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Abstract 
 

In the present study, the fluid flow and heat transfer characteristic of microchannel heat sink with microfins are studied numerically at 

Reynold number ranging from 400 to 1200. The influence of microfins on the Nusselt number and pressure drop are investigated. Five 

different types of microfins namely cylindrical microfins (Case A), diverge cylindrical microfins (Case B), diverge cylindrical microfins 

with semi-circle rib (Case C), diverge cylindrical microfins with rectangular rib (Case D) and diverge cylindrical microfins with triangu-

lar rib (Case E) are designed. A comparative analysis of these five types of microfins with bare microchannel has been conducted. The 

result highlighted the extended microfins augmented the heat transfer characteristic by disrupt the thermal boundary layer. The overall 

thermal performances of microchannel heat sink with microfins are 1.1 – 1.47 times higher compared to bare microchannel. 
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1. Introduction 

Since past decades, applications of miniaturization are immense in 

microelectronic industries, especially cooling of the high power 

light emitting diodes [1-2]. This however creates an issue to the 

effective thermal management when a large amount of heat is 

generated on the small surface area [3]. Different methods were 

proposed to meet the high heat flux requirements including the use 

of thermoelectric and vapor chamber [4-7].  

Recently, the use of microchannel heat sink is drawing research-

ers’ attention for dissipating high heat flux and cooling high power 

microelectronics owing to its higher efficient over the traditional 

heat sink [8]. Microchannel heat sink comprises a number of mi-

crochannels that ensure the laminar flow through the heat sink. 

Typically, the heat sink is attached to the substrates of electronic 

components. Attributing to the thinner thermal boundary layer 

induced by the microchannels, higher heat transfer rate can be thus 

achieved [9].  

To date, microchannel heat sink has been widely employed on the 

heat spreader of the microprocessor [10-11]. In the efforts of en-

hancing the heat transfer performance, a large amount of research-

es have been carried out so as to investigate the nature of heat 

transfer, study the optimal configurations of heat sink and analyze 

the characteristics of microchannel with different shapes of ribs. In 

[12] reported that heat transfer performance can be improved with 

ribs in the microchannel. On the other hand, in [13] proposed the 

use of inline pin fins to entrench on microchannels. It was ob-

served that the proposed device with pin fins have relative higher 

heat transfer coefficients than the plain microchannels. Likewise, 

in [14] examined the microchannels with ribs and fan-shaped 

reentrant. Their findings indicated that the heat transfer perfor-

mance was improved compared to the microchannels with smooth 

surface.  

Through numerical study, in [15] found the microchannel with 

wavy design generated higher flow rate. Besides, a study from 

[16] revealed that thermal resistance was reduced for microchan-

nel with two-layer. It implies that heat dissipation rate is closely 

related to the flow contact area of the microchannel heat sink. In 

other words, microchannel with larger flow contact surface en-

hances the heat flow rate. 

In search of the optimum heat transfer performance, in [17] nu-

merically studied different rib positions and configurations (e.g. 

rectangular ribs and ellipsoidal ribs). They reported that there was 

an optimal length or width value provided the maximal improve-

ment factor. Moreover, in [18] analyzed the effects of triangular, 

rectangular and semicircular ribs on the laminar flow via numeri-

cal simulation.  

 

 
Fig. 1: Top views of the microchannel (dimension in mm): (a) Bare, 
(b)Case A, (c) Case B, (d) Case C, (e) Case D and (f) Case E 

 

The results showed that rectangular ribs were inappropriate to be 

used compared to the semicircular ribs as the former design pro-

duced weaker laminar flow and heat transfer rate. 
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Though the use of ribs enhances the heat transfer performance, in 

fact it also results in considerable pressure drop penalty in micro-

channels. Hence, it is crucial to source for an efficient design to 

balance the heat transfer and pressure loss. In the present study, 

we propose a ribbed microchannel heat sink which enhances the 

heat transfer performance on one hand and reduces the pressure 

loss on the other hand. Numerical study was therefore carried out 

in order to elucidate the single phase heat transfer phenomena.  

2. Materials and Methods 

In this study, we compared several configurations of microchannel 

heat sink with microfins namely cylindrical microfins (Case A), 

diverge cylindrical microfins (Case B), diverge cylindrical micro-

fins with semi-circle rib (Case C), diverge cylindrical microfins 

with rectangular rib (Case D) and diverge cylindrical microfins 

with triangular rib (Case E) with the bare rectangular microchan-

nel. Figure 1 shows the schematic diagrams of the microchannel 

heat sink with different fin designs. The overall dimensions of the 

microchannel are 36 × 0.5 × 0.7 mm3, the height of micro-fins is 

0.4 mm and the fin-to-fin distance (pitch of fins) is set as 3 mm.  

In this numerical study, single slice of microchannel was used for 

simulation instead of entire heat sink. The neighbouring solid 

surface and fluid flowing across it have been taken in account. The 

following assumptions were considered in order to simplify the 

simulation model [19]: 

 Plain water as working fluid 

 Steady flow, laminar, incompressible and Newtonian 

 Radiation heat transfer is neglected 

 Uniform heat flux throughout bottom wall 

The inlet velocity, U0 was ranging from 0.689 to 2.067 m/s and 

inlet temperature, T0 was set to 295 K. The Reynolds number 

which defines the degree of laminar or turbulent flow is calculated 

by: 

 

 /Re ud                                                                            (1) 

 

where ρ denotes fluid density, u denotes fluid velocity and µ de-

notes dynamic fluid viscosity. The hydraulic diameter, d is ex-

pressed as: 
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where A denotes the flow area and P represents the wetted param-

eter of microchannel. The commercial software of ANSYS Fluent 

17.2 was employed for the numerical simulation. The SIMPLE 

method was adopted in the numerical study to determine the pres-

sure-velocity coupling. 

