volume fraction 

In this section, we studied the effect of volume 

concentration on the thermal and dynamic 

behavior of a laminar flow of nanofluid (water-Cu). 

For a Reynolds number Re = 100, the values of the 

volume fractions are φ = 0; 0.01; 0.02; 0.03; 0.04; 

0.05. 
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Figure 6 : Temperature profiles 

In our case the effect of the volume fraction reflects 

the effect of the thermophysical properties of the 

nanofluid . The nanoparticles increase the thermal 

conductivity of the base fluid therefore they 

improve the heat transfer within the microchannel. 

Temperature fields in the channel 

Figure 7 shows the thermal field of the nanofluid 

flow as a function of the volume fraction of the 

nanoparticles. It is noted that the nanofluid 

temperature increases with increasing volume 

fraction. So, the difference between the 

temperature of the isothermal walls and the 

temperature of the nanofluid will decrease. A 

comparison between the nanofluid isotherms for 

different volume fraction values indicates that the 

temperature of nanofluids with large volume 

fraction increases faster compared to low fractions. 

This behavior can be explained by the higher 

relative thermal conductivity when increasing the 

volume fraction. 
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Figure.7: Temperature field for different volume 

fractions with Re = 100 

Dimensionless temperature variation at the 

channel outlet 

Figure 8 shows the evolution of the dimensionless 

temperature at the exit of the microchannel for 

different volume fractions. We note that high 

temperatures are obtained for high volume 

fractions, the addition of nanoparticles increases 

the heat transfer between the isothermal walls and 

the nanofluid . 

 
Figure 8: Variation of the dimensionless 

temperature at the channel outlet for different 

volume fractions with Re = 100 

Variation of the average dimensionless 

temperature at the channel outlet 

Figure 9 , illustrates the variation of the average 

dimensionless temperature at the exit of the 

microchannel for different volume fractions. We 

note that the average dimensionless temperature 

at the outlet of the channel increases linearly with 

the increase in the volume fraction. The reason is 

the increase in heat transfer when adding 

nanoparticles. 

 
Figure 9: Variation of the average dimensionless 

temperature at the exit of the micro channel for 

different volume fractions with Re = 100 

Variation of the local Nusselt number 

Figure 10 shows the evolution of the local Nusselt 

number as a function of the volume fraction along 

the heated section. We notice that for the different 

volume fractions of the nanoparticles in suspension 

, the local Nusselt number decreases as a function 

of heated. 

 
Figure Error! No text of specified style in 

document.10 : Variation of the local Nusselt 

number for different volume fractions with Re = 

100 

Effect of volume fraction as a function of variation 

in Reynolds number 

Figure 11 shows the variation of the average 

Nusselt number as a function of the Reynolds 

number for different volume fractions. for Re = 10, 

the value of the average Nusselt number remains 

practically unchanged when the volume fraction is 

increased. However, a continued increase in the 

average Nusselt number is evident as the volume 

fraction is increased for higher values of the 

Reynolds number. This is due to the higher thermal 
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conductivity of the nanoparticles added to the base 

fluid. 

 
Figure. 11 : Variation of the average Nusselt 

number as a function of the Reynolds number for 

different volume fractions 

According to the previous results and using the 

Excel tool, we can arrive at this correlation: 

The results show that the present study is in good 

agreement with the results of Raisi et al. [8] . 

Presence of ribs 

Figure 10  shows  the temperature contours 

(isotherms) for rectangular, triangular and ribless 

ribs. It is noted that the different shapes of ribs 

along the flow positively affect the mixing of the 

nanofluid . Among all shapes tested, the evolution 

of these lines for triangular ribs indicates better 

flow mixing for these rib shapes. 

 

 

 
Figure Error! No text of specified style in 

document.: Temperature field for different types 

of ribs with Re = 100 and φ = 0.03 

Contours of streamlines 

Figure 11 , shows the velocity contours for different 

rib types. Using ribs with acute-angled surfaces 

results in specific changes in axial velocity contours. 

