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Abstract:  Due to the high performance of electronic components, the heat generation is increasing dramatically. Effective 

thermal management is a key for the continuous development of electronics, which are characteristics of modern life. It has a 

great effect on the lifetime, durability and reliability of these systems. A liquid-cooled microchannel heat sink is a compacted 

cooling part that used to provide better heat dissipation rates and low temperatures in electronic components. Nanofluid is 

introduced as effective coolants to be employed in this type of heat sinks to increase the heat dissipation rates. In this work 

numerical study on rectangular microchannel heat sink for heat transfer enhancement by using water as the base fluid, and SiO2 as 

nanofluid are carried out, two levels of heat flux, q" = 100 W/cm2 and q" = 200 W/cm2 is applied to the bottom wall of the 

microchannel heat sink, were studied. This work is mainly focused on laminar flow with Reynolds Numbers 300, 500 and 800 for 

single-phase liquid flow. The local Nusselt number, average wall temperature, bottom wall termperature, pressure drop and 

performance factor of finned microchneels are evaluated and compared. It is found that heat transfer performance of nanofluid 

microchannel is better than rectangular microchannel at all Reynolds numbers. It also finds from results that average surface 

temperature in case of nanofluid channel are significantly reduced. 

Index Terms - MCHS, Microchannel, CFD Analysis, Thermo hydraulic studies. 

I. INTRODUCTION 

We know that performance of any electronic device is based on the amount of heat generation and how effectively we can remove 

that unwanted heat. If the device produces more heat, it may lead to decrease the performance of that system sometimes it may 

leads the failure of that system. So we need to search for some alternative cooling techniques other than some regular cooling 

techniques. 

After introducing the micro channel concept by Tuckerman and Peace in 1981, for the applications of electronics cooling circuits or 

some small and minute devices where natural cooling are not sufficient. These are the closed channels and having lower hydraulic 

diameter. When compared with other cooling devices like millichannels, they perform well in terms of heat transfer rate and 

produce higher pressure drops. It gives the better Nusselt number, and for fully developed flow conditions it gives constant Nu 

numbers. So that it gain the importance in heat transfer applications of any electronic devices. 

The challenges of microchannels included are the manufacturing/fabrication difficulties and it is necessary to maintain high 

grade filtering of the coolant (working fluid) for it to flow through the channels. Maintaining High pumping power and pressure 

drop required were also considered the challenges of microchannels. 

The advantage of microchannels depends on size of the heat exchanger and having high heat transfer coefficient. Other 

advantages are their reduced weight, low inventory, and reduced use of materials. The decreased diameters of microchannels result 

in more compact heat exchangers and higher heat transfer coefficients through more surface area per unit volume.  

Microchannels have wide practical applications in highly specialized fields, such as bioengineering and micro fabricated fluidic 

systems, micropumps, and micro heat pipes. For example, the compactness and low weight of microchannels have turned the 

automotive industry toward micro heat exchangers, and today microchannels have almost completely replaced circular tubes in 

automotive condensers and heat exchangers with hydraulic diameters of around 1 mm. More recently, microchannels have been 

successfully applied to automotive air conditioning systems, fuel cells, and microelectronics. 

In general the materials used to made heat sink microchannels are having higher thermal conductivity such as aluminium and 

copper and alloys. Copper having thermal conductivity of 401 W/m-K at 300 K, even though it is having higher thermal 

conductivity, is significantly more expensive than aluminum having thermal conductivity 237 W/m K at 300 K, but copper having 

thermal conductivity nearly twice as efficient. But aluminum can be easily formed by extraction this is the big advantage with that, 

thus making complex cross-sections are possible. Also when compared with density, aluminum is much lighter than copper, so it 

can offers less mechanical stress on small and delicate electronic components. Even though the zinc is having less thermal 

conductivity compared to that of aluminum, and copper, this is a good material used for electronics cooling. The main advantage 
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with zinc is when mixed with an alloy, the porosity in the casting process are eliminates, which is a big advantage over aluminium 

and copper since after casting they are not pore free. 

