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Abstract 
The most critical problems of electronic components are the high power consumption and lesser life. This paper aims to 
numerically model the working process of the water-cooled heat sink to obtain the most effective design. In this context, 
four types of configurations with different passes (Type-A, Type-B, Type-C, Type-D) were designed at different water 
velocities, which were 0.25 m/s, 0.5 m/s, and 1 m/s with constant air velocity (6 m/s) to simulate fluid flow and the heat 
transfer. Results were evaluated as temperature and pressure contours, velocity streamlines, and the graphics of pressure 
difference, outlet temperature, temperature difference, heat transfer rate to air, and power consumption in relation to 
Reynolds number. Results showed that pressure difference, outlet temperature, power consumption, and heat transfer rate 
to air increased by increasing Reynolds number in all analyses. In all configurations, the water outlet temperatures were 
very close to each other, in the range of 63-65 °C for Re=2500, 70-72 °C for Re=5000, and 74-76 °C for Re=10000. 
Among all configurations, Type-A has the minimum outlet temperature with the value of 63.40 °C for Re=2500, 70.77 
°C for Re=5000, and 74.85 °C for Re=10000. Also, Type-A showed better performance than other models in terms of 
heat transfer rate to air with the value of 1346 W for Re=2500, 1500 W for Re=5000, and 1675 W for Re=10000. The 
maximum pressure difference was obtained in Type-A geometry with the value of nearly 3500 Pa at a Reynolds number 
value of 10000. When the results were evaluated in full scope, it was concluded that Type-B was the most suitable model 
for use in terms of heat transfer, pump power, and inlet-outlet positions. 
 
Keywords: Electronic cooling, Heat sink, Liquid cooling, Numerical modeling 
 
 
Öz 
Elektronik bileşenlerin en önemli sorunları, yüksek güç tüketimi ve kısa ömürdür. Bu çalışmanın amacı, su soğutmalı ısı 
alıcının çalışma sürecini sayısal olarak modellemek ve bu sayede en etkili tasarımı elde etmektir. Bu kapsamda akış ve 
ısı transferini simüle etmek için suyun 0.25 m/s, 0.5 m/s ve 1 m/s hızlarında ve sabit hava hızında (6 m/s) farklı geçişlere 
sahip dört farklı geometri (Tip-A, Tip-B, Tip-C, Tip-D) dizayn edilmiştir. Sonuçlar, sıcaklık ve basınç konturları, akım 
çizgileri ve basınç farkı, çıkış sıcaklığı, sıcaklık farkı, havaya olan ısı transferi ve güç tüketiminin Reynolds ile değişimi 
grafiklerine bağlı olarak değerlendirilmiştir. Tüm analizlerde Reynolds sayısının artışıyla birlikte basınç farkı, çıkış 
sıcaklığı, güç tüketimi ve havaya olan ısı transferi artmıştır. Tüm modellerde suyun çıkış sıcaklıkları birbirine çok yakın 
olup Re=2500 için 63-65 °C, Re=5000 için 70-72 °C ve Re=10000 için 74-76 °C aralığındadır. Tüm modeller arasında 
Re=2500 için 63.40 °C, Re=5000 için 70.77 °C ve Re=10000 için 74.85 °C değerleriyle en düşük çıkış sıcaklığına Tip-A 
sahiptir. Ayrıca Tip-A, Re=2500 için 1346 W, Re=5000 için 1500 W ve Re=10000 için 1675 W değerleri ile havaya olan 
ısı transferi açısından diğer modellere göre daha iyi performans göstermiştir. En yüksek basınç farkı, 10000 Reynolds 
sayısında yaklaşık olarak 3500 Pa değeriyle Tip-A geometrisinde elde edilmiştir. Sonuçlar bütünüyle 
değerlendirildiğinde, Tip-B'nin ısı transferi, pompa gücü ve giriş-çıkış pozisyonları açısından kullanıma en uygun model 
olduğu sonucuna varılmıştır. 
 
