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 In this study, experimental investigation of thermal and aerodynamic performances of a 
rectangular mini-channel heat sink subjected to an impinging air jet was carried out with the aim 
to improve the cooling performance of personal computer CPUs. The influence of the impinging 
distance on the velocity profile, the pressure drop, the case temperature, the thermal resistance, 
and the heat transfer coefficient are studied. Moreover, the effect of the positioning of the 
microprocessor (heat source) on the thermal performance was investigated. The results show a 
ratio "height jet/diameter" Y/D=0.606 offer a better cooling, and a longitudinal displacement of 
the heat source (central processor unit) 10 mm from the original position (center) improve the 
cooling performance. The enhancement rate was in a range of 10% compared to the initial 
position (central position before shifting the source). 
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1. INTRODUCTION 
 

Recent advances in electronics industries have resulted in 
an abrupt increase in power dissipation which has resulted in 
severe operating constraints, particularly for desktop 
microprocessors (CPUs). In order to function correctly, the 
microprocessor must have a case temperature less than an 
operating limit specified by the manufacturer. 

Excessive overheating degrades CPU performance, reduces 
CPU life, and can cause failure. The study of the thermal 
behaviour of the CPU will therefore help to predict its 
reliability, its lifetime and the evolution of its performance 
over time. The need to improve the cooling techniques of high-
power CPUs has widened the scope of the research on heat 
transfer at the latter, in particular on the maximum case 
temperature beyond which the component is destroyed. 

Without effective heat transfer, excessive temperatures can 
make the operating performance of these components unstable, 
potentially reducing their lifetime by causing them to be 
damaged. Thus, the major challenge in the design of electronic 
components is to improve the efficiency of their heat transfer [1]. 
To do this, an effective cooling system must be designed to 
evacuate the amount of heat generated during the operation of 
the computer. This, in order to maintain their stability and 
reliability. The heat sink undergoing an impact air jet is the most 
widely used means of cooling electronic components because of 
its favorable unit cost, weight and reliability. The efficiency of 
these heat dissipation devices is imperative in their design, with 
a view to optimizing the cooling of the circuits to which they are 
connected [2]. Many researchers have studied the thermal and 
hydrodynamic characteristics of different heat sinks subjected to 
an impacting jet of air. Brignoni, L.A. and Col. [3] and El-Sheikh, 
H.A. and Col. [4] experimentally studied the heat transfer 
enhancement of squared pin- fins, subjected to a confined jet of 

air impinging for different Reynolds numbers and a fixed jet 
height. They have obtained that the heat transfer coefficient 
increases when the diameter of the jet decreases under a fixed air 
flow rate. This parameter is improved by 2.4 to 9.2 times more 
than that obtained with a plate fin heat sink. As for Maveety, J.G. 
and Col. [5-6], they carried out experimental and numerical 
studies on the performance of pin-fin heat sink, cooled by an 
impingement air jet. They have shown that geometry, air jet 
height and Reynolds number have a significant influence on the 
performance of heat sinks. In another study, Biber, C.R. and Col. 
[7] and Sathe S.B. and Col. Have described the process of 
optimizing a parallel fins heat sink associated with a fan for 
cooling electronic components. The parameters taken into 
account are the thickness of the fin, its height and its density as 
well as the number of fins. They draw the following conclusions: 
the sensitivity to the number of fins decreases as the fin height 
increases with a wider inter-fin space, which would be more 
suitable for a smaller pressure drop compared to narrow space 
inter-fin. Duan, Z.P. and Col. [9] studied the optimization of the 
performance of a plate fin heat sink under a rectangular 
impinging jet. The results showed that by cutting the fins located 
under the impact zone; this reduced the pressure drop without 
affecting the heat transfer. 