Peng and Peterson [1] experimentally studied the flow behavior of microchannels. In their experiments the hydraulic diameter 

of microchannel varied from 133 µm to 367 µm. The obtained experimental results are contradictory to the conventional theory. 

The flow transition occurs from laminar to turbulent at low Reynolds numbers. It is also observed that friction factor dependence on 

channel aspect ratio and hydraulic diameter. 

Judy [2] conducted experiments in square and round microchannels with hydraulic diameters ranging from 15 µm to 150 µm. 

Three different working fluids for testing distilled methanol, isopropanol and water over for Reynolds number range from 8 to 

2300. The obtained experimental results well match with available theories in laminar flow region. 

J. Li and G.P. Peterson [3] Developed a numerical model to analyse the thermo hydraulic behavior of silicon based micro 

channel heat sinks. In their model a simplified three-dimensional conjugate heat transfer model, i.e. 2D fluid flow and 3D heat 

transfer is incorporated. The thermo-physical properties estimated as per the local working fluid temperature. They studied the 

influence of the geometric parameters and thermo physical properties of the working fluid on thermo-hydraulic behavior 

microchannels. From their results it is observed that the consideration of local thermo physical properties significantly influence 

performance of the microchannel heat sink. 

Similar to this, Wu and Cheng [4] conducted experiments on silicon heat sinks with different cross-section channels. From the 

results it observed that different coefficient of friction had been obtained for the same hydraulic diameter. Variations in flow 

characteristics caused by differences in cross sectional shape have a significant effect on the micro channel heat transfer 

characteristics. 

Masud et al. [5] numerical studies done on microchannels and compared results with earlier their own experimental data. In the 

present numerical study, air inlet velocity at temperature 293 K and a heated chip with temperature 353 K. Various turbulence 

models have been tested, for different velocity’s 1 to 7 m/s. Uniform and fully developed conditions are taken to know the inlet 

flow in channel on heat transfer rate. The results show that there is not a good agreement between the predicted and experimental 

results. 

Yong-Jiun Lee et al [6] conducted experiments on oblic finned microchannels inorder to know the effect of re-entrance and 

secondary flow on the micro channel performance. With this novel heat transfer mechanism oblic finned microchannel average 

Nusselt number increases from 8.6 to 15.8, thermal resistance decreases by 18% with negligible pressure penalty. 

Singh et al. [7] performed experiments to study the heat transfer through microchannels using nanofluids.In this study two 

microchannels were used. One had hydraulic dia of 218 nm and the other has the hydraulic dia of 303 nm. Both the microchannels 

were manufactured by the process of wet ion itching on silicon wafer. In the apparatus there was facilities such as facility for 

temperature measurement of the lower wall as well as for providing the flow passage. The size of the nanoparticles are 45 nm. The 

various samples that were prepared for experimentation were 1 % by volume, .5% by volume and .25% by volume. These samples 

were stabilized by proper procedure. Water and ethylene glycol are used as fluids in which nanofluids are prepared. In this study 

emphasis was laid on viscosity as well as thermal conductivity. Dispersion is found to be characteristic of significance for which it 

was found that it occurred due to particle movement caused by shear. It was also observed that heat transfer behavior was directly 

related volume concentration and inversely related to viscosity of the base fluid. 

A simple passive technique used to increase heat transfer for rectangular microchannel is by passage of metal oxide based 

nanofluids. So, in the present work two different configurations of rectangular microchannel with different nanofluids of volume 

ratio 0.6 %, 0.8 % and 1 % are considered in the present study. 3D conjugate heat transfer model used for the analysis. Equal and 

same volume flow rate considered all configurations for comparison. Influence of heat flux and mass flux on thermo-hydraulic 

behavior of microchannels numerically analysed and compared with each other. Comparative studies done on the basis of 

performance factor parameter. 