Anahtar kelimeler: Elektronik soğutma, Isı alıcı, Sıvı soğutma, Nümerik modelleme 
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1. Introduction 
1. Giriş 
 
Technological developments in recent years have 
led to a great decrease in the size of electronic 
devices, which means higher heat flux generation. 
Heat transfer in these devices has become critical 
in the manufacturing and engineering problems to 
control the working temperature within acceptable 
limits by devising more effective ways to remove 
the waste heat. Therefore, the need for more 
compact, reliable, and modern cooling 
technologies is increasing. There have been 
numerous methods for effective cooling, such as 
heat pipe and jet impingement (Nishino et al., 
1996; Zhao and Avedisian, 1997; Chung and Luo, 
2002; Kim et al., 2003). Generally, heat sinks with 
air at high pressure are used for electronic cooling 
because of their low cost, weight and reliability. 
The main parameters for designing an efficient heat 
sink are simpler structure, higher heat transfer rate, 
and lower pressure drop. The micro-channeled heat 
sink cooling concept is one of the candidates which 
is offered in 1981 by Tuckerman and Pease 
(Tuckerman and Pease, 1981). The advantage of 
this cooling concept is that the large surface area of 
heat transfer and thus a higher heat transfer (Knight 
et al., 1992; Wang and Peng, 1994; Adams et al., 
1998; Hetsroni et al., 2005; Pastukhov and 
Maydanik, 2006). The heat transfer coefficient of 
water is nearly one hundred times higher than that 
of air (Réti, 1999). Thus, using water as a working 
fluid called a liquid cooling system is evaluated as 
a potential system that can provide heat removal. 
The main parts of a liquid cooling system are the 
pump, water-block, radiator, fan and reservoir. The 
working fluid, driven by a pump, circulates through 
pipes located inside the electronic device. In a 
CPU, heat generation occurs and to cool the CPU, 
the working fluid passes through a water-block 
equipped in a CPU. After this, the working fluid 
becomes warmer, and it enters the radiator to be 
cooled by external air. Then, the cooled working 
fluid circulates back to the heating area, repeating 
continuously. The cooled working fluid circulates 
back to the heating region, and the same process is 
repeated and the cycle continues. 
 
Some researchers have improved such techniques 
by inserting fins to dissipate heat effectively 
(Nishino et al., 1996; Zhao and Avedisian, 1997; 
Wang and Vafai, 2000). Jajja et al. (Jajja et al., 
2014) investigated the thermal management of 
higher heat generation in microprocessors with five 
different heat sinks with different fin spacings. 
Their results showed that thermal resistance and 
the base temperature of the heat sinks are decreased 

by reducing the fin spacing and by increasing the 
volume flow rate of coolant through the heat sink. 
In the study of Wei and Joshi (Wei and Joshi, 
2003), they obtained that optimizing the channel 
configuration such as aspect ratio, fin thickness and 
a ratio of channel width to fin thickness provided a 
reduction in thermal resistance. Toh et al. (Toh et 
al., 2002) numerically investigated the cooling 
behavior of an electronic device in laminar flow 
conditions. They observed that increasing the 
temperature decreased the viscosity and friction 
losses at the same Reynolds number. The role of 
conduction heat transfer in a heat sink was 
investigated by Tiselj et al. (Tiselj et al., 2004). 
They stated a nonlinear relationship in the heat 
transfer between the cooler and the surface wall. 
 
Naphon et al. (Naphon et al., 2009) numerically 
investigated the fluid flow and heat transfer in the 
mini-rectangular fin heat sink for CPU. They stated 
that there is a reasonable agreement between the 
predicted results and experiments. Naphon et al. 
(Naphon and Wiriyasart, 2009) experimentally 
investigated the liquid cooling in the mini-
rectangular fin heat sink with and without 
thermoelectric for CPU. They compared 
thermoelectric cooling with the other cooling 
techniques and found that the thermoelectric has a 
significant effect on the CPU cooling of PC. Cova 
et al. (Cova et al., 2013) investigated the cooling 
effect of power converters with water as coolant in 
the heat sink. Xie et al. (Xie et al., 2006) 
numerically investigated the pressure drop and 
turbulent heat transfer characteristics in a water-
cooled mini channel heat sink. Conrad et al. 
(Conrad et al., 2015) studied the thermal behavior 
of a heat sink with pin-fin on the chip. They stated 
that suspending the nano-sized particles in the 
range of 1–100nm in the base fluids enhanced the 
thermal conductivity of a fluid. 
 
