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Abstract. In this study, cooling performance of copper material based microchannel heat sink 

was investigated using two different approaches which are CFD and Analytical. Microchannel 

heat sink with two different cross-sectional geometries of rectangular and square was considered 

for the present study. In the present work CFD simulation is carried out using two different 

cooling fluids which are liquid water and water-Al2O3 nanofluid. Nanofluid volume fraction of 

0.3% was used for present study. Re number in between 200-1000 was used for the present study. 

For CFD simulation purpose heat sink of dimension of 25.4mm×25.4mm×2.384mm is 

considered in the study. Boundary condition of constant heat flux is assumed by providing heat 

flux at constant rate at bottom of the assembly. To compare between square and rectangular cross 

section microchannel heat sink, the hydraulic diameter is kept same in both the cases and CFD 

simulation was conducted. With using water- Al2O3 nanofluid as the working fluid the 

rectangular cross section is showing better performance in terms of cooling as compare to the 

square cross section. Drop in pressure results in rectangular section calculated using water Al2O3 

nanofluid using both CFD and Analytical approach are in good agreement with difference of 

13.4% 

Keywords: Computational fluid dynamics, Heat transfer, Microchannel heat sink, ICEM-Fluent 

CFD.  

1. Introduction 

In this modern era, use of smaller and compact devices has been increased tremendously. Modern 

computers that uses smaller electronic devices is the best example of it. Along with using this device, 

the problem of dissipation of heat has been increased also as if it is not removed then it might damage 

the component. Many researchers have presented their work regarding effective heat transfer and faster 

cooling of these devices so as to protect these devices using microchannels and minichannels. 

Microchannel and minichannel heat sink study has been carried out in various literature using different 

working fluids and different geometries for investigating the cooling performance and enhancing the 

heat transfer rate. [1] presented thermodynamic investigation results in circular tube for fully developed 

turbulent forced convection with water-𝐴𝑙2𝑂3 nanofluid using entropy generation minimization method. 

Volume fraction of nanofluid in range of 0% to 6% was used and Reynolds number ranging from 5000 

to 180000 were used. Using velocity and temperature fields obtained during CFD analysis the entropy 
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generation rates were numerically determined. It has been proved that at each Reynolds number there is 

a cross sectional area which is optimum for which there is minimum entropy generation in tube and as 

with increase in Reynolds number the optimal area of cross section increases. [2] investigated nanofluid 

application on the system of parabolic trough collector. Using 𝐴𝑙2𝑂3/synthetic oil nanofluid and using

Finite Element Method the multifield coupling simulation of PTC system was implemented for 

performance investigation. The 𝐴𝑙2𝑂3 particle concentration effects on PTC system were also studied.

Good agreement was observed between experimental data and numerical results. Using 𝐴𝑙2𝑂3/synthetic

nanofluid there is a great reduction in absorber maximum temperature and temperature gradient. [3] 

explored effects of various aspects which include heat source/sink location, number of tubes, average 

Nusselt number, Rayleigh number, volume concentration. By employing Finite Volume based control 

volume technique, governing equations are numerically solved. In the studied cavity, considerable 

enhancement in heat transfer was observed using nanofluids. [4] presented numerical study results of 

parabolic trough solar collector of high concentration ratio on the thermodynamic and thermal 

performance. In this study, 80° rim angle and 113 concentration ratio parabolic trough system was used.

The thermal physical properties temperature dependency have been considered for both copper 

nanoparticles and base fluid. The combination of CFD and Monte-Carlo ray tracing procedures was used 

in numerical analysis. [5] numerically investigated different microstructures microchannels with forced 

convection heat transfer. In microstructural grooves vortices will appear. Using Nusselt number the 

microchannel geometries influence on performance of heat transfer was evaluated. The highest heat 

transfer performance was possessed by microstructure with V shaped groove. 

[6] investigated numerically forced convection heat transfer of laminar flow in corrugated

channel of trapezoidal section using copper water nanofluid. The Reynolds number ranging between 100 

to 700 and volume fraction of nanoparticles in range of 0% to 5% was considered. The geometrical 

parameter effects like corrugated channel wavelength and amplitude have been presented. It was 

observed that with increasing volume fraction of nanoparticles the average Nusselt number increases 

with increase in pressure drop. [7] studied microchannel and minichannel using single phase liquid flow. 