II. NUMERICAL MODELLING 

The performance of a heat sinks may cause to use these channels in various applications include thermal management of 

battery packs, fuel cells, electronic devices, laser devices, etc. The rectangle microchannel is shown in the figure 1. 

 
Figure 1. Rectangular microchannel 

The microchannel geometrical parameters are:  

HC channel height, WC the channel width, WW the wall thickness, HG cover thickness, HB the bottom wall thickness, 

length L and Dh microchannel hydraulic diameter. The aspect ratio is the ratio of height HC to width WC (α = HC/WC).  

The first step in the computational analysis is geometric modeling of the microchannel heat sink. The micro channel has three 

layers, the middle layer represents the flow path for coolant flow and the adjacent layers represent the solid walls of the 

microchannels. Here we consider rectangular microchannel with and without having fins, in this work we consider two types short 

fins one is spherical and another one is cylindrical fin configuration. The dimensions of the three different microchannels are given 

below in the table 1. 
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Table 1. Dimensions of the microchannel heat sink 

S. No 
Name of the 

channel 

Length of 

the 

channel 

(µm) 

Width of 

the 

channel 

(µm) 

Height of 

the 

channel 

(µm) 

Depth of 

the 

channel 

(µm) 

1. 
Rectangular 

Microchnnel 25000 600 3200 1200 

The rectangular microchannel was created as per the required dimensions as shown in figure 2. 

 

Figure 2. Geometry of Rectangular microchannel and dimensions. 

2.1 Numerical method 

 Continuity, energy and momentum equations are fundamental governing equations are derived from basic principles of 

heat transfer and fluid flow. Consequently the Navier-Stoke’s equations are solved. Second order upwind is selected for the 

pressure discritization, momentum and energy equations. 

  The conjugate heat transfer analysis is considered and fluid flow inside the microchannel was numerically 

modeled. Steady state continuity, energy and momentum equations are solved, so that uniform pressure and temperature conditions 

are applied at the inlet and outlet. The convergence criteria of residue for Continuity, energy and momentum equations are 10-6 was 

taken for the study. For grid independence, three grid sizes (0.04, 0.05 and 0.06) were tested, further refinement of grid was stopped 

when variation in results upon further decrease in grid size was below 2% in lieu of computational resources and time 

The continuity, momentum and energy equations for the fluid zone are  

Continuity equation  

∇. (𝜌�⃗�) = 0 

Momentum equation 

∇. (𝜌�⃗��⃗�) = -∇𝑃 + ∇. (𝜇∇�⃗�) 

Energy Equation 

∇. (𝜌�⃗�𝐶𝑝𝑇) =  ∇. (𝐾∇𝑇) 

Energy equation for solid zone is  

∇. (𝑘∇𝑇) =  0 

2.2 Computational Modeling of MCHC 

The transfer of heat in unit cell is considered as a conjugate heat transfer problem (which combines heat of bottom wall 

to the coolant) hence a constant heat flux of 100 W/cm2 and 200W/cm2 is applied at the bottom wall of Microchannel (MC). The 

intitial temperature of water entering into the channel is at 300k. Different Reynolds numbers at 300, 500 and 800 for flow 

velocities with reference to the hydraulic diameter of 5.86*10-4 m. Here finite volume method taken for the meshing of 

microchannel. 

The following assumptions are considered for the model analysis 

i. The flow is considered as Laminar flow. 

ii. Uniform wall heat flux. 

iii. Gravitational effects are not considered. 

iv. Negligible radiation heat transfer. 

v. The flow of coolant is study and Incompressible fluid. 

vi. Variable thermo physical properties. 