With the developments in computer and CFD 
technology, the flow and heat transfer process 
simulation becomes more reliable and faster. The 
manufacturers which produce liquid coolers for 
CPUs in the market claim that they get better 
performance in terms of heat transfer by making 
changes in the circulation pattern of the liquid 
inside the channels of the liquid cooler. This work 
provides an idea about the accuracy of these 
claims. Thus, the main aim of this paper is 
numerically investigate the working process of the 
water-cooled heat sink, which is often used in 
electronic devices. In literature, studies generally 
focused on the geometrical effects of the water 
channels and the fluids used in the channels on 
fluid flow and heat transfer characteristics. There is 
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a lack on the effects of the passes and the paths on 
heat transfer and fluid flow characteristics in a 
water-cooled heat sink. Also, studies in which the 
analysis of the heat transfers both in the water and 
air sides are considered are very limited. In this 
study, four types of water block with different 
passes were designed to simulate fluid flow and 
heat transfer at three different water velocities. To 
model the turbulent flow, Standart k-ε model was 
used. Results were evaluated as temperature and 
pressure contours, velocity streamlines and the 
graphics of pressure difference, outlet temperature, 
temperature difference, total thermal resistance, 
heat transfer rate to air, hydraulic power in relation 
to Reynolds number. 
 
2. Materials and methods 
2. Materyal ve metod 
 
Turbulent flows can be modeled using the finite 
volume method with Computational Fluid 
Dynamics (CFD) programs. In the calculation of 
flow problems, mass, momentum, and energy 
conservation equations need to be solved. These 
differential equations are solved using boundary 
conditions suitable for problems. For turbulent 
steady-state flow, time-averaged continuity, 
momentum, and energy equations were expressed 
as follows: 
 

= 0                (1) 

 

U = ν − u u −              (2) 

 

U = α − u t               (3) 

 
where U , is the mean-velocity vector, P is the mean 
static pressure, ρ is the fluid density and ν is the 
fluids kinematic viscosity. Reynolds stresses (u u ) 
in momentum conservation equation is defined by 
 

−u u = ν + − δ k             (4) 

 
where ν  is turbulent viscosity and defined as: 
 

ν = C                 (5) 

 
where k is the turbulent kinetic energy and ε is 
turbulent dissipation rate.  
 
There are lots of turbulence models to simulate the 
turbulent flow and Standart k-ε model is one of 
them which is widely used for the heat transfer and 
fluid flow analysis (Choi et al., 2011). Due to this 
reason, Standart k-ε turbulence model was used in 
this study. The Standard k-ε model is a semi-
empirical two-equation model based on modeling 
the transport equations for turbulent kinetic energy 
(k) and turbulent dissipation rate (ε). In this model, 
turbulent viscosity is assumed to be proportional to 
turbulent velocity and length scale. These velocity 
and length scales are derived from the turbulent 
kinetic energy (k) and its dissipation rate (ε). The 
turbulent kinetic energy (k) and the amount of its 
dissipation rate (ε) are obtained from the following 
equations: 

(ρk) + (ρu k) = μ + + G + G − ρε − Y + S        (6) 

 

(ρε) + (ρu ε) = μ + + C (G + C G ) − C ρ  + S       (7) 

 
In these equations, G  represents the generation of 
turbulence kinetic energy due to the mean velocity 
gradients, G   is the generation of turbulence 
kinetic energy due to buoyancy, Y   represents the 
contribution of the fluctuating dilatation in 
compressible turbulence to the overall dissipation 
rate, C  , C  and C  are constants. σ  and σ  are 
the turbulent Prandtl numbers for k and ε, 
respectively. S  and S  are user-defined source 
terms. The values of the constants used in the 
Standard k-ε model are given in Table 1 (Fluent, 
2017). 
 
