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Comparative numerical analysis of various geometric configurations of a 
two-dimensional heat sink. 
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Abstract: Comparative numerical analysis of the thermal and hydraulic performance of a turbulent flow 
of incompressible air through a heat sink plat pin-fin (PPFHS) of circular and semi-circular, with and 
without baffles. The K-ε model was used for numerical calculations of the geometric configuration of this 
2D heat sink to see the influence of geometry on heat dissipation with a change in velocity from 6.5 m/s 
to 12.2 m/s. The results show a 51% improvement in thermal resistance of the semi-circular PPFHS with 
baffles compared with the circular PPFHS. 
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1. INTRODUCTION 

Researchers have carried out a great deal of research to 
improve the performance of heat sinks, with the aim of 
increasing the performance of electronic systems. Electronic 
components need to be adequately cooled to avoid 
overheating and to ensure a longer service life. 
In engineering technology, it is becoming increasingly 
important to achieve efficient cooling of electronic systems. 
Engineers are pursuing new heat sink designs as a means to 
cope with the rising demands. (Da Silva et al., 2019) 
conducted a comprehensive analysis of natural convection in 
heat sinks with rectangular fins using numerical simulations 
and experimental tests. They investigated factors influencing 
heat transfer in such devices, developed empirical 
correlations for the convective heat transfer coefficient. 
Microchannel heat sinks with pin ribs and fins have also been 
investigated (Ghasemi et al., 2017). Computational 
simulations of plate fin, strip fin, and pin fin heat sinks 
revealed the influence of flow rates on their performance (Li 
et al., 2023). 
Plate-pin fin heat sinks had different pin shapes that 
influenced convection(Jonsson & Moshfegh, 2001). Ranging 
from turbulent to laminar flows induced by arrays of square-
shaped blocks were examined (Zhou & Catton, 2011). 
Nanofluids composed of MWCNTs-CuO-Water have been 
tested in microchannel flow cells at various concentrations in 
order to increase their thermal dissipation effects 
(Bouchenafa et al., 2015). The study by Yu et al (2005). 
compared the thermal performance of a plate-fin heat sink 
and a pin-fin heat sink and showed a 30% reduction in 
thermal resistance for the pin-fin heat sink. The geometric 
dimensions of the heat sink and flow conditions were 
necessary to evaluate the heat transfer efficiency. 

Recent studies have also explored natural convection from 
rectangular interrupted fins (Ahmadi et al., 2014), 
highlighting the influence of fin interruptions on heat 
dissipation performance. 
These studies illustrate how engineers are trying to make both 
devices cooler and more efficient by redesigning better heat 
sinks. 
In this work, a comparative numerical analysis of the thermal 
and hydraulic performance of a turbulent flow of 
incompressible air through a rectangular channel-shaped heat 
sink, interspersed with circular and semi-circular fins, with or 
without baffles in the upper and lower inner wall, was carried 
out. To see the effect of geometry on heat dissipation as the 
air entry velocity changes 6.5, 8, 10, 12.2 (m/s). This work 
was carried out after validating the simulations by comparing 
them with experimental (Yu et al., 2005) and Numerical 
results (Zhou & Catton, 2011). 
 

2. PROBLEM DESCRIPTION 

2.1 geometric configuration of the problem  

Figure 1.a.b.c.d. shows the geometry considered in this work. 
The figures represent a rectangular channel of dimensions L 
and H containing three circular (a) and semi-circular (b) 
blocks. Figures (c) and (d) have the same dimensions as 
figures (a) and (b) with the addition of triangular baffles in 
the inner wall of the channel. Table 1 shows the dimensions 
of the four model studied. 
 
                                Table 1. Dimension of geometry 

L(mm) H(mm) x(mm) y(mm) w(mm) z(mm) 
51 5 13 3 8 5 
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2.2 Governing equation  
The flow is assumed as Bidimensional problem, turbulent, 
incompressible, and steady flow, uniform velocity profile at 
the inlet, Physical properties of fluid (air) and solid are 
constant, and radiation is neglected.  
The utilization of governing equations (continuity, 
momentum, and energy) is involved in simulating steady 
fluid flow that is incompressible and heat transfer. 
(Bouchenafa et al., 2015) 
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2.3 k-ε turbulent model 

The k-epsilon (k-ε) turbulence model is based on two 
transport equations: one for the turbulent kinetic energy (k) 

and one for the turbulent kinetic energy dissipation rate (ε). 
These equations are formulated as follows:   
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For the k-e model, the constant terms are presented in Table 
2. 

