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Abstract— Heat removal has become an important factor in 

the advancement of microelectronics due to drastically 

integrated density of chips in digital devices and increased 

current-voltage handling capability of power electronic 

devices. For thermal management, various types of cooling 

methods for microelectronics devices have been developed. 

Examples include extended surface (fins), the highly parallel 

air and liquid impingement systems, modular internal 

conduction enhancement and indirect and direct liquid 

cooling with water and dielectric coolants. The 

implementation of manifold microchannel heat sink, cooling 

micro heat pipes, pool boiling, multiphase flow, liquid metal 

heat sink and microchannel heat sink are also proposed for 

the cooling solution in microelectronics. The present work 

addresses electronic chips cooling with forced convection of 

alumina-water (ɸ=2.5%) in copper based single 

microchannel heat sinks by the help of CFD software 

FLUENT.         
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I. INTRODUCTION 

Among the novel methods for thermal management of the 

high heat fluxes found in microelectronic devices, 

microchannels are the most effective at heat removal. The 

possibility of integrating microchannel directly in to the heat 

generating substrates makes them particularly attractive. The 

two important objectives in electronics cooling, minimization 

of the maximum substrate temperature and reduction of 

substrate temperature gradients can be achieved by the use of 

microchannel. Studies on microchannel flows in the past 

decade are categorized in to various topics such as 

temperature, heat transfer in microchannel, Nusselt number, 

heat flux, comparison with flow in conventional channels, 

investigation of single phase and two-phase flows in 

microchannel, minichannels and small tubes, gas flow in 

microchannels, analytical studies on microchannel flows and 

design and testing of microchannel heat sinks for electronics 

cooling. 

II. MODELING AND MESHING 

A numerical model was formulated to solve the three-

dimensional heat transfer in microchannel using the 

commercial CFD software packages; FLUENT GAMBIT is 

a physical domain creation and discretization (meshing) 

software, which is easily detected by 3-D FLUENT solver 

interface. The model constructed in gambient. The interior 

microchannel is meshed with double spacing technique. Then 

the 2-D face is generated by PAVE meshing technique Fig.2. 

The 3-D meshing is done by using Cooper method of grid 

generation. The grid system has 10 nodes in the x-direction, 

20 nodes in the y-direction and 50 nodes in the z-direction 

.The microchannel inner faces are declared as the walls and 

other walls are declared as walls with insulation boundary but 

the bottom most is declared as constant heat flux boundary. 

Similarly the microchannel is declared as the fluid zone and 

the rest is declared as solid zone. This declaration helps to 

detect and recognize in FLUENT for boundary condition and 

zone assignment. The mesh generated in the GAMBIT is 

exported to FLUENT 3-D solver after assigning the inlet, 

outlet and all the faces of the computational domain.  

 
Table 1: Geometric dimensions of the single microchannel 

 
Fig. 1: Optimum grid system of complete model. 

 
Fig. 2: PAVE meshing of the rectangular hollow solid    

channel surrounding the fluid region. 

III. BOUNDARY CONDITIONS 

The governing equations are continuity, momentum and 

energy equations, which are derive from fundamental 

principles of heat and fluid flow. Here no-slip assumptions 

are made. For a steady, fully developed laminar flow is 

considered. .If the whole unit cell is chosen as a unitary 

domain. The velocity is zero at all boundaries except the 

channel inlet and outlet. Adiabatic boundary conditions are 

applied to all the boundaries of the solid region except the 

heat sink bottom wall, where a constant heat flux is applied. 

At inlet, the liquid temperature is equal to a given constant 

inlet temperature. The flow is assumed to be thermally fully 

developed at the channel outlet. 
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Table 2: Thermophysical Properties of fluid 

 
Table 3: Thermophysical Properties of solid 

Inside the microchannel the temperature of fluid 

rises up to 398.7K in case of 10 kPa due to low liquid 

velocity, a large portion of the heat is conducted in to the front 

part of the heat sink and in case of 50 kPa, the temperature 

rises up to 313.9K, due to high liquid velocity, a small portion 

of heat is conducted in to the front part of the heat sink at 

constant inlet temperature 293K as shown in Fig. 3. 

 
Fig. 3: Liquid temperature distributions inside the channel in 

x-y plane for ∆p = 50 kPa and q"= 90 W/cm2. 

The maximum velocity is obtained at the side of the 

channel outlet and minimum velocity is found at the center. 

Velocity vectors at outlet of channel for pressure difference 

of 50 kPa and heat flux of 90 W/cm2 shown in Fig. 4. 

 
Fig. 4: Velocity vectors at outlet of channel in x-y plane at x 

= 57μm for p = 50 kPa and q"= 90 W/cm2. 

IV. RESULTS AND DISCUSSION 

There is an average heat flux distributions at side, bottom and 

top walls of microchannel heat sink as shown in fig.5. 

 

 
Fig. 5: Average heat flux distributions at side, bottom and 

top walls along channel length in x-y plane for p = 50 kPa at 

q"= 90 W/cm2. 

As the heat flux increases the average heat transfer 

coefficient increases along the channel length because of 

growing boundary layer thickness and it increases in the 

entrance portion due to thin boundary layer for different heat 

flux of magnitude 50 W/cm2 , 90 W/cm2 and 150 W/cm2 as 

shown in Fig. 6 

Fig. 6: Axial variations of average heat transfer coefficient 

in x-y plane for different heat fluxes at p = 50 kPa. 

V. CONCLUSION 

The highest temperature is obtained at the channel outlet in 

case of 10 kPa at constant heat flux of 90 W/cm2, because of 

low velocity of fluid flow. At heat flux q"= 150 W/cm2.  The 

highest temperature is obtained at the channel outlet at 

constant pressure drop of 50 kPa. As the heat flux increases, 

the outlet temperature goes on increasing because the fluid 

gets heated up more and more due to convective heat transfer. 

The maximum temperature of fluid rises in case of 10 kPa due 

to low liquid velocity and minimum temperature rises in case 

of 50 kPa due to high liquid velocity inside the microchannel 

at constant inlet temperature 313.9K.  

 The average heat transfer coefficient variations decreases 

along the flow direction due to growing boundary layer 

thickness and extremely high at the entrance region due 

to the very thin local boundary layer.  

 The heat flux at the channel side wall is higher than the 

channel bottom and top walls due to short distance 

between the solid walls and the large velocity gradient 

present. 
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