Duan, Z.P. and Col. [10] and Muzychka, Y.S. [11] carried out 
a series of experiments on the thermal and aerodynamic 
performances of four plate fin heat sinks subjected to an 
impinging air jet in order to study the influence of the jet width, 
inter-fin spacing, the height of the fins and the flow velocity on 
the pressure drop and on the thermal resistance. Hung-Yi, L. and 
Cil. [12-13], have experimentally studied the thermal and 
aerodynamic performances of plate fin heat sink, subjected to 
confined air jet cooling. They found that at a specific Reynolds 
number, corresponds to an adequate blowing distance, giving the 
lowest thermal resistance. They obtained that the blowing 
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distance increases with the Reynolds to a ratio between the 
impact distance and the jet diameter, Y/D = 20, where it reaches 
a minimum value. Beyond the value of the ratio Y/D = 20, the 
thermal resistance increases with a smaller fin height effect than 
the Reynolds number of the impinging jet. Dong-Kwon, K. et al. 
[14] carried out an experimental study by comparing the thermal 
performance of the plate fin heat sink with those of the pin-fin 
heat sink, subjected to impinging air jet. Experimental 
investigations were carried out for different flow rates and 
channel widths. It is found that plate fin heat sinks exhibit the 
lowest thermal resistance when the power dissipated is large and 
the length of the heat sink is small. Diani, A, and Col. [15], have 
developed a numerical model on the thermal and aerodynamic 
performances of a plate fin heat sink, which they were able to 
validate by experimental measurements carried out on the same 
heat sink model. The experiments were carried out by varying 
the mass flow of air for two different heat fluxes. They find that 
the overall heat transfer coefficient increases with the flow rate 
while the temperature at the heat sink wall decreases. Moreover, 
the flow rate and heat transfer characteristics of a plate fin heat 
sink cooled by a rectangular impinging jet for different jet widths 
were studied experimentally and numerically by Mesalhy, OM 
and El-Sayed, MM [16]. The study was carried out for several 
fins at different heights, under a turbulent jet stream. The results 
showed that the use of a narrow jet provides better dissipation of 
heat or even better cooling for heat sinks with a minimum 
number of short fins. In the literature, other researches have been 
developed in the aim to determine the average coefficient of heat 
transfer [17-18]. 

In light of the above, a limited number of researches exists in 
the literature to understand the performance of heat sinks under 
impinging air cooling, particularly for the plate fin heat sinks due 
to the complexity of the thermal and aerodynamic characteristics. 
It can be said that the domain is still virgin and needs to be even 
better explored. The aim of this research is to carry out an 
experimental study in order to improve the thermal and 
aerodynamic performance of a plate fin heat sink with 
rectangular mini-channels subjected to an impinging air jet 
coming from an axial fan for cooling desktop central processing 
unit (CPU). The influence of the height of the cooling fan and 
the positioning of the heat source under the heat sink on its 
thermal and aerodynamic performances are studied and 
discussed in order to optimize the cooling system. 

 
 

2. Experimental equipment 
 
The experimental test bench, shown in FIG. 1, consists 

essentially of an impinging air jet system, a heat sink (see FIG. 
2) and devices for measuring the flow velocity, the pressure 
difference and the temperatures. The impact air jet system (1) 
consists of an axial fan 70x70x15 mm, type 12VDC 0.7A, 
delivering an impinging air of 42 m3/h with a jet diameter D = 
66 mm, the motor of which is powered by a DC voltage source 
(2). The speed of the fan varies with the supply voltage. The 
air flow is routed from the fan to the heat sink along a Plexiglas 
duct (3). 

The heat sink (4) with rectangular mini-channel plate fin is 
made of pure extruded aluminum (FIG. 2), by virtue of its low 
density ρ = 2702 kg/m3 and its high thermal conductivity, In 
the order of 237 Wm-1 K-1 [19]. Its dimensions are shown in 
Table 1 below. 

 
 

Figure 1. Experimental rig 
 

Table 1. Heat sink dimensions 
 

N 27 
W (mm) 66 
ha (mm) 32 
L (mm) 82 
hb (mm) 4 
lc (mm) 1.5 
la (mm) 1 
H (mm) 36 

 
A heat source (5) of dimensions 35x35x15 mm, emitting a 

power of 80 Watt simulating the central processing unit, is fixed 
on the base of the heat sink and surrounded by an insulation to 
minimize thermal losses. A thermal grease was applied to ensure 
better thermal conductivity between the heat source and the heat 
sink (FIG. 3). The jet of air is placed above the heat sink, at 
blowing heights whose variation will have a notable influence on 
the velocity of air flow. 

