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Abstract— The micro-channel heat sinks (MCHS) are used in 

sophisticated cooling systems to meet the cooling 

requirements of electronic equipment fitted with high-

performance integrated circuits, such as computer chips. In 

order to increase the effectiveness of heat exchange in 

MCHS, various types of micro-channel designs have been 

created. In this study, a three-dimensional micro-channel heat 

sink has dimensions of 18mm6.2mm0.5mm. the effective use 

of boehmite aluminium nanoparticles with the base fluids, 

water, ethylene glycol, etc. The micro channel heat sink 

includes numerical analyses of several MCHS designs with 

thermohydraulic efficacy. Throughout the micro channel heat 

sink, various MCHS designs are analyzed numerically. The 

Navier-Stokes solution and the energy equation are solved 

using the finite-volume method, and the hemodynamic and 

heat efficiencies of the micro channel heat sink is calculated. 

The results show that the MCHS's triangular design has the 

maximum heat transfer coefficient, and while its rectangular 

shape has the lowest heat transmission value. When the 

velocity is altered, the mean bottom surface temperature for 

both MCHS shapes decreases, increasing efficiency. The 

triangle shape of the MCHS establishes the lowest 

temperature. The triangle shape of the MCHS results in the 

highest pressure drops, whereas the rectangle shape results in 

the lowest pressure drops. MCHS has a low thermal 

resistance due to its triangle shape, but it has a high thermal 

resistance because to its rectangular shape. The rectangle-

shaped MCHS produces the maximum temperature and 

dissipates the most heat when comparison to the triangle-

shaped MCHS. the entire study is carried out by 

commercially available software ANSYS FLUENT. 

Keywords: Nanofluid, Thermohydraulic Performance, 

MCHS Shape, Microchannel Heat Sink, Boehmite Alumina 

Nanoparticles 

I. INTRODUCTION 

Despite significant growth in recent years, electronics in 

industrial and semiconductor technology still have some 

critical issues related to cooling their high-performance 

products. and high heat flux. Knight et al. [1] explored the 

governing equations for heat transport and fluid dynamics 

The current research demonstrates that laminar solutions give 

lower thermal resistance than turbulent solutions when the 

pressure drops in the channels are too tiny. Satish G. 

Kandlikar [3] analyzed production and thermal development 

Microchannels are employed in huge heat flux cooling 

applications and in microelectronics machinery. There are 

almost no dimensional restrictions for building ducts for heat 

transfer applications, as is made known. Therefore, in order 

to achieve the necessary efficiency and reciprocity, electronic 

devices require high efficiency modern methods and fluids 

with excellent heat transmission. Elena V. Timofeeva and 

Dileep Singh [5] Aluminum nanomaterials are employed in 

liquids in two distinct forms, and their heat conductance and 

viscous have been examined. 

 The results of the studies suggest that one of the 

most efficient methods for new digital conditioning were 

micro - channels fluid conditioning devices. Suabsakul and 

Gururatana [7] It was discovered that due to the quick 

advancement in technology, the energy capacity of gadgets is 

increasing. This scientific report's goal is to examine a micro 

- channels chiller. Outcomes Whenever the Reynolds value 

exceeds 125, a micro - channels heatsink improved heat 

transfer is beneficial. The foundation of the microfluidic 

chiller is the utilization of cooling water in pipes with a thin 

wall. The heat exchange rate is increased by the larger area 

that these thin metal vias offer for warmth to flow between 

both the chips as well as the cooling. Kumar Sanjeev and 

Pawan Kumar Singh [18] A computational study is conducted 

to use a unique air intake technique with three various input 

and output degrees, including (θ = 90°, 105°, and 120°), to 

reduce the poor fluid flow and improve the thermal 

performance of a micro heatsink. The writer came to the 

conclusion that if fluid reaches a manifolds collector with just 

an inlet direction of = 105°, the efficiency inside the micro 

coolers could be increased. Bahiraei Mehdi and Ali Monavari 

[19] an MCHS is used to investigate the thermal performance 

of an unburned hydrocarbons aluminum nanofluids with 

varying particle morphologies. This research is conducted on 

the ordinary bottom heat flux wall for any and all pore 

structures was found to decrease as the Reynolds number 

rises for 5 distinct nanomaterials for different Reynolds 

number. This resulted in improved thermal performance. 

Waqas, Hassan, et al [20] Researched found that now the 

electronics industry was revolutionized by the emergence of 

electronic gadgets in the final decade of the 20th century. Such 

gadgets warm up from constant operations with small non, 

which lowers its efficiency of damages its components. 