Microscale liquid flow fundamental issue was addressed by author and relation for single phase liquid 

flow pressure drop calculations were given. Researchers in [8] conducted investigation experimentally 

and explored conventional sized channel based classical correlation validity for predicting single phase 

flow thermal behaviour in rectangular microchannel. Width of microchannels considered ranged 

between 194µm to 534µm. Deionized water was used for analysis with Reynolds number ranging from 

300 to 3500. Classical and continuum approach based numerical predictions and experimental data were 

found to be in good agreement with showing 5% of average deviation. [9] used three nanofluid types 

namely carbon nanotubes-Ga, copper-Ga, diamond-Ga and carried out natural convection investigation 

of enhancement of heat transfer and generation of the entropy in cavity which is differentially heated. In 

this volume fraction of nanofluids is in between 0.01 to 0.15. Model of two-phase mixture is used for 

simulation of the nanofluid flow. Results showed that with Grashof number increment local entropy 

generation, heat transfer and convective intensity increases. [10] studied numerically heat transfer and 

analysis of fluid flow in channel having blocks at bottom wall. Nanofluid is used in this study. Channel 

inlet temperature of fluids are taken less than walls. Using control volume approach the governing 

equations are solved numerically. Results concluded that by using blocks on hot walls and using 

nanoparticles there is enhancement in channel heat transfer. By simulation, upto 60% enhancement in 

channel heat transfer is shown due to nanoparticles and blocks.  

[11] investigated experimentally Foam/NEPCM composite heat transfer with phase change

with foam porosity effect consideration. 47° Wall temperature reduction is provided which is maximum

by Foam/NEPCM composite as compared to pure NEPCM. [12] employed CFD approach and studied 

serpentine tube heat exchanger for thermo hydraulic performance extensive exploration. The volume 

flow rates in the range of 1L/min to 5L/min was used. The 𝐴𝑙2𝑂3/water based nanofluid influence was

broadly studied on thermo hydraulic performance using 1%, 3% and 5% nanoparticles concentrations. 

Higher performance of heat transfer was provided as compared to other cases using low to high 

serpentine tube. At the expense of pressure drop which is negligible the higher coefficient of heat transfer 
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was provided using nanoparticles which are highly concentrated. [13] showed that by swirl flows, 

vortices and thermal boundary layer subsequent breaking the heat exchanger thermal efficiency is 

augmented by vortex generator. For this numerical study which is 3D validated vortex generator of 

triangular winglet type is selected. Working fluids which are air, water and nanofluids of two different 

types are analyzed with vortex generator which is non-central. [14] showed that less important role is 

played by 𝑂2 and 𝑆𝑂2 in water and MEA losses than evaporation. For capturing 𝐶𝑂2 ionic liquids at

room temperature are proposed potential candidates recently. IL to MEA aqueous solution addition 

reduced MEA and water losses. [15] stated that in many industrial applications the essential tool is 

surface cooling. In enhancement of heat transfer the important factor is area of the wetted surface 

utilization effectively. The vortex generator surface texture effects on vortex dynamics and heat transfer 

are studied, with pressure drop which is minimal the surface temperature found to reduce by vortex 

stretching. [16] have presented their work in microchannel heat sink using microchannel with rectangular 

and square cross section keeping the hydraulic diameter same in both of the cross sections. Liquid water 

was used as a cooling medium. As comparing with microchannel with square cross section, the better 

cooling performance was shown by rectangular cross section. In the present study, microchannel heat 

sink with rectangular and square cross section are considered and studied using two different types of 

fluid which are liquid water and water-𝐴𝑙2𝑂3 nanofluid of 0.3% volume fraction. Using CFD approach

both the cross sections are compared using both of the cooling fluids. 

2. Physical Model & CFD Simulation

Figure 1. Rectangular microchannel heat sink model with meshing 

CFD is a tool which is used to solve many engineering problems which involves fluid flow and heat 

transfer. CFD stands for Computational Fluid Dynamics. To get the heat sink machining was done on 

square block of copper with dimensions of 25.4 length, 25.4mm width and 70mm height. Now the 

dimension of rectangular section are considered to be 25.4mm length (L), 25.4mm width (W) and 

2.384mm height (H) for CFD analysis in the present study. The rectangular section dimensions are same 

as that in [8]. There are N=10 straight parallel rectangular cross section microchannels in microchannel 

heat sink block same as that used in [8], but in the present study for CFD work, one rectangular cross 

section was considered and analysis was conducted as shown in Figure 1. The results obtained by CFD 

analysis of the rectangular and square heat sink was studied by using same hydraulic diameter in both 

the cases. The cooling fluids used in both the cases were liquid water and water-𝐴𝑙2𝑂3 nanofluid of 0.3%

volume fraction. The results of both the cross sections were compared using two cooling fluids 

mentioned. Re number was considered from 200 to 1000 for both of the cross sections. 

