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ABSTRACT 

In this numerical investigation, the impacts of complete and partial cylindrical fin configurations on the 

thermohydraulic performance of a minichannel heatsink are studied. ANSYS Fluent software is used to conduct 

numerical analyses for four distinct mass flow rates ranging from 0.00265 kg/s to 0.0045 kg/s and three distinct fin 

positions. The effects of various configurations on velocity and temperature fields, average Nusselt number, Nusselt 

number ratio, friction coefficient, and performance evaluation coefficient are analyzed. According to the study’s 

findings, using partial cylindrical fins has a substantial impact on both heat transfer and pressure drop. When 

evaluating heat transfer, MCHS-R2a produces the greatest results, but this configuration greatly raises flow 

resistance. MCHS-R2c was found to have substantial potential when evaluated in terms of thermohydraulic 

performance.  

Keywords: Minichannel heat sink, partial cylindrical fin, thermohydraulic performance.  

ÖZET 

Bu çalışmada, tam ve parçalı silindirik kanatçık konfigürasyonlarının bir minikanallı ısı alıcının termohidrolik 

performansına etkileri sayısal olarak incelenmiştir. Bu amaçla, 0.00265 kg/s ile 0.0045 kg/s aralığında dört farklı 

debi ve üç farklı kanatçık konumu için sayısal çalışmalar ANSYS Fluent yazılımı kullanılarak gerçekleştirilmiştir. 

Farklı konfigürasyonların hız ve sıcaklık alanlarına, ortalama Nusselt sayısına, Nusselt sayısı oranına, sürtünme 

katsayısına ve ısı alıcının performans katsayısına olan etkileri değerlendirilmiştir. Çalışma sonucunda, parçalı 

silindirik kanatçık kullanımının ısı transferi ve basınç düşümü üzerinde önemli etkilerinin olduğu, ısı transferi 

açısından değerlendirildiğinde MCHS-R2a’nın en iyi sonucu verdiği fakat bu konfigürasyonun akışa karşı olan 

direnci önemli ölçüde artırdığı belirlenmiştir. Termohidrolik performans açısından değerlendirildiğinde ise MCHS-

R2c’nin önemli sonuçlar vadettiği ortaya konmuştur. 

Anahtar Kelimeler: Minikanallı ısı alıcı, parçalı silindirik kanatçık, termohidrolik performans. 
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INTRODUCTION 

Changing manufacturing techniques and advancing technology have enabled the design and production of compact 

heat exchangers with reduced volume and greater efficiency. Minichannel heat sinks (MCHSs), a type of compact 

heat exchangers, have attracted the attention of researchers due to their compact structure, effective thermal 

performance, and growing application possibilities. As a result of advancements in materials technology, MCHSs 

have been used as a practical apparatus to remove excessive heat from systems since the mid-1990s (Bowers and 

Mudawar, 1994). Their prevalence has increased due to their widespread application in electronics cooling. 
 

To meet the ever-increasing demand for cooling, MCHSs have modified to incorporate fins, which contribute to the 

enhancement of heat transfer characteristics (Naphon and Wongwises, 2010). However, while fins positioned in the 

flow field increase heat transfer, they negatively affect the pressure drop. This has led to the necessity of addressing 

the issue in terms of both heat transfer and pressure drop. Researchers have investigated a variety of configurations 

in channel structure and flow pattern so as to enhance the system’s efficiency in terms of both heat transfer and 

pressure drop. Table 1 provides a summary of various configurations of channel structures and flow patterns reported 

in the literature. 

 

Table 1. Some Studies on Channel Structures and Flow Patterns in The Literature 

Reference Content of the study 

Bi et al. (2013) The channel with narrow dimples, cylindrical grooves and fins smaller than the 

channel height. 

Wang et al. (2013) The rectangular straight and expanding cross section of the channel. 

Di Maio et al. (2014) The straight and ribbed channel.  

Ghobadi and Muzychka (2014) The channel with 90° curved and spiral geometry. 

Li et al. (2015) The channel with smooth and grooved surfaces. 

Xu et al. (2016) The channel with three and five ports. 

Saeed and Kim. (2016) The channel with variable fin spacing, thickness and height. 

Ma et al. (2016) The channel with corrugated fins. 

Liu and Yu (2016) The channel with obstacles in the flow direction. 

Kim et al. (2017) The channel with variable widht and length. 

Tang (2017) The channel with layered structure. 

Saeed and Kim (2017) The channel with different configurations of distributors and collectors at the 

inlet and outlet. 

Imran et al. (2018) The channel with variable inlets and outlets. 

Kumar and Singh (2019) The channel with variable distributor and collector positions. 

Abdulhaleem et al. (2019) The channel with straight and wavy cross sections. 

Lim and Lee (2019) The channel with parallel and opposing flow directions. 