 

Table 1. The values of the constants used in the 
standard k-ε model 
Tablo 1. Standart k- ε model’de kullanılan sabitler 
 

Constant Value 

C  1.44 

C  1.92 

C  0.09 

σ
 

1.0 

σ
 

1.3 
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Turbulent heat flux in the conservation equation of 
energy u t  defined as: 

u t = α                 (8) 

 
where α  is turbulence heat dissipation coefficient 
and defined as: 
α =                 (9) 

 
where Pr  is turbulence Prandtl number. 
 
In the calculation of Nusselt number (Nu) and 
Reynolds number (Re) the following equations 
were used: 
 

Nu =
 

              (10) 

Re =
 

              (11) 

 
In these equations, d is the tube diameter, k is the 
heat conduction coefficient, h is the local heat 
transfer coefficient, V is the average air velocity 
and υ is the kinematic viscosity. 
 
The hydraulic power (P ) required for the water 
to circulate in the tube at the desired flow rate is 
obtained from: 
P = ∆p �̇�              (12) 
 
where ∆p and �̇�  are pressure loss and flow rate, 
respectively. 
 
Figure 1 shows the designed channeled water-
block heat sink configurations. As shown from the 
figure, in Type A, water enters to one channel and 
passes six times in the channels and exits from the 
parallel side of the channel. In Type B, water enters 
to three channel and exits from the parallel side of 

the three channels. In Type C, water enters to six 
channel and exits from the opposite side of the six 
channels. In Type D, water enters via two channels 
on two parallel sides and exits from two channels 
in the middle. As mentioned above, the air enters 
through a rectangular cross-section and exits from 
its opposite surface. 
 
To solve the problem, the geometry must be 
meshed in CFD. To obtain a good mesh structure, 
values such as element quality, orthogonal quality 
and skewness are desired to be close to the values 
of 1, 1 and 0, respectively (Fluent, 2017). In 
addition to these features, mesh size is also an 
important parameter. Reducing the mesh size 
usually has a positive effect on the quality of the 
mesh structure, but this will increase the number of 
elements and nodes in the mesh structure, thus 
extending the time required for the solution. In this 
context, the optimal mesh size must be found. In 
this study, coarse, medium and fine mesh structures 
were tested to determine the grid-independent 
solution. The tetrahedral element was employed in 
the meshing process to obtain a good mesh of 
geometries where folds are intense. The medium 
and fine mesh structures were in acceptable ranges 
in terms of element quality, average skewness and 
orthogonal quality. Also, the results of medium and 
fine mesh structures were close to each other so the 
medium mesh structure was used in this study to 
save computation time. The medium mesh 
structure of geometry is shown in Figure 2. Finer 
computational grids were set near the wall and y+ 
value was less than 2. This mesh has a total 
10815227 number of elements and 1815073 nodes. 
The properties of the mesh structures and results of 
water outlet temperatures are shown in Table 2, 
which were calculated at a water inlet velocity of 
0.5 m/s. The properties of materials used in the 
analysis are shown in Table 3. 

 
Table 2. Properties of mesh structures used in the analysis 
Tablo 2. Analizlerde kullanılan mesh yapılarının özellikleri 
 
 Type A Type B Type C Type D 

 Coarse Medium Fine Coarse Medium Fine Coarse Medium Fine Coarse Medium Fine 
Average 
skewness 

0.28 0.25 0.23 0.28 0.25 0.24 0.28 0.25 0.24 0.28 0.24 0.23 

Average 
orthogonal 

quality 
0.71 0.75 0.76 0.71 0.74 0.75 0.71 0.74 0.75 0.71 0.75 0.76 

Average 
element 
quality 

0.79 0.82 0.83 0.79 0.82 0.83 0.79 0.82 0.83 0.79 0.82 0.83 

Node  
number 

353028 1837309 3611521 352623 1815073 3407737 344192 1827020 3412037 348751 1761694 3802178 

Element 
number 

2081144 10931030 21477170 2077554 10815227 20291542 2031738 10894757 20313286 2055838 10488333 22565133 

Outlet 
temperature 

73.2 70.7 69.5 73.6 70.8 69.5 73.3 70.9 69.8 73.6 71.3 69.8 
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Figure 1. The flow channels (left) and isometric view of the channel heat sinks (right) 
Şekil 1. Kanallı ısı alıcıların akış kanalları (solda) ve izometrik (sağda) görünümleri 
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Figure 2. The mesh structure of Type-B channel heat sink. 
Şekil 2. Tip-B kanallı ısı alıcının ağ yapısı 