Table 1. Dimensions of Rectangular and Square cross sections 

Microchannel 

Dimensions 
𝑫𝒉 Height Width 

Rectangular 0.318 mm 𝐻𝑟=0.884 mm 𝑊𝑟=0.194 mm

Square 0.318 mm 𝐻𝑠=0.318 mm 𝑊𝑠=0.318 mm

Re
tra

ct
ed



ICCMES 2021
IOP Conf. Series: Materials Science and Engineering 1145  (2021) 012093

IOP Publishing
doi:10.1088/1757-899X/1145/1/012093

4

The dimensions and notations used in table 1. Are same as those which were used in [16]. As shown in 

Figure 1. The fluid flows from inlet to outlet through the rectangular cross section microchannel. 

Constant heat flux was provided at bottom of the heat sink so that heated assembly temperature was 

brought down by cooling fluid by increment in temperature of cooling fluid from inlet to outlet. Using 

ICEM-CFD module the meshing of the assembly was done. Using GSF of 6 and tetra/mixed mesh type 

meshing was done. GSF stands for global scale factor. Fluent_V6 output solver and ANSYS solver was 

used. Keeping mesh density same the solid and fluid zones were meshed. The ICEM output was used 

and then using fluent software further analysis was done. It used navier stokes equation to solve the 

problem related to heat transfer and fluid flow. While analysis viscous laminar flow was selected and 

energy equation was kept on. Copper was selected as solid material. 

3. Boundary conditions and assumptions:

1. Single phase laminar flow was used.

2. Working fluid and solid properties were treated as constant.

3. Three dimensional steady state fluid flow was considered.

4. Velocity values of 0.8149m/s, 1.6298m/s, 2.444m/s, 3.2596m/s, 4.0745m/s were obtained for

Reynolds number of 200, 400, 600, 800, 1000 respectively using water-𝐴𝑙2𝑂3 nanofluid of 0.3%

volume fraction.

5. Outlet pressure was considered to be 0 Pa guage with pressure outlet condition.

6. 450000 W/𝑚2 heat flux was provided at bottom.

7. Insulation was considered at assembly top surface.

The further analysis was done using CFD post processing section. 

Figure 2. Temperature variation in rectangular cross section microchannel at 200 Reynolds 

number using water Al2O3 nanofluid of 0.3% volume fraction Re
tra

ct
ed



ICCMES 2021
IOP Conf. Series: Materials Science and Engineering 1145  (2021) 012093

IOP Publishing
doi:10.1088/1757-899X/1145/1/012093

5

Figure 3. Temperature variation in rectangular cross section microchannel at 1000 Reynolds 

number using water-𝐴𝑙2𝑂3 nanofluid of 0.3% volume fraction

Figure 2 and Figure 3. Represent temperature variation in rectangular cross section microchannel. As 

heat flux at constant rate was supplied at bottom of the assembly the assembly gets heated which is 

cooled by the working fluid flowing from inlet to outlet through the rectangular microchannel. 

Figure 4. Temperature variation in square cross section microchannel at 200 Reynolds 

number using water Al2O3 nanofluid of 0.3% volume fraction 

Figure 5. Temperature variation in square cross section microchannel at 200 Reynolds 

number using water-𝐴𝑙2𝑂3 nanofluid of 0.3% volume fraction
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Figure 4 and Figure 5. Represent the temperature variation in the square cross section microchannel. 

Fluid temperature increases as flows from inlet to outlet by absorbing heat from the heated assembly and 

it cools down the heated assembly. 

4. Data Reduction from CFD Results

Figure 6. Rectangular microchannel heat sink front view 

The Figure 6 was taken from [16]. Heat transfer takes place from the heated assembly to the cooling 

fluid by forced convection as fluid is flowing with certain velocity. For conduction CFD analysis, 2 

zones were created namely solid and fluid zone. Lines were created in the assembly, 3 in fluid and 1 in 

solid part. From inlet to outlet the 3 lines were created at fluid section, one at top, one at middle and one 

at bottom. 

Temperature difference between fluid inlet and outlet temperatures, 

(∆𝑇)𝑓 = 𝑇𝑓,𝑜−𝑇𝑓,𝑖   (1) 

The average temperature of fluid was given as, 

𝑇𝑓,𝑎𝑣𝑔= (𝑇𝑓,𝑖+𝑇𝑓,𝑜)/2 (2) 

Average fluid temperature and average wall temperature difference was given as, 

(∆𝑇)=𝑇𝑤,𝑎𝑣𝑔 − 𝑇𝑓,𝑎𝑣𝑔 (3) 

Mass flow of the fluid passing through the microchannel was calculated as, 

ṁ=𝜌𝐴𝑐𝑠𝑉 (4) 

The hydraulic diameter is given as, 

𝐷ℎ=(4𝐴𝑐𝑠)/P (5) 

The formula for Reynolds number is, 

Re=( 𝜌𝑉𝐷ℎ)/µ (6) 

Heat absorbed by the cooling fluid as it flows through the microchannel is given as, 

Q= ṁ𝐶𝑝(∆𝑇)𝑓 (7) 

And the heat transfer coefficient associated with the above forced convection heat transfer process is 

given as, 

Q=h𝐴𝑠(∆𝑇) (8)
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All Equations from (1)-(8) used are same as those which were used in [16]. 