II. MICROCHANNEL HEAT SINK CONFIGURATION 

 
Fig. 1: Schematic of the rectangular microchannel heat sink 
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Fig. 2: Main dimensions for one quadrant of the geometry of 

rectangular MCHS 

 
Fig. 3: Schematic of the triangular microchannel heat sink. 

 
Fig. 4:Main dimensions for one quadrant of the geometry of 

triangular MCHS 

 An exterior flow challenge pertains to a computing 

domain's characteristics. Software named Solid Works 2015 

Design Modeler is used to create the two issues of geometry 

solid models. Coolant fluid is flowing via two various channel 

forms, such as rectangles and triangles, alternatively. The 

basic dimensions of the geometries under study are shown in 

Fig. 1,2,3 and 4. As is evident, just one geometrical quarter is 

taken into account. because of symmetrical the current work 

takes the Boehmite Nano fluid as its focus. three distinct 

velocities (1.35 m/s, 1.73 m/s, and 2.15 m/s), two forms 

(rectangle and triangular), as well as an ethylene glycol-water 

base fluid. The concentration of the nanofluid, which would 

be presumed to be constant, is equal to 1%. also lists the 

thermophysical properties of the base fluid and the 

nanoparticles. Inside the verification, a directly rectangle 

MCHS with dimensions of 18 mm, 6.2 mm, and 0.5 mm was 

employed as the layout. 

III. GOVERNING EQUATION 

The governing equation for with this model is as follows, 

according to the assumptions. 

Continuity Equation: 
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Energy equation for fluid domain: 
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Energy equation for solid domain: 

ks (
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∂z2 ) = 0                                        (6)             

 Where, correspondingly, T, P, and v stand for 

temperature, pressure, and velocity. Additionally, k stands for 

thermal conductivity and Cp for specific heat. Ρ and µ denote 

the base fluid's density and dynamic viscosity, respectively. 

IV. DATA PROCESSING 

Density and specific heat of nanofluids are calculated using 

equations (7) and (8) 

ρnf = ρf (1-𝜙) +ρnp𝜙                                   (7)        

(cp)nf = 
(𝟣−ϕ)(ρcp)f + ϕ(ρcp)np

ρnf
                            (8)            

where the nanofluid concentration is represented by the 

symbol φ, Additionally, the symbols for nanoparticles, 

nanofluid, and base fluid are  np, npand nf. 

 To get the nanofluid's thermal conductivity, use formula (9). 

𝑘nf =  
knp +(n−1)kf −(n−1)(kf −knp)ϕ

knp + (n−1)kf + ϕ(kf −knp)
 × 𝑘f                    (9)   

           n= 
3

ᴪ
        n =

3

0.4904
= 6.11 

 where the shape factor n is represented by (n = 3/) 

and the magnitude of ψ 

To get the viscosity of the nanofluid is calculated using 

Equation (10) 

(𝜇)nf = μw(1+2.5𝜙)                                                 (10) 

V. BOUNDARY CONDITIONS 

 
Fig. 1: Boundary conditions 

The boundary conditions for such MCHS again for empirical 

studies on the relationship are shown in Fig. 5. As you'll see, 

just one quarter of this design is being studied because it is 

symmetry. Based on the illustration, all planes are adiabatic, 

and the heat load of a bottom wall MCHS is set at 1000 

kW/𝑚2. The velocity field for the intake is likewise selected 

to be uniform, as well as the temperatures at the nano - fluids 

intake is considered to be homogeneous and has a range of 

300 K. Additionally, the output pressure of the MCHS is the 

same as atmospheric pressure. Additionally, the present 

research employs laminar flow and takes into consideration 

the anti-slip requirement for all solid walls. Speed at the 

entrance was provided by the proper shape possessing. 
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Inlet Temperature 

(K) 

Inlet Velocity 

(m/s) 

Heat flux 

(kW/𝑚2) 

Pressure 

(pascal) 
Wall Models Materials 

300 
1.35, 1.73 and 

2.15 
1000 

Gauge 

pressure 

No slip, 

adiabatic 

Energy - ON 

Viscous- Laminar 

Fluid -Nanofluid 

Solid-Aluminum 

Table 1: Boundary conditions 

VI. GRID INDEPENDENCE STUDY 

Sr. No. 
Numb er 

of grids 

Total 

pressure 

(kPa) 

Heat transfer 

coefficient 

(W/m²K) 