 
Table 3. Properties of the materials used in the analysis 
Tablo 3. Analizlerde kullanılan materyallerin özellikleri 

 
Names Thermal conductivity  

𝜆 
(𝑊 ∙ 𝑚 ∙ 𝐾 ) 

Density 
𝜌 
(𝑘𝑔/𝑚 ) 

Specific heat  
𝑐  
(𝑗/𝑘𝑔 ∙ 𝐾) 

Heat sink 202.4 2719 871 

Air 0.0242 1.225 1006.43 

Water 0.6 998.2 4182 

 
To numerically analyze the designed heat sink 
configurations, three average inlet water velocities 
of 0.25 m/s, 0.5 m/s and 1 m/s were chosen by 
holding the air velocity constant at 6 m/s. While 
calculating the Reynolds number, the average 
velocity values at the inlet were based on both the 
air and water sides. In this case, the flow on both 
sides became turbulent. Numerical calculations 
were made with ANSYS Fluent CFD program. The 
outlet and inlet sections were defined as pressure 
outlet and velocity inlet, respectively. The water 
and air inlet temperatures were 80 °C and 25 °C, 
respectively. Atmospheric pressure was selected at 
water and air outlets. The coupled wall condition 
was adopted to provide conjugate heat transfer at 
interfaces between liquid and solid domains. Four 
side surfaces of the air domain and surfaces of the 

water channels outside the air domain were 
selected as adiabatic walls. The boundary 
conditions of the channel heat sink were shown in 
Figure 3. Steady-state pressure-based solver were 
employed for numerical solution. Standart k-ε 
model was used as turbulence model. 
 
In all solutions, SIMPLE algorithm was used to 
solve the discretized equations of pressure-velocity 
coupling. The standard scheme was used to 
discretize pressure and the first-order upwind 
scheme was used to discretize momentum, 
turbulent kinetic energy and turbulent dissipation 
rate. For all dependent variables, the convergence 
criteria for the residuals were set to 10-6. 
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Figure 3. The boundary conditions of the channel heat sink, a) front view, b) top view 
Şekil 3. Kanallı ısı alıcıların sınır şartları, a)ön görünüm, b) üst görünüm 

 
3. Results and discussions 
3. Bulgular ve tartışma 
 
This work carried out calculations for 12 different 
situations using four different geometries (Type-A, 
Type-B, Type-C, Type-D), and three different 
average inlet water velocities (0.25 m/s, 0.5 m/s 
and 1 m/s). The average inlet velocities of 0.25, 0.5, 
1 m/s represent the Reynolds numbers of 2500, 
5000, 10000, respectively. Figure 4 shows the 
temperature contours for four different geometries 
at water velocity value of 0.5 m/s. Since the other 
velocity values were similar, these results were not 
shown both here and in the contour results from 
now on. 
 
It can be said that when the Reynolds number 
decreased, the water outlet temperatures also 
decreased, as water is exposed to air for a longer 
time at low flow velocity. In all cases, the average 

temperatures throughout the channels were in the 
range of 70 °C -80 °C. 
 
To compare the configurations with each other it is 
difficult to make a precise comment from these 
contours. A more precise comparison will be made 
with the graphs given depending on the outlet 
temperature values in the following section. 
 
Figure 5 shows the velocity streamlines contours of 
four different geometries at a water velocity value 
of 0.5 m/s. Increasing the water velocities 
increased eddies in all cases. Also, it is seen that 
eddies increase with the increase in the number of 
elbows in the configurations. While the velocity 
and mass flow per water channel remained constant 
in Type-A, in Type-B and Type-C dropped to one-
third and to one-sixth, respectively. The same 
parameters in Type-D dropped to one-fourth at the 
inlet and to half at outlet section. 
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Figure 4. Temperature contours for different geometries at water velocity value of 0.5 
m/s, a) Type-A, b) Type-B, c) Type-C, d) Type-D 
Şekil 4. 0.5 m/s su hızı değerinde farklı geometriler için sıcaklık konturları, a) Tip-A, b) 
Tip-B, c) Tip-C, d) Tip-D 