Due to the contacts between the nanofluid and the 

ribs, significant variations in axial velocity gradients 

and some small vortices occur. It is also noted that 

the highest speed gradient is achieved for the 

rectangular, triangular and ribless rib shapes 

respectively, which leads to significant changes in 

the speed. The variations become greater when the 

fluid meets the next corner of the rib. 

 

 

 

 

 



 
 
 

446 

Journal of Harbin Engineering University 

ISSN: 1006-7043 

Vol 44 No.12 

December 2023 

 

 
Figure 13 : Contours of streamlines for different 

types of ribs with Re = 100 and φ = 0.03 

Variation of the local Nusselt number 

Figure 12 illustrates the local Nusselt number along 

the microchannel for φ = 0.03 and Re = 100 and for 

different rib shapes. We notice that the variation of 

the local Nusselt number depends on the shapes of 

the ribs. The maximum variations of the local 

Nusselt number are obtained with the rectangular 

shape of the ribs. Likewise the first rib allows a 

maximum variation of the local Nusselt number , 

through the following ribs, the variations become 

less and less important. 

 
Figure 14 : Variation of the local Nusselt number 

for different types of ribs with Re = 100 and φ = 

0.03 

Previous results show that the present study is in 

good agreement with the results of Behnampouret 

al. [23] 

Variation of the average Nusselt number as a 

function of the Reynolds number 

Figure 13 shows the average Nusselt number  versus 

Reynolds number for different rib shapes. We 

notice that the rectangular shape has the highest 

average Nusselt number. Additionally, the 

triangular shape has a higher Nusselt number than 

the case without ribs. The reason is the abrupt 

variation of the velocity profile for the rectangular 

and triangular shape. For low Reynolds numbers, 

rectangular and triangular ribs behave similarly. 

When increasing the Reynolds number, the 

rectangular rib shape shows more efficient 

behavior and the heat transfer increases 

significantly with this rib shape. On the other hand, 

the results show that for all rib shapes, by 

increasing the inlet speed, the heat transfer and the 

number of nusselt increases significantly. 

 
Figure 15 : Variation of the average Nusselt 

number as a function of the Reynolds number for 

different types of ribs 

According to the previous results and using the 

Excel tool, we can arrive at these correlations: 

• Without ribs 

 𝑁𝑢𝑚𝑜𝑦 = 0.1492 𝑅𝑒0.6024 (22) 

 𝑅2 = 0.952 (23) 

• Rectangular ribs 

 𝑁𝑢𝑚𝑜𝑦 = 0.1985 𝑅𝑒0.6061 (24) 

 𝑅2 = 0.9485 (25) 

• Triangular ribs 

 𝑁𝑢𝑚𝑜𝑦 = 0.1985 𝑅𝑒0.6061 (26) 

 𝑅2 = 0.9485 (27) 

4. General Conclusion 

In this simulation work we carried out a numerical 

study of heat transfer by forced convection in a 
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two-dimensional microchannel. The walls of the 

central section of the microchannel are maintained 

at a constant temperature. The microchannel is 

cooled by a nanofluid Cu-water . 

The governing equations of continuity, momentum 

and energy are solved by the FLUENT CFD which is 

designed based on the finite volume method. 

The flow and temperature fields as well as the heat 

transfer rate of the microchannel are studied for 

different Reynolds numbers, solid volume fractions 

and problem geometries. The Brownian motion of 

nanoparticles is taken into account in the model 

used to determine the thermal conductivity of 

nanofluids . The results of the numerical analysis 

lead to the following conclusions: 

• For all Reynolds number values, the 

nanofluid flow grows very quickly before reaching 

the heated section of the microchannel . Increasing 

the Reynolds number results in a higher heat 

transfer rate. 

• The heat transfer rate increases with 

volume fraction. This is due to the improved 

thermal performance due to the increased volume 

ratio of nanoparticles with relatively higher thermal 

conductivity. Additionally, a more notable increase 

in Nusselt number with volume fraction is evident 

at higher Reynolds numbers. 

• Heat transfer is improved when ribs are 

added to the walls of the microchannel . 

thermophysical properties of the nanofluid and the 

geometric parameters have a considerable effect 

on the heat exchange by forced convection. 

In perspective, we recommend the numerical study 

of the sliding effect in a three-dimensional 

microchannel. 
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