Case 1 1424977 13.54 25665.39 

Case 2 1676264 13.62 25889.86 

Case 3 1901178 13.904 26100.161 

Case 4 2233069 14.061 26237.32 

Case 5 2702011 14.315 26527.84 

Case 6 3363409 14.380 26704.54 

Case 7 4266095 14.552 26970.15 

Case 8 5499475 14.464 26973.18 

Table 2: Grid independence study 

For the governing equations to stream in MCHS, a finite 

volume discretization method is selected. Again, for 

resolution of the mass, momentum, and energy expressions, a 

second-order upwind strategy is used, and the semi- implicit 

technique for pressure-linked equations. Method is taken into 

consideration for the pressure-velocity coupling. It is 

anticipated that all variables in the governing equations will 

converged at a rate of complete the computing cycles. The 

findings of the analysis of the meshes again for survey's most 

recent findings are compiled in Table 2. When clean water is 

introduced at a speed of 1 m/s, the mesh study is taken into 

account. A 1000 kW/𝑚2 heat source is also taken into account 

for the bottom surface. The metrics outlet temperature outlet 

velocity, outlet temperature decreases, and heat transfer 

coefficient (h) are employed. the mesh investigation. As 

shown in Table 1, as the number of mesh elements increases 

above 42,66,095, there is no development takes as in pressure 

drop, outlet temperature, outlet velocity, or h. Consequently, 

this grid is chosen for additional computations. 

VI. VALIDATION 

 
Fig. 6: comparison between the data of the present study and 

those presented by MehdiBahiraei, Ali Monavari 

By contrasting the current research with the Mehdi Bahiraei 

and Ali Monavari literature study, the validity of the rectangle 

microchannel is established. In contrast to the findings of the 

current investigation for pure water, Fig. 6 displays the average 

Nusselt number against pressure drops or decrease. Inside the 

verification, a directly rectangle MCHS with dimensions of 18 

mm, 6.2 mm, and 0.5 mm was employed as the layout. 

Additionally selected for evaluation are stream velocity of 

1.35, 1.73, and 2.15 m/s, which result in pressure decreases of 

25 kPa, 35 kPa, and 50 kPa, respectively. Figure 5 illustrates 

how the statistics from the current numerical method are 

consistent with Mehdi Bahiraei and Ali Monavari. 

VII. RESULTS AND DISCUSSION 

Numerical analysis is performed on two different shapes of 

microchannel heat sink such as rectangular and triangular 

MCHS are explored at three different velocities is to carried 

out to estimate maximum heat dissipation. 
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Fig. 7: Maximum temperature contour of bottom wall for 

the rectangular shape of MCHS at different velocities a)1.35 

m/s b) 1.73 m/s c) 2.15 m/s. 

 The bottom wall maximum temperature contours for 

the rectangular MCHS of nanofluid with various 

nanomaterials moving at various speeds are shown in Fig. 7 

By increasing the velocity, the temperature of the bottom 

surfaces is decreased. As seen in the image, the rectangle 

MCHS's bottom wall recorded the highest temperatures, 

which is 336K. The liquid temperatures rise as well as the 

designated heat flow is dissipated as a result of the channel's 

slow fluid velocity. When the velocity increases the bottom 

wall temperature will be decreases. 

 

 

 
Fig. 8: Maximum temperature contour of bottom wall for 

the triangular shape of MCHS at different velocities a)1.35 

m/s b) 1.73 m/s c) 2.15 m/s. 

 The bottom wall maximum temperatures profiles for 

the triangle MCHS of the nanofluid with the different 

nanomaterials at various velocity values are shown in Fig.8. 

By increasing the velocity, the temperature of the bottom 

surfaces is decreased. Table 5.4 shows that triangle MCHS's 

bottom wall had a highest temperature of 321.41K. For the 

triangular MCHS, temperature would drop from of the 

bottom wall when velocity rises. Fig 8.a, 8.b, and 8.c show 

that a rise in velocity results in a decrease in the MCHS heated 

wall. 
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Fig. 9: Velocity path line of rectangular MCHS at different 

velocities a)1.35 m/s b)1.73 m/s c)2.15 m/s 

 velocities profiles for the nanofluid with rectangular 

shape of MCHS at various velocity values at the MCHS's mid 

- plane. Keep in mind that now the flow is upward from of the 

bottom. As can be seen, the expansion of the boundary layer 

slows down as the Re increases, intensifying the flow's 

mixture and causing an increase in the heat transfer 

coefficient. As the input velocities increases output velocities 

and maximum velocities increases. 