5. Results & Discussions

Microchannel with different cross sections was used and between them comparison was conducted using 

liquid water and water-𝐴𝑙2𝑂3 nanofluid of 0.3% volume fraction as a cooling medium. With both of the

fluids the rectangular cross section was better with respect to the heat transfer as that of square cross 

section. 

Figure 7. Comparison of heat transfer coefficient in rectangular microchannel using liquid water and 

water-aluminium oxide nanofluid 

As shown in Figure 7. The values of heat transfer coefficient expressed in W/𝑚2K obtained for

rectangular microchannel using nanofluid are higher compared to the values obtained with liquid water. 

The heat transfer coefficient values for rectangular microchannel using liquid water at Reynolds number 

of 600, 800 and 1000 are taken from [16]. The percentage increase in heat transfer coefficient using 

nanofluid in rectangular microchannel was observed to be 49.5%, 43.09%, 43.3%, 44% and 45% for 

Reynolds number of 200, 400, 600, 800 and 1000 respectively and average percentage increment of 

45%. 

Figure 8. Comparison of heat transfer coefficient in square microchannel using liquid water and 

water-aluminium oxide nanofluid 
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As shown in Figure 8. In each case the nanofluid is giving better heat transfer coefficient values 

expressed in W/𝑚2K as compared to the liquid water in square cross section microchannel. The heat

transfer coefficient values at Reynolds number of 600, 800 and 1000 for square cross section using liquid 

water are taken from [16]. The percentage increase in heat transfer coefficient values using nanofluids 

as compare to using water for Reynolds number of 200,400, 600, 800 and 1000 in square microchannel 

was observed to be 44%, 42.9%, 42%, 42% and 42% respectively with average percentage increment of 

42.5%. 

Figure 9. Comparison of heat transfer coefficient in rectangular and square microchannel using water-

aluminium oxide nanofluid 

From Figure 9. We can conclude that rectangular microchannel is giving better performance as 

that of square section while using nanofluid as cooling medium. The percentage increase in heat transfer 

coefficient values expressed in W/𝑚2K using rectangular microchannel as compared to square using

nanofluid as a cooling medium was observed to be 31.6%, 31%, 29%, 26.7% and 24% for the Reynolds 

number of 200, 400, 600, 800 and 1000 with average percentage increment of 28.4%.  

Figure 10. Pressure drop values in rectangular cross section using water-aluminium oxide nanofluid 

The values of pressure drop in Pa are expressed in Figure 10. Using CFD and Analytical approach. With 

the flow pressure drop increases because of the frictional head loss. The analytical values of pressure 

drop are calculated using formula given in [7]. The percentage variation between the pressure drop 

values obtained using CFD Analytical approach for Reynolds number of 200, 400, 600, 800 and 1000 

was observed to be 3.05%, 10%, 15.2%, 19.12% and 19.9% with average variation of 13.4%.   
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6. Conclusion

Present study was conducted using liquid water and water-𝐴𝑙2𝑂3 nanofluid with 0.3% volume fraction. 
As compared to liquid water the nanofluid is showing better heat transfer performance. The rectangular 

is better to use as compared to square cross section microchannel as heat will be effectively removed by 

rectangular cross section because heat transfer coefficient values obtained are higher for rectangular than 

square cross section. 

1. Average percentage increment in heat transfer coefficient values in rectangular microchannel with

water-𝐴𝑙2𝑂3 nanofluid as cooling medium as compared to the liquid water was obtained to be 45%.

2. Average percentage increment in heat transfer coefficient values in square microchannel with

water-𝐴𝑙2𝑂3 nanofluid as cooling medium as compared to the liquid water was obtained to be

42.5%.

3. Average percentage increment in heat transfer coefficient values in rectangular microchannel as

compared to the square microchannel with water-𝐴𝑙2𝑂3 nanofluid as cooling medium was obtained

to be 28.4%.

4. Average pressure drop variation in rectangular microchannel with water-𝐴𝑙2𝑂3 nanofluid as cooling

medium using analytical and CFD approach was observed to be 13.4%.

So it is better to use rectangular as that of square microchannel and nanofluid as compared to liquid

water.
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