Song et al. (2019) Flow-regulating distributor and collector with trapezoidal and rectangular fins. 

Tikadar et al. (2019); The channel with parallel and opposing flow directions. 

Mitra and Ghosh (2020) The channel with variable fin thickness, number and channel depth. 

Xiao et al. (2020) The channel with rough surface. 

Dabrowski (2020) The channel with rectangular, trapezoidal, triangular or concave configurations. 

Cao et al. (2020) The channel with curved structure with variable inlets and outlets. 

Deng et al. (2020) The channel with horizontal and vertical slots. 

Kilic et al. (2020) The channel with circular fins. 

Tikadar (2020); The channel with transition zones. 

Azadi et al. (2020) The channel containing fins with trapezoidal, square, triangular and sine profiles. 

 

It is clear that the various types of channel structures and flow patterns presented in the literature have an impact on 

the performance of MCHSs. However, selection of the most effective configuration among many potential 

configurations is a unique area. Recent studies have examined the effects of both fin and channel forms on heat 

transfer and pressure drop for optimal heat sink design. Al-Hasani and Freegah (2022) numerically investigated the 

use of dual outlets and secondary flow lines at various angles to improve the efficiency of a water-cooled MCHS. 

They reported that combining the secondary flow with pin fins improved thermal and hydraulic performance, and 

achieved that a performance improvement of up to 47%. Mahmood and Freegah (2022) numerically examined the 

effect of counterflow formation and dimpled ribs on thermohydraulic performance of a serpentine MCHS. The results 
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of the study showed that the overall performance of MCHS was significantly improved. Bessanane et al. (2022) 

numerically investigated the effects of the use of rectangular mini-channels and diamond-shaped fin arrangements in 

a split pattern on flow and heat transfer in a MCHS. Chen et al. (2022) numerically studied the effects of triangular 

prisms on thermal and hydraulic performances of a MCHS. The results of the study showed that the highest Nusselt 

number and coefficient of friction were reached in the MCHS with a backward triangular prism. Khadir (2023) 
numerically investigated the performance of a finned MCHS with elliptical, circular and V-shaped cross-sections in 

terms of velocity distribution uniformity and heat sink surface temperature reduction. As a result of the study, it was 

reported that the lowest flow disturbance and surface temperature were obtained for the channel with elliptical fins. 

Zhang et al. (2023) numerically investigated the thermohydraulic performance of a MCHS, which contains various 

mini channel structures with different fin and cavity forms. The results showed that the addition of fins to the mini 

channel increased heat transfer and flow resistance. In addition, it was stated that the combined use of fin and cavity 

structures provided 60% improvement in terms of thermohydraulic performance. Accordingly, it is considered that 

studies on an optimum finned MCHS design in terms of heat transfer and pressure drop will contribute to the 

literature. The aim of this study is to numerically examine the effects of the use of complete and partial cylindrical 

fins on thermohydraulic performance of a MCHS. Thus, numerical studies are carried out for the mini channel heat 

sink designs including reference case (MCHS), complete cylindrical fins (MCHS-R) and partial cylindrical fins 

(MCHS-R2) under same operating conditions.  

NUMERICAL STUDY 

Problem Geometry 

A schematic illustration of the MCHS containing seven minichannels is shown in Fig. 1. The length (L), width (W), 

and height (H) of MCHS are 75, 50, and 5 mm, respectively. The minichannels’ widths (wch) and heights (hch) are 

4.2 mm and 2 mm, respectively, and the walls separating them have the thickness (tw) of 1.77 mm. The distance 

between the centers of the first and last fins and the channel inlets-outlets is 10 mm. The diameter of each fin is 2 

mm, and the distance between each fin (s) is 13.75 mm. 

 

 
 

Figure 1. Schematic Illustration of The Minichannel Heat Sink with Complete Cylindrical Fins (MCHS-R) 

 

The study covers five different cases, including the reference case (MCHS). In the reference case, no fin is utilized 

in the minichannels. In addition, the details of configurations designated MCHS-R, MCHS-R2a, MCHS-R2b, and 

MCHS-R2c are shown in Fig 2. These different MCHS configurations are analyzed for various flow rates. In MCHS-

R2a, the partial fins are concentrically arranged, whereas in MCHS-R2b and MCHS-R2c, the distance between the 

center of the partial fins is 3.44 mm and 6.88 mm, respectively. 
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Figure 2. Schematic Illustration of The Studied Cases 

 

Numerical Method and Boundary Conditions  

The simulations are conducted using ANSYS Fluent, a finite volume solver. The thermophysical properties of the 

fluid (water) and heat sink are considered to be constant throughout the numerical solutions, while the flow is at 

laminar and steady-state conditions. In the numerical solutions, the discretization of the governing equations are 

performed by the second order upwind scheme, while the SIMPLE algorithm is preferred for the coupling of velocity 

and pressure (Ansys Inc., 2021). 