 

 

 
Fig. 10: Velocity path line of triangular shape of MCHS at 

different velocities a)1.35 m/s b)1.73 m/s c)2.15 m/s 

 velocities profiles for the nanofluid with rectangular 

shape of MCHS at various velocity values at the MCHS's 

midplane. Keep in mind that now the flow is upward from of 

the bottom. As can be seen, the expansion of the boundary layer 

slows down as the Re increases, intensifying the flow's mixture 

and causing an increase in the heat transfer coefficient. As the 

input velocities increases output velocities and maximum 

velocities increases the highest velocity found 18.27 m/s for 

triangular shape of MCHS. 

 
Fig. 11: Heat transfer coefficient against the velocities for 

various MCHS shapes 

 For different MCHS designs, including rectangle 

and triangular MCHS, the coefficient of heat transfer is 

plotted versus the velocity inside the image above. In both 

MCHS designs, it is observed that the inertia force increases 

as velocity increase, intensifying the heat transfer coefficient. 

Additionally, it can be shown in figure 5.21 that the 

distribution of the MCHS into a triangular shape result in a 

higher heat-transfer coefficient, whereas the rectangular shape 

results in a lower heat-transfer coefficient. Raising the MCHS 

velocity allows the fluid mixture to expand, this enhances 

thermal efficiency and raises heat transfer coefficient. The 

MCHS form exhibits the lowest heat transfer coefficient 

because the mixture of the nanofluid is weak. For the three 

distinct velocities, the heat transfer coefficient of the 

distribution to rectangle form of MCHS exhibits a 3.45% 

reduction in comparison to the dispersion to triangle form of 

MCHS. 



Enhanced Micro Channel Heat Sink for Utilization in Cooling of Electronic Components by Using CFD Approach 

 (IJSRD/Vol. 10/Issue 8/2022/001) 

 

 All rights reserved by www.ijsrd.com 6 

 
Fig. 12:  Pressure drop against the velocities for various 

MCHS shapes 

 The accompanying illustration demonstrates the 

pressure difference or dips in relation to velocity for different 

MCHS shapes. The graphic shows that for both the rectangle 

and triangular MCHS designs, the pressure reduction or fall 

increases as the velocity increases. The explanation is that 

when intake velocity rise, the mean velocity increases as well, 

intensifying the velocity profile on the walls. In addition, the 

MCHS suspension has a triangle shape. causes the most 

intense ΔP and rectangular shape of MCHS causes lowest 

intense ΔP. the pressure drops of the dispersion to rectangular 

shape of MCHS shows 81% decrement compared to the 

dispersion to triangular shape of MCHS for the three different 

velocities. maximum pressure obtained for triangular shape is 

466.52 kPa for 2.15 m/s and minimum pressure is found 

244.41 kPa for 1.35 m/s. additionally, maximum pressure is 

found for rectangular shape of MCHS is 91.84 kPa for 2.15 

m/s and minimum pressure is obtained for rectangular shape 

of MCHS is 47.34 kPa for 1.35 m/s. as the velocity increases 

pressure also increases. 

 
Fig. 13: Thermal resistance versus the velocities for various 

MCHS shapes 

 The thermal resistance vs speed for different MCHS 

designs, including rectangular and triangular shapes, is 

depicted in the following image. For both MCHS shapes, the 

thermal resistance drops as the velocity is increased. As 

previously mentioned in Figure. 13, the h improves as the 

velocity rise. The smaller velocity estimates exhibit decreased 

thermal resistance, showing good cooling capacity. 

Additionally, the dispersal with the triangle form of MCHS is 

the strongest scenario among various forms of MCHS due to 

its lower thermal resistance than the rectangular shape of 

MCHS, which results in a higher coefficient of heat transfer 

than the rectangular shape of MCHS. For example, due to 

thermal resistance of the dispersion of triangular shape of 

MCHS shows a 5.65% decrement compared to the dispersion 

of rectangular MCHS. 