3. Results and Discussion 

3.1. Validation of Model 

Comparisons of our numerical simulation with experiment find-

ings by [20-21] were firstly conducted in order to validate the 

proposed model in the present study. By adopting the same model, 

experiment results for the bare rectangular microchannel case was 

selected for comparison. Figure 2(a) shows the Nusselt number 

changed with different values of Reynolds number. Obviously, the 

simulated data in this study are in good agreement with the empir-

ical findings of [20]. Whereas, Figure 2(b) shows another compar-

ison of pressure drops with varied Reynolds number. Good 

agreement can again be seen. 

  

 
(a) 

 
(b) 

Fig. 2: Comparison of numerical result with experiment data: (a) Nusselt 
number and (b) Pressure drop 

3.2. Velocity Distribution 

Figure 3 illustrates the velocity distribution in the microchannel. 

As it can be seen in Figure 3(a), the maximum velocity located at 

the central portion of microchannel. The fast fluid flows at the 

middle portion promoted the continuous thickening of thermal 

boundary layer. Significant temperature difference between the 

central portion and channel wall led to the poor heat transfer per-

formance. For Figure 3(b) and (c), the maximum velocity moved 

to both side of the wall after impinged with the cylindrical micro-

fins. Although the appearances of cylindrical microfins helped to 

interrupt the thermal boundary layer, but it also created a laminar 

stagnation zone after the microfins. The fluid flowed so slow at 

the laminar stagnation zone declined the heat transfer rate. 

 
Fig. 3: Velocity distribution flow from top to bottom: (a) Bare, (b) Case A, 

(c) Case B, (d) Case C, (e) Case D and (f) Case E 

As shown in Figure 3(d), (e) and (f), the laminar stagnation be-

come lesser compared to Figure 3(b). This can be due to the devia-

tion of the microfins, whereby the diverge part allowed the fluid to 
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pass through and the microribs disturbed the flow on the high 

velocity region. The velocity gradient represents the hot and cold 

fluid mixing level. A lesser velocity difference indicates a superior 

level of the mixing. From the observation, Case C has better flow 

distribution than other cases as the velocity gradient is smaller. 

3.3. Temperature Distribution 

Figure 4 depicts the relationship between the temperatures and the 

Reynolds number. It is apparent that the bare microchannel has the 

highest temperature compared to other designs of microchannel. 

This phenomenon is caused by the continuous thickening of ther-

mal boundary layer along the straight microchannel. Besides, the 

average interface temperature of Case C was significantly reduced 

when compared to the bare rectangular microchannel. This can be 

accredited to the existence of microfins in the middle part of mi-

crochannel. The presence of extended surface helped to disrupt the 

temperature profile and prevented the thermal boundary layer 

achieved to fully developed state. Meanwhile, the microfins creat-

ed redevelopment of thermal boundary layer and augmented the 

mixing of fluid at the side wall. 

 

 
Fig. 4: Mean temperature versus Reynolds number at heat flux 100 W/cm2 

3.4. Heat Transfer Characteristic 

Nusselt number is used to verify the heat characteristic of different 

configuration of microchannel. The overall Nusselt number is 

calculated by: 

 

fluidkhdNu /                                                         (3) 

 

where kfluid is the fluid thermal conductivity and h is the heat 

transfer coefficient which can be determined as: 
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where Q is the total heat transfer, Ac is the contact surface area of 

fluid and solid wall and ∆T is the temperature gradient. Figure 5 

plots the change of Nusselt number with different values of Reyn-

olds number at heat flux of 100 W/m2. As expected, the Nusselt 

number increased with the increasing Reynolds number in all 

cases. In particular, the Nusselt number in all five non-bare de-

signs was higher than that of bare microchannel. The impact of 

Case C on the Nusselt number was similar to that caused by Case 

E, and much larger than those of Cases A, B and D. This could be 

attributed to the existence of semicircular and triangular ribs 

shrank the laminar stagnation zone which affects heat transfer of 

the microchannel. It is worth noting that Case E exhibited relative 

better performance at Reynolds number less than 700. However, a 

decline in performance can be seen with further increase of the 

Reynolds number. The variation of pressure drop factor with 

Reynolds number is shown in Figure 6. 

 

 
Fig. 5: Variation of Nusselt number with Reynolds number 

 

 
Fig. 6: Variation of pressure drop with Reynolds number 

3.5. Overall Thermal Performance 

Although the presence of extended surface improved the heat 

performance, however, the pressure loss also increased. Hence, the 

overall thermal performance should be calculated and compared 

with bare rectangular microchannel. The equation of thermal per-

formance in this study can be derived as: 
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Figure 7 compares the overall thermal performance of all cases. 

As it can be clearly seen, the factor of overall thermal performance 

for all five cases was found to be greater than one (the bare micro-

channel). This proves that the extended surface in microchannel is 

important to improve the heat transfer performance of microchan-

nels. An interesting phenomenon was noted that the thermal per-

formance of case E was better than others before reaching the 

Reynolds number of 700. However, the performance deteriorates 

with Reynolds number greater than 700. 

 

 
Fig. 7: Variation of overall thermal performance with Reynolds number 

4. Conclusion  

The flow structure and heat transfer in microchannel heat sink 

with microfins have been investigated numerically. Based on the 

findings, the Case E design can be employed at low Reynolds 
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number. On the other hand, the overall thermal performance of 

Case C is relatively better at higher Reynolds number, recording 

its peak at Reynolds number 1000. This is due to the fact that the 

diverging microfins in Case C with semicircular ribs provided the 

redevelopment of thermal boundary layer to enhance the heat 

transfer rate. The overall thermal performance of Case C is found 

to be 1.4 times greater than that of bare microchannel. 
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