Table 2. Constants of k–ε model 

constant Cμ C1 C2 σk σε 
value 0.09 1.44 1.92 1.0 1.3 

Where 𝜇𝑡 is the turbulent viscosity, for flows with high 
Reynolds numbers can be represented by (Yu et al., 2005) 

𝜇𝑡 = 𝜌𝐶𝜇
𝑘2

𝜀
                                                                                  (6) 

2.4 Boundary conditions 

The boundary conditions applied to solve the aforementioned 
governing equations in the current computations are 

 The Inlet 

𝑢 = 𝑢𝑖𝑛,                𝑣 = 0,                𝑇 = 𝑇𝑖𝑛                         (7) 

 The Outlet 

𝜕∅
𝜕𝑥

= 0,                 ∅ = 𝑢, 𝑣, 𝑘,𝑇, 𝜀.                                    (8) 

 The Walls of cannel 

𝑢 = 𝑣 = 0,          
𝜕𝑇
𝜕𝑥

= 0                                                     (9) 

 Solid blocks 

𝑇 = 𝑇𝑤                                                                                  (10) 

 

Figure 2. Boundary conditions. 

Figure 1. Geometry of the problem. a/ circular b/ semi-
circular c/ circular with baffles d/ semi-circular with 

baffles. 
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3. NUMERICAL RESOLUTION 

In this work, the COMSOL Multiphysics programme, which 
is based on the finite element method, was used to realise the 
numerical simulation. 

3.1 Validation of results 

Validation of the calculation model and the numerical 
simulation method was carried out via a study using 
calculation software. This simulation was validated by 
comparing its results with experimental data from (Yu et al., 
2005)and (Zhou & Catton, 2011). In figure 3, we see the 
variation in pressure drop plotted as a function of inlet 
velocities; this result confirms the accuracy of our approach 
as it aligns well with both sets of existing data. Good 
agreement between these results means that this issue can be 
examined numerically. 
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Figure 3. Comparison of our pressure drop results with those of 

experimental and numerical studies. 

 

4. RESULTS AND DISCUSSION 

To investigate the effect of block spacing and addition of 
baffles on heat transfer and flow performance for different 
heated blocks located inside the channel, numerical 
simulations were conducted under 10 W heat flux and 
variable inlet velocities of 6.5, 8, 10 and 12.2 m/s. The results 
are presented as thermal resistance and spatial representation 
of velocity at inlet velocity of 10 m/s. 

4.1 Distribution of flow fields 

From the velocity profiles shown in figures 4, 5, 6 and 7 
where the inlet velocity is 10 m/s .It can be seen that 
recirculation zones are formed behind the blocks and between 
the baffles near the inner walls due to the separation of air by 
the latter. The size of the recirculation zones is larger in the 
case of a circular than a semi-circular fin and smaller in the 
case of adding baffles. 

 

 
Figure 4. Spatial representation of velocity for the PPFHS circular 

(uin=10m/s). 

 
Figure 5. Spatial representation of velocity for the PPFHS semi-

circular (uin=10m/s). 
 

  
Figure 6. Spatial representation of velocity for the PPFHS circular 

with baffles (uin=10m/s). 
 

 

Figure 7. Spatial representation of velocity for the PPFHS semi-
circular with baffles (uin=10m/s). 

4.2 Thermal resistance 

The thermal resistance of the heat sink, Rth, can be defined 
by. (Yu et al., 2005) 

𝑅𝑡ℎ =
∆𝑇
𝑄

                                                         (11) 

Where ΔT is the difference between the average temperature 
at the bottom and the air temperature (T). Q is the heat rate.
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Figure 8. Thermal resistance as a function of velocity for 
different geometries. 
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The thermal resistance for the different studied cases of the 
heat sink for different inlet velocities in figure 8 is obtained 
using equation (11). The figure shows that the thermal 
resistance of the heat sink decreases with increasing inlet 
velocity in all cases, and the thermal resistance of the 
semicircular fin heat sink with baffles is about 51% lower 
than the thermal resistance of the circular fin heat sink. 

5.  CONCLUSION 

The study, which involved conducting a numerical analysis to 
examine the effect of design and geometry on the thermal 
behaviour of a two-dimensional heat sink in the form of a 
rectangular channel with heated blocks of different 
geometries, proved that dividing the heated blocks increases 
the contact area between them and the cooled fluid and thus 
significantly reduces the thermal resistance. 

 The addition of baffles allows the liquid flow to be directed, 
increasing the velocity and the contact area between the fluid 
and the heated blocks, thereby significantly improving 
convection. The reduction in thermal resistance was 
estimated to be 51% when the blocks were split and baffles 
were added, compared to circular blocks without baffles. This 
demonstrates the effectiveness of this model in optimising 
heat transfer. 
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