 

The governing equations under these assumptions are as follows (Imran et al., 2018): 

 

Continuity equation: 
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Energy equation in flow domain: 
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Energy equation in solid domain: 
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∂2Ts
∂x2

+
∂2Ts
∂y2

+
∂2Ts
∂z2

= 0 (6) 

 

Here, u, v, and w represent the velocity components in the x, y, and z directions, while Tf and Ts represent the 

temperature of the fluid and solid. ρ represents the density of the fluid, while ϑ  and α denote its kinematic viscosity 

and thermal diffusivity.  

 

The velocity inlet boundary condition is employed at the minichannel inlets, and the water temperature is 298 K. The 

pressure outlet boundary condition is employed at the minichannel outlets. The base of the MCHS is heated with a 

constant heat flux of 20000 W/m2, while minichannel and fin surfaces in contact with water have coupled boundary 

condition and hydrodynamically no-slip boundary condition. The heat sink’s top and side faces are perfectly 

insulated. The boundary conditions are given in Fig. 3. 

 

 
 

Figure 3. Boundary Conditions Utilized in Numerical Simulations 

 

Data Analysis 

As the effects of the above-described configurations on flow and heat transfer characteristics at varying flow rates 

are evaluated, the following performance parameters are calculated within the scope of the study. 

 

The heat gained by the cooling fluid is calculated as follows (Al-Hasani and Freegah, 2022): 

 

Q̇ = ṁfcp,f∆Tf = h̅Ac(Tbase,ave − Tf) (7) 

 

where ṁf, cp,f, and ΔTf denote the mass flow rate, specific heat, and temperature rise of water, respectively. Ac denote 

the effective surface area, while Tbase,ave and Tf denote the average surface temperature of the base and film 

temperature, respectively. 

 

The film temperature is calculated as follows: 

 

Tf =
Tf,in + Tf,out

2
 (8) 

 

where Tf,in and Tf,out denote the inlet and outlet temperatures of the water, respectively.  

 

The average heat transfer coefficient is calculated as follows (Imran et al., 2018): 

 

h̅ =
ṁfcp,f∆Tf

Ac(Tbase,ave − Tf)
 (9) 

 

The average Nusselt number is calculated as follows: 
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Nuave =
h̅. Dh

kf
 (10) 

 

where kf is the thermal conductivity of water. 

 

The Nusselt number ratio is calculated as follows: 

 

Nur =
Nuave,i
Nuave,ref

 (11) 

 

The hydraulic diameter of the minichannels is calculated as follows: 

 

Dh =
2 × wch × hch
wch + hch

 (12) 

 

The total pressure drop between the inlet and outlet of the heat sink is calculated as follows: 

 

∆P = Pin − Pout (13) 

 

The friction coefficient is calculated as follows: 

 

f =
2∆PDh

Lρfuin
2  (14) 

 

The performance evaluation coefficient, which represents the thermohydraulic performance of the heat sink, is 

calculated as follows (Zhang et al., 2023): 

 

PEC =
Nuort,i Nuort,ref⁄

(fi fref⁄ )1 3⁄
 (15) 

 

where Nuort,i and Nuort,ref denote the average Nusselt number for any configuration and reference case, respectively. 

fi and fref denote the friction coefficient for any configuration and reference case, respectively.  

 

Grid Structure 

A polyhedral grid design is employed for this research. A grid independence study is conducted for five distinct cell 

numbers, and the values of average Nusselt numbers and friction coefficients are compared for each grid design to 

identify the grid design to be employed in the final simulations. When average Nusselt number and friction coefficient 

are examined simultaneously, as shown in Fig. 4, it is determined that the grid design with 3914104 cells is sufficient 

for the final simulations. 
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Figure 4. Results of The Grid Independence Study 

 

Validation of the Study 

The numerical results of this study are compared to data shared by Al-Hasani and Freegah (2022) for the validation 

of numerical solution model used in this study. The average Nusselt number and pressure drop characteristics of the 

MCHS are used for the validation. The relevant data are obtained for different mass flow rates. Accordingly, it is 

determined that the results of this study is consistent with the data of Al-Hasani and Freegah (2022). Results of the 

validation study is shown in Fig. 5. 