2.3 Grid Independence & Validation 

Grid independency tests are carried out to identify the optimum mesh size.  Table 2 shows the mesh configuration and 

estimated Nusselt number. Decreasing the mesh size from 0.06 mm to 0.05 mm, effecting the nusselt number by 0.87% and 

further decreases to 0.04 mm size the Nusselt number by 0.11%. Hence further decreasing the mesh size increases the 

computation time but the variation in nusselt number is insignificant. Hence, it was decided to simulate the present study with 

mesh size of 0.04 mm. 
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Table 2. Mesh Configuration and estimated Nusselt Number 

Mesh Size Elements Nusselt Number (Nu) 

0.06 mm 241545 8.241 

0.05 mm 384000 8.312 

0.04 mm 797200 8.322 

For validate the adapted the numerical procedure the simulations are carried out at the experimental conditions of Y J 

Lee et.al. Fig.3 depicts the comparison of numerical data with Y J Lee et.al. Experimental data at Reynolds number of 350 - 600. 

From figure.3 it is observed that the trend of average Nusselt number is same for both present numerical data and experimental 

data. The maximum deviation observed is 4.48 % and average deviation is 1.06%. The deviation for experimental data to the 

numerical data is because of the inadequate thermocouples in the experimental setup.   

 
Figure 3. Data Validation 

III. RESULTS AND DISCUSSIONS 

The present study discusses/elaborates the thermo-hydraulic behavior of rectangular microchannel (RMC), RMC with 

Nanofluids. Numerical simulations are done to know the influence of heat flux and mass flux on the thermo-hydraulic behavior 

of each microchannel. A single micro channel path is considered for simplifying the computational simulation. Heat flux (100 

and 200 W/cm2) applied at the bottom wall. The working fluid (water) water as the base fluid and SiO2 as nanofluid, 

temperature at microchannel inlet is 300K and mass flux varied in terms of Reynolds number 300, 500 and 800 respectively. 

The results are devoted in terms of wall temperature, wall superheat, pressure drop, Nusselt number and effectiveness. In order 

to know the influence of finned channel, the data obtained is compared with the RMC. 

3.1 Average Wall Temperature 

The continuous heating of RMC bottom wall the wall temperature increases across the channel length. The increase in 

Reynolds number decreases the local average wall temperature that can be observed in fig. 4.a) and 4.b). For a fixed 

geometrical configuration and inlet temperature the Reynolds number is increased by increasing the mass flux.  

The increased mass flux increases the heat transfer between wall and working fluid and hence wall temperature was 

decreases. For example the maximum wall temperature for 100 W/cm2 heat flux is 353.72 K at Reynolds number 300. The 

wall temperature is decreased to 345.31 K at Reynolds number 800. The same phenomenon is observed at 200 W/cm2 heat 

flux (fig.4b). By using silocon oxide nanofluid, it carries more amount of heat, which results decrease in local average wall 

temperature, the average wall temperature is high at lower Reynolds number and decreases with increase in Reynolds 

number. This phenomenon observed for both heat fluxes. 

 
a)                                                                                              b) 

Figure 4. Variation of average wall temperature across the micro channel at a) 100 W/cm2, b) 200 W/cm2 
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3.2 Wall Superheat 

The relation between wall temperature and working fluid temperature is expressed in terms of wall superheat (difference 

between wall temperature and working fluid temperature), is shown in fig.5 a and 5 b. The wall superheat initially decreases 

then after increases to peak value and starts decreasing. The increased fluid temperature and decrement in wall temperature 

rise across the channel length causes such variation. It is also observed that as heat fluxes increases wall super heat increases 

and the wall super heat decreases by increasing the coolant flow rate (i.e. increase in Reynolds number).  For example the 

maximum wall superheat at Re-300 for the heat fluxes of 100W/cm2 and 200 W/cm2 are 37.60℃ and 46.45℃ respectively.  