 

 
 

Figure 5. Velocity streamlines for different geometries at water velocity value of 0.5 m/s, 
a) Type-A, b) Type-B, c) Type-C, d) Type-D 
Şekil 5. 0.5 m/s su hızı değerinde farklı geometriler için hız akım çizgileri, a) Tip-A, b) 
Tip-B, c) Tip-C, d) Tip-D 
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Increase in heat transfer generally causes an 
increase in pressure loss. This situation is shown in 
Figure 6. Pressure contour views were taken from 
the middle cross-section, and the highest pressures 
indicated on the scale occurred at the corners of the 
three-dimensional geometries. As seen from this 
figure, Type-A has the highest pressure loss with a 

value of 1538 Pa. The increase in the number of 
passes in the pipe increased the pressure loss. The 
other geometries had similar pressure loss, and the 
lowest pressure loss is obtained in the Type-C 
geometry with a value of 250 Pa. 
 

 

 
 

Figure 6. Pressure contours for different geometries at water velocity value of 0.5 m/s, a) Type-A, b) 
Type-B, c) Type-C, d) Type-D 
Şekil 6. 0.5 m/s su hızı değerinde farklı geometriler için basınç konturları, a) Tip-A, b) Tip-B, c) Tip-C, 
d) Tip-D 

 
Graphics of the analysis results of the channel 
water block heat sink system were given in Figure 
7. Some terms were explained following. The 
hydraulic power means that the required power to 
overcome pressure losses, the outlet temperature 
means the water outlet temperature from the tube, 
the temperature difference means the difference 
between water inlet and outlet temperatures.  
 
As can be seen from Figure 7.a, in all 
configurations, the outlet temperatures of water 
were very close to each other which were in the 
range of 63-65 °C for Re=2500, 70-72 °C for 
Re=5000 and 74-76 °C for Re=10000. Among all 
configurations, Type-A has the minimum outlet 
temperature with a value of 63.40 °C for Re=2500, 
70.77 °C for Re=5000 and 74.85 °C for Re=10000. 
Type-D has slightly higher outlet temperature 

among all models with a value of 64.40 °C for 
Re=2500, 71.36 °C for Re=5000 and 75.41 °C for 
Re=10000. The highest temperature difference in 
relation to the outlet temperatures also occurred in 
Type-A configuration which is 16.60 °C for 
Re=2500, 9.23 °C for Re=5000 and 5.15 °C for 
Re=10000. As shown in Figure 7.b, the 
temperature difference values were very close to 
each other which were in the range of 15-17 °C for 
Re=2500, 8-10 °C for Re=5000 and 4-6 °C for 
Re=10000. 
 
As the water velocity increased, the outlet 
temperature also increased. It is difficult to 
compare configurations as the values in terms of 
outlet temperatures which are very close to each 
other in all types. Therefore, to compare the heat 
transfer performances, it is necessary to look at the 
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heat transfer rate to air. Figure 7.d shows the 
variation of heat transfer rate to air with Reynolds 
number. According to this figure, Type-A showed 
better heat transfer performance than other models 
with the value of 1346 W for Re=2500, 1500 W for 
Re=5000 and 1675 W for Re=10000. The worst 
performance occurred in Type-D configuration. 
According to the heat transfer rate to air, the best 
cooling performance can be listed from high to low 
as follows: types A, B, C and D, respectively. 
 
The maximum pressure difference was obtained in 
Type-A geometry with a value of nearly 3500 Pa at 
Reynolds number value of 10000 as shown in 
Figure 7.e. Type-A was followed by Type-D, 
Type-B and Type-C geometries. The increase in 

pressure differences means an increase in the 
pumping power. In this sense, the most power 
consumption occurred in the Type-A configuration 
(Figure 7.f) with a value of 275 mW at Re=10000, 
which had the highest pressure difference. In all 
models, at Re=2500, power consumptions were 
very low and were in the range of 1-13 mW. Based 
on these results, it was inferred that water passes 
had a significant effect on pump power. 
 