 

 
 
Figure 2. Rectangular minichannel plate fin heat sink 

 

 
 

Figure 3. Fixing of the heat source on the heat sink 
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3. EXPERIMENTAL METHODOLOGIES  
 

The air flow temperatures and those through the heat sink 
are measured with an accuracy of ± 0.4% using thermocouples 
(see Fig 1) of type K Ø 0.2 mm, connected to a digital 
thermometer (6). The flow velocity is measured along the 
air/heat sink impinging surface with a hot wire anemometer 
probe moving perpendicular to the channel axis of the heat 
sink (7) displaying an accuracy of ±0.3%. The pressure drops 
across the heat sink, Δp = pin-pout, is measured by two pressure 
taps, one at the inlet and the other at the heat sink outlet, 
connected to a differential pressure gauge with digital display 
(8), the precision of which is evaluated to ±0.5%. Several 
mean velocities of blowing, ranging from 0.5 m/s to 5 m/s, 
under a laminar flow regime in the channels of the heat sink, 
are indeed adopted. The flow regime is defined by the 
Reynolds number as follows: 
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where A is the exchange surface between two adjacent fins. 
At steady state, the thermal balance between the heat sink 

and the external environment is expressed as follows: 
 

lossradconvelec QQQQ ++=  (2) 
  
Qelec is the total electrical power applied at the base of the heat 

sink, Qconv, Qrad, Qloss are the heat transfer flows of the heat sink 
by convection, radiation and conduction heat losses, respectively. 

The radiative heat power Qrad, is given as follows [20]: 
 







 −= awsrad TTFAQ 44σ  (3) 

 
Since the fins and base of the heat sink are made of highly 

polished aluminum to reduce their emissivity, Qrad will be 
neglected in what follows. 

Thermal losses by Qloss conduction are minimized by the good 
insulation of the heat source and the base of the heat sink. 
According to [21], we write: 
 

insinsloss TX
AKQ ∆=                                                                (4) 

  
where A is the base surface of the heat sink, Kins is the thermal 
conductivity of the insulation, ΔTins is the temperature 
difference across the insulation and ΔX is the thickness of the 
insulation. 

The convective heat transfer coefficient h is calculated 
according to [22] as follows:  
 

[ ] [ ]jetj
losselec

jetjt
conv

TTAt
QQ

TTA
Qh

−
−=

−
=                                            (5) 

 
With: Tjet≈Tamb and At is the heat exchange surface, given 

according to [23; 24] by the relation: 
 

bft ANAA +=   (6) 

The thermal resistance is calculated by the following 
relation: 

 

QlossQelec
TjetTjAt
−
−=                                                              (7)  

 
 
4. RESULTS AND DISCUSSIONS 
 
4.1 influence of the height of the impinging jet on the velocity 
profile 
 

The velocity of the jet in the considered cooling system is 
low in the central zone of the duct. This is due to the passive 
area of the axial fan motor, thus causing a low cooling zone 
[25]. This zone of low air jet corresponds to the hottest zone 
on the heat sink [26]. It is noted that the passive surface of the 
axial fan wheel occupies 20% of the input surface of the 
impact air jet (Figure 4). On the basis of which is setting the 
heat source which is thermally insulated from the external 
environment. To evacuate the maximum heat through the 
channels of the heat sink, by improving the flow of air in the 
zone at low velocity, the Y/D ratio is varied. For the present 
study, three impact air jet heights are considered: Y / D = 0.303, 
Y / D = 0.606, Y / D = 0.909. figure5 a, b, c illustrates the 
velocity profiles of the impact air jet for the different jet 
heights., for a constant operating velocity of the axial fan, it 
can be seen that for a constant operating speed of the axial fan, 
when approaching the central impact zone, the speed of the air 
jet decreases. 