 

  

a)                                                                                              b) 

Figure 5. Variation of wall super heat across the micro channel at a) 100 W/cm2, b) 200 W/cm2 

 

3.3 Local Nusselt Number 

The influence of cylidrical fin on local Nusselt number is depicts in Fig.6a and 6b. It is observed that the local Nusselt 

number is high when nanofluid at 0.8% by volume concentration and low at 1 % volume concentration. As the copper has more 

thermal conductivity, more heat transfer taken place hence the wall superheat decreases which results increase in local Nusslet 

number and vice versa. This phenomena is observed at both heat fluxes. Similar to the RMC the SiO2 Nanofluid RMC also 

increases the Nusselt number with the Reynolds number at both the heat fluxes. Increase of Reynolds number deceases the wall 

superheat due to more amount of heat transfer through nano metal oxides. The average maximum Nusselt number is 15.96, 

observed at Re-800, 0.8 % volume concentration, at 200 W/cm2. 

 
                                         a)                                                                                              b) 

Figure 6. Variation of local nusselt number across the micro channel at a) 100 W/cm2, b) 200 W/cm2 
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3.4 Pressure Drop 

 

Fig. 7 shows variation of pressure drop across the channel for cylindrical finned RMC at various Reynolds number and 

heat fluxes of 100 W/cm2 and 200 W/cm2 respectively. With increase of Reynolds number pressure drop increases. For a 

particular geometric configuration, RE can be increased by increasing the mass flux. The increased mass flux, the pressure drop 

across the channel also increases and it happens at both the heat fluxes. As the heat flux increases the pressure drop across the 

channel decreases. This is happened because of, as heat flux increases temperature of the coolant also increases in the channel. 

The high temperature working fluid has lower viscosity which can reduce the pressure drop along length of the channel. Here 

maximum pressure drop is observed at heat flux 100 W/cm2 at higher Reynolds number. Here the maximum pressure drop 

observed at 1% volume concentration for both the heat fluxes. 

 
Figure 7. Variation of Pressure drop vs Reynolds number across the micro channel at 100 W/cm2, 200 W/cm2 

 

3.5 Performance factor for heat flux  

Figure 8 shows the variation of thermo-hydraulic performance factor with Reynolds number at heat flux of 100 

W/cm2and 200 W/cm2 respectively. It is observed that the thermo-hydraulic performance factor is high for nanofluid RMCs, 

which proves usage of nanoparticles in base fluid has strong influence in the performance in microchannels. The maximum 

enhancement of thermo-hydraulic performance factor for SiO2 nanofluid channels are 33.09%, at 100 W/cm2 at 0.8% volume 

concentration and 34.98 % at 200 W/cm2  heat flux, 0.8% volume concentration at low Reynolds number. 

 
Figure 8. Effectiveness of a nanofluid microchannels at 100 W/cm2, 200 W/cm2 
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IV. CONCLUSION  

In the present work, numerical computational studies on thermo-hydraulic behaviour of rectangular microchannel (RMC) was 

carried out. Then after influence of nanofluid on rectangular microchannel (RMC) is investigated. 3D, CFD models were 

developed on ANSYS 16.0 software and analysis was carried out by varying the heat and mass flux’s (in terms of Reynolds 

number). The conclusions drawn from the present study are as follows. 

1. The developed computational model was validated with Yong-Jiun Lee et al experimental work and this procedure was 

successfully used to analyse the thermo-hydraulic behaviour of RMCs.  

2. Significant wall temperature reduction has been observed for nanofluid RMCs as compared to RMC.  

3. Heat transfer performance of nanofluid RMCs is significantly increased. So the wall superheat decreases. Among the 

different volume concentrations 0.8% SiO2 nanofluid RMC has lower wall superheat than RMC at all imposed operating 

conditions.  

4. Pressure drop is increased for the nanofluid RMCs. However, by considering the pressure drop penalty there is 

significant enhancement in the Nussle number. The average Nusselt number increases with increase in pressure drop as 

well as heat flux. 

5. The maximum enhancement of thermo-hydraulic performance factor for SiO2 nanofluid channels are 33.09%, at 100 

W/cm2 at 0.8% volume concentration and 34.98 % at 200 W/cm2  heat flux, 0.8% volume concentration at low Reynolds 

number. 
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