 

 
 

Figure 5. Validation of The Present Study against The Study of Al-Hasani and Freegah (2022) 

 

RESULTS AND DISCUSSION 

The impacts of various fin designs on the thermohydraulic performance of a MCHS are numerically studied in this 

work. The effects of partial and complete cylindrical fins at various flow rates on the flow and heat transfer 

characteristics of the MCHS are investigated for this purpose. The key performance metrics of the heat sink, such as 

average Nusselt number, Nusselt number ratio, friction coefficient, and performance evaluation coefficient, are 

examined in addition to the velocity and temperature fields. 
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Figures 6 and 7 depict the velocity and temperature fields at the center of the minichannels (at y=4 mm) for various 

configurations at ṁf=0.002625 kg/s and 0.0045 kg/s, respectively. The flow in MCHS is parallel to the channel walls, 

as evidenced by the contour plots for both flow rates. In MCHS-R, high velocities occur due to the narrowing of the 

cross-section in the regions where the fins are placed, while reverse flow occurs downstream of the fins. In MCHS-

R2a, the high velocity fluid flows through the partial fins. In MCHS-R2b and MCHS-R2c, the mixing within the 

flow domain is higher, while local velocities are lower behind the fins and along the channel walls. When the 

temperature contours are analyzed, the thermal boundary layer thickens towards the exit due to the decreased cooling 

capacity of the fluid, convective heat transfer diminishes, and the local temperatures of the heat sink increase in 

MCHS. The addition of fins, on the other hand, increases the heat transfer surface area, allowing the water to remove 

more heat from the heat sink. The partial fin form also allows for more heat transfer surface area. As a result, the fin 

temperatures rise towards the outlet, and in all configurations, the temperatures of the fins and fluid are relatively 

close towards the outlet. 
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Figure 6. Velocity and Temperature Fields at ṁf=0.002625 kg/s 
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Figure 7. Velocity and Temperature Fields at ṁf=0.0045 kg/s 
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Figures 8 and 9 depict the Nuave and Nur variations with mass flow rate for the reference case and various fin 

configurations. Convective heat transfer is the weakest in the reference case, as predicted. In terms of convective heat 

transfer, however, MCHS-R2a is seen to be the best configuration. At all flow rates, the convective heat transfer rates 

for MCHS-R2b and MCHS-R2c are quite close to each other. However, the Nuave for MCHS-R2c is lower than that 

of the MCHS-R2a. The variation of Nur, as shown in Fig. 9, also confirms the preceding conclusions. At all flow 

rates, the increase in Nur is maximum for MCHS-R2a. Nur values are close for MCHS-R2b and MCHS-R2c and the 

increase in MCHS-R2c becomes more apparent as the flow rate increases. Furhermore, MCHS-R is regarded the 

worst scenario in terms of Nur increase and is nearly unaffected by the change in mass flow rate. 

 

 
 

Figure 8. Average Nusselt Number Variation Versus Mass Flow Rate for Different Configurations 

 

 
 

Figure 9. Nusselt Number Ratio Variation Versus Mass Flow Rate for Different Configurations 

 

Figure 10 depicts the relationship between the f and mass flow rate for various fin configurations and the reference 

case. As anticipated, the f for the reference case (MCHS) is quite low, whereas the utilization of fins considerably 

increases the f. MCHS-R2a has the greatest flow resistance. MCHS-R2b and MCHS-R2c, whose fins are staggered, 

have a lower f than that of MCHS-R and MCHS-R2a at all flow rates. When fin configurations are evaluated, 

increasing the distance between the partial fins substantially decreases the f, and MCHS-R2c has the lowest f values. 

On the other hand, Fig. 11 illustrates the effects of various fin configurations on the PEC. Analyzing the variation of 
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PEC with mass flow rate reveals that the thermohydraulic performance of MCHS-R is unfavorable at low mass flow 

rates, but slightly exceeds 1 as the flow rate increases. MCHS-R2a provides the highest f. Although MCHS-R2c does 

not provide the greatest convective heat transfer rate, its thermohydraulic performance is significantly higher than 

the other configurations due to its reduced flow resistance. 

 

 
 

Figure 10. Friction Coefficient Variation Versus Mass Flow Rate for Different Configurations 

 

 
 

Figure 11. Performance Evaluation Coefficient Variation Versus Mass Flow Rate for Different Configurations 

CONCLUSIONS 

In this study, the effects of using complete and partial cylindrical fins on thermohydraulic performance of a MCHS 

are numerically investigated. Additionally, three different partial circular fin forms are proposed as an alternative to 

the use of traditional cylindrical fins. As a result, the detected findings are as follows: 

 It is ensured that the water removes more heat from the heat sink as the heat transfer surface area increases 

owing to the use of fins. At the same time, the partial fin form further increases the heat transfer surface area. 

 It is obtained that the best design in terms of convective heat transfer is the MCHS-R2a configuration. 

Additionally, MCHS-R2a has the greatest flow resistance. 

 It is seen that the use of eccentric partial fins significantly reduces the flow resistance. 
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 It is observed that the MCHS-R2c configuration provides the best result in terms of thermohydraulic 

performance. Compared to MCHS, PEC is increased up to 19.4% in MCHS-R2c. 
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