 

 
 

Figure 4. Axial fan 
 

 
 

(a) Y/D=0.303 
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(b) Y/D=0.606 

 
(c) Y/D=0.909 

 
Figure 4. Influence of the height impinging jet on the 

velocity profile 
 

4.2 Influence of the height of the impinging jet on the 
junction temperature 

 
Figure 5. a,b,c illustrates the change in the case temperature 

between the heat source and the base of the heat sink as a 
function of the mean jet velocity for different Y/D ratios. The 
case temperature Tcase decreases with a substantially linear 
appearance when the velocity of the jet increases. When the 
velocity of the jet reaches 3.5 m/s, the flow regime being 
laminar (Re=640), the junction temperature takes a linear form 
with a slight slope. 

 

 
(a) 

 
(b) 

 
(c) 

 
Figure 5. Junction temperature versus the jet velocity 

 
As for the influence of the jet height on Tcase, it can be seen 

that the case temperature assumes higher values for Y/D ratios 
greater than 0.606. This is also true for ratios below 0.606, 
which could be explained by the fact that the spacing between 
the jet and the heat sink becomes confined, thus preventing the 
jet to flourish sufficiently to ensure to the heat sink better 
cooling. By making a connection between figures 4 and 5, it 
can be deduced that the Y/D = 0.606 station offers better 
cooling to the central processing unit than all the other stations. 

 
4.3 Influence of the height of the jet impinging on the 
thermal resistance 
 

The variation of the impact distance affects not only the 
velocity of the jet but also the range of the jet in the heat sink. 
To study the influence of the impact distance (Y / D) on the 
thermal resistance, reconsider the three heights (stations) of jet, 
where the velocity of the jet of air varies from 1.5 m/s to 4 m/s. 
The results are shown in Figures 6.a, b, c. 

Indeed, we see that the thermal resistance increases if the 
impact distance Y/D is too long or too short. The results 
indicate that the thermal resistance obviously decreases with 
an increase in the Y/D. On the other hand, it increases with 
Y/D. It turns out that the ratio Y / D = 0.606 is the most suitable 
for effective reduction of the thermal resistance. 
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(a) Y/D=0.303 

 
(b) Y/D=0.606 

 
(c) Y/D=0.909 

 
Figure 6. Thermal resistance as a function of jet velocity 

 
If the jet height is too short, the impact distance of the jet is 

limited, which minimizes the heat exchange between the jet 
and the heat sink. If now the impact distance is too long, the 
jet may not be able to effectively penetrate the inter-fin space 
to evacuate the heat. 

Figure 6 also shows the evolution of the thermal resistance 
as a function of the average velocity of the jet. It can be seen 
that as the velocity of the jet increases, the thermal resistance 
decreases, first with a steeper slope up to a velocity of 3.5 m/s 
where it becomes practically insensitive to the velocity of the 
jet. This decrease in thermal resistance as the velocity of the 
jet increases, shows the increase in heat dissipation. This result 
is comparable to the results obtained experimentally by Duan 
and Muzychka [9], by the difference found between the two 

results is due probably to the difference which exists between 
the configurations of the heat sink used. 

 
4.4 Evolution of pressure drop through the heat sink 
channel as a function of jet velocity 

 
The pressure drop ΔP, which is the other aerodynamic 

performance of the heat sink, is measured for the optimal jet 
height of 40 mm (Y/D=0.606), as a function of the mean air 
jet velocity. According to figure7, the pressure drop increase 
gradually to a speed of 3.5 m/s, where they maintain the same 
slope. This result is comparable to the result obtained by Duan 
and Muzychka [10]. We deduce that the jet velocity when 
taking larger values favors the increase of the pressure drop 
especially above the jet velocities exceeding 3.5 m/s as 
illustrated in the figure 7. 

 

 
 

Figure 7. Pressure drop in the heat sink channel as a function 
of jet velocity 

 
4.5 Optimal cooling system operation point 
 

 
 

Figure 8. Optimal operating point of the cooling system. 
 

In figure 8 we have superimposed the curves of the two 
thermal and aerodynamic performances in the aim to find a 
common point that takes into account both thermal and 
aerodynamic characteristics, to draw the optimal cooling rate 
of cooling. The increase in the jet velocity induces the decrease 
of the heat resistance of the heat sink, which is highly sought 
after. On the other hand, the recorded pressure drop increases 
to the point (I) for a common blowing velocity VI, close to 3.5 
m/s. This common point I, which can be taken an operating 
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point, was a compromise given optimal performance to the 
cooling system. Thus, this velocity which returns each time 
has just been confirmed once again by the result of figure 8. It 
can be considered as the optimal jet velocity required. It allows 
efficient cooling with a pressure drop corresponding to a 
lowest possible thermal resistance. These results given better 
cooling with less energy consumption and even less nuisance 
noise. 
 
4.6 Influence of the position of the heat source on the 
junction temperature 
 

Successfully achieving the overall design of the central 
processing unit cooling system means achieving a high heat 
transfer rate at minimum energy cost. The influence of the 
positioning of the heat source (CPU) bonded to the base of the 
heat sink, on the junction temperature Tj, seems to meet the 
challenge. Indeed, consider three axes, transversal, longitudinal, 
and diagonal, along which, the source will undergo 
displacements with constant pitch of 5mm. The diagram shown 
in figure 10 illustrates the different positions reached by the heat 
source from its initial (central) position C. Three positions are in 
fact studied on each of the axes without counting the central 
position (Tjc). 

Figure 9 shows the influence of the position of the heat source 
along the three aforementioned axes on the evolution of the 
junction temperature as a function of the speed of the impacting 
jet. 
 

 
a) 

 
b) 

 
c) 
 

Figure 9. Influence of the position of the heat source on the 
junction temperature (a) on the transverse axis (b) on the 

longitudinal axis  
(c) on the diagonal axis 

 

 
 

Figure 10. Displacement of the heat source 
 
The displacement of the heat source from the center of the 

base of the heat sink seems to have a significant influence on 
the junction temperature. So there are three different 
displacements, Transversal (Figure 9.a), longitudinal (Figure 
9.b) and Diagonal (Figure 9.c). Longitudinally, it is observed 
that the junction temperature is reduced by 6% with respect to 
the transverse case, while noting that the second position (Tj2) 
of the heat source is always preferred as regards the junction 
temperature the lowest relative to the initial position. With 
respect to the diagonal displacement, the position which offers 
the lowest temperature is the first position (Tj1). 

In the light of the results obtained above, Fig. 11 shows, the 
rates of improvement of the junction temperature, resulting 
from the different directions of displacement of the heat source 
with respect to its initial position (Tjc). It is found that the 
longitudinal displacement of the heat source offers the best 
reduction in the junction temperature, evaluated by a rate of 
10% under the optimal blowing conditions, compared with the 
industrial case where the height of the jet is almost negligible. 
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Figure 11. Comparison of the junction temperatures 
 

Moreover, the coefficient of heat transfer by convection 
represents an important parameter in the cooling of the heat sink. 
Indeed, Fig. 12 shows the evolution of the coefficient of 
convective heat transfer for two positions of the heat source. The 
first position (hc) is at the center of the base of the heat sink and 
the second position is the optimal position (cf Fig 9) along the 
longitudinal axis (h-opt). It can be seen that the displacement of 
the heat source on the longitudinal axis for a pitch of 10 mm from 
the central position provides more efficient convective heat 
transfer. 

 

 
 

Figure 12. Heat transfer coefficient 
 
 

5. CONCLUSION 
 

The experimental study carried out in this work was devoted 
to the cooling of the desktop central processing unit by means 
of a heat sink with rectangular plate fins, subjected to an air 
impinging jet. The variable jet height Y is an important 
parameter in the performance characterization of heat sinks. 
For this, a series of experimental measurements was carried 
out under the influence of the Y/D ratio. From the results 
obtained, the following conclusions can be drawn: The 
dimensionless ratio Y/D=0.606 corresponding to the height of 
the jet Y=40 mm, offers better cooling performance on the heat 
sink. Therefore, the need to find a compromise by 
superimposing the characteristics of the two thermal 
performances (Rth) and aerodynamics (Δp) of the heat sink 
made it possible to conclude that 3.5 m/s is the velocity of the 
jet which ensures Optimal cooling of the central