 
Fig. 14: Outlet temperature versus the velocities for various 

MCHS shapes 

 The above figure shows that the outlet temperature 

versus the velocities for various MCHS such rectangle and 

triangle shape of MCHS. It is notified from the figure that for 

both the shape of MCHS found that maximum temperature 

for 1.35 m/s and found that minimum temperature for 2.15 

m/s. increasing of the velocity values, Because of the 

increased strength of the boundary layer disturbances, the 

output temperature drops. For rectangular shape of MCHS 

found the outlet temperature 309.78K at velocity 1.35 m/s. 

and minimum temperature at outlet found 306.04K for 

velocity 2.15 m/s. if the fluid velocity is low, then the higher 

fluid outlet temperature is in resultant. This discovery can be 

explained by a straightforward theory relating to the heat 

transfer performance in ducts subjected to a steady heat 

transfer. because to its channel's slow rate of fluid flow, the 

fluid temperature rises and dissipates the heat flux specified. 

due to heat transfer from the hot end of the heatsink, a higher 

liquid temperature is observed in the liquid in the channel 

near the heatsink edge. From figure it is notified that wall 

temperature of the dispersion of triangular shape of MCHS 

shows a 0.15% decrement compared to the dispersion of 

rectangular shape of MCHS. 

 
Fig. 15: Wall temperature versus the velocities for various 

MCHS shapes 
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 The above figure shows that the wall temperature 

versus the velocities for various microchannel heat sink such 

rectangle and triangle shape of MCHS. Figure shows that 

when velocity value is increased, the disturbances of the flow 

separation intensify, causing the mean temperature of the 

bottom surface to decrease. From figure it is notified that wall 

temperature of the dispersion of triangular shape of MCHS 

shows a 0.43% decrement compared to the dispersion of 

rectangular shape of MCHS. we can notice that from figure 

rectangular shape of MCHS leads to greatest wall temperature 

than triangular shape of MCHS. This discovery can be 

explained by a straightforward theory relating to the heat 

transfer performance in ducts subjected to a steady heat 

transfer. because to its channel's slow rate of fluid flow, the 

fluid temperature rises and dissipates the heat flux specified. 

due to heat transfer from the hot end of the heatsink, a higher 

liquid temperature is observed in the liquid in the channel 

near the heatsink edge. 

 
Fig. 16: Maximum temperature against the velocities for 

various MCHS shapes 

 The above figure shows that the maximum 

temperature against the velocities for various MCHS such 

rectangle and triangle shape of MCHS. It is observed in this 

figure that by the increasing of the velocity values, the 

maximum temperature is reducing due to the boundary layer's 

disruption becoming more intense. This discovery can be 

explained by a straightforward theory relating to the heat 

transfer characteristics in ducts exposed to a steady heat 

exchange. due to its channel's slow rate of fluid flow, the fluid 

temperature rises and dissipates the heat flux specified. due to 

heat transfer from the hot end of the heatsink, a higher liquid 

temperature is observed in the liquid in the channel near the 

heatsink edge. From figure it is notified that wall temperature 

of the triangular shape of MCHS shows a 0.45% decrement 

compared to the dispersion with rectangular shape of MCHS. 

It is notified from the figure that rectangular shape of MCHS 

leads the most maximum temperature and triangular shape of 

MCHS leads the less maximum temperature. We found that 

maximum temperature for rectangular shape of MCHS for 

less velocity. While increasing in velocity causes to 

decreasing in maximum temperature. 

VIII. CONCLUSION 

Numerical analysis is performed on two different shapes of 

microchannel heat sink such as rectangular and triangular 

MCHS are explored at three different velocities is to carried 

out to estimate maximum heat dissipation. Following are the 

important conclusions received from the present work. There 

is a deviation of 1.3% in Rectangular MCHS when 

comparison was made between present work and Mehdi 

Bahiraei, Ali Monavari. Heat transfer coefficient enhances 

when the velocity increases for both the shapes of MCHS. 

The triangular shape of MCHS leads the most heat transfer 

coefficient 30452 W/𝑚2𝐾 for 2.15 m/s velocity, and the 

rectangular shape of MCHS the least heat transfer coefficient 

29607 W/𝑚2𝐾 for 2.15 m/s velocity. By changing the 

velocities, the average surface temperature of the bottom 

drops for both shapes of MCHS This results in increased 

thermal efficiency. The triangular shape of MCHS leads to 

the minimum temperature and the highest temperature is 

caused by the MCHS's rectangular shape. The triangular 

shape of MCHS leads to the maximum pressure drops 466.52 

kPa, and the MCHS's rectangular design results in the least 

amount of pressure loss. 91.84kPa. The limited thermal 

resistance for MCHS is caused by its triangular shape, while 

the highest heat resistance is caused by its rectangular shape. 

When compared to the triangular shape of the MCHS, the 

rectangular shape releases the most heat. 

IX. SCOPE OF FUTURE WORK 

The numerical analysis can be carried out for various velocity 

with different shape of Microchannel heat sink with various 

nanoparticles as well as various Reynolds numbers. 
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