In all analyses, pressure difference, outlet 
temperature, hydraulic power, heat transfer to air 
increased proportionally by increasing Reynolds 
number while temperature difference and total 
thermal resistance decreased. 
 

 

 
 

Figure 7.  a) Outlet temperature, b) temperature difference, c) total thermal resistance, d) heat 
transfer to air, e) pressure difference, f) hydraulic power in relation to Reynolds number 
Şekil 7. a) Çıkış sıcaklığı, b) sıcaklık farkı, c) toplam ısıl direnç, d) havaya ısı transferi, e) basınç 
farkı, f) Reynolds sayısına göre hidrolik güç 
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In all geometries, the highest heat transfer occurred 
where the highest pressure drop occurred, and this 
situation was given in Figure 8. In the Type-A 
model, where the highest pressure drop was 
obtained, when the pressure loss was 660 Pa, 1540 
Pa and 3500 Pa, the heat transfer rate to air was 
1346 W, 1500 W, 1675 W, respectively. 
 

 
 
Figure 8. The increase in heat transfer in relation 
to the increase in pressure drop 
Şekil 8. Basınç düşüşündeki artışa bağlı olarak ısı 
transferindeki artış 
 
4. Conclusions 
4. Sonuçlar 
 
In this study, thermal performance of water-cooled 
heat sink configurations at different water 
velocities (0.25 m/s, 0.5 m/s and 1 m/s) was 
investigated numerically. This study showed that 
increasing the water velocities increased the 
pressure difference, outlet temperature, heat 
transfer rate to air and hydraulic power in all 
analyses. The outlet temperature values were close 
to each other in all type of configurations which 
were in the range of 63-65 °C for Re=2500, 70-72 
°C for Re=5000 and 74-76 °C for Re=10000 but it 
was slightly higher in Type-D which is 64.40 °C 
for Re=2500, 71.36 °C for Re=5000 and 75.41 °C 
for Re=10000. Among all configurations, Type-A 
has the minimum outlet temperature with a value 
of 63.40 °C for Re=2500, 70.77 °C for Re=5000 
and 74.85 °C for Re=10000. The highest 
temperature difference in relation to the outlet 
temperatures also occurred in Type-A 
configuration which is 16.60 °C for Re=2500, 9.23 
°C for Re=5000 and 5.15 °C for Re=10000. The 
cooling performance can be better understood by 
looking at the heat transfer rate to air. According to 
this result, Type-A had the best cooling 
performance with a value of 1346 W for Re=2500, 

1500 W for Re=5000 and 1675 W for Re=10000, 
while Type-D had the worst performance with the 
value of 1243 W for Re=2500, 1377 W for 
Re=5000 and 1462 W for Re=10000. 
 
The maximum pressure difference was obtained in 
Type-A geometry with a value of nearly 3500 Pa at 
Reynolds number value of 10000. The increase in 
pressure differences means an increase in the 
pumping power. In this context, the most power 
consumption occurred in the Type-A configuration 
(Figure 7.f) with a value of 275 mW at Re=10000 
which had the highest pressure difference. In all 
models, at Re=2500, power consumptions were 
very low and were in the range of 1-13 mW. 
 
Generally, it was observed that the effect of 
different water passes on heat transfer was limited 
but significantly affects the pump power that 
provides the flow of water. Moreover, pump power 
emerges disadvantages, such as larger pump, 
higher operating temperature, and shorter pump 
life. As a result, the use of Type-B was found more 
convenient due to the advantage of pump power 
and water inlet-outlet positions. In Type-A design, 
it was concluded that since a breakdown in one of 
the channels would make the whole system 
inoperable and the highest pump power was in this 
design, it should be preferred less than the others. 
The results of this study could provide valuable 
information for CPU manufacturers that can help 
improve the future design.  
 
The calculations performed in this study give a 
numerical estimation of the water-cooled heat 
sinks. Hence, there is much scope for further 
research to understand exactly the working of the 
equipment. Without experimental validation, the 
CFD results will not be completely sufficient. 
Therefore, in future studies, the validation of the 
CFD results with experimental data will be 
beneficial. In this context, various numerical 
models could be validated with the measured 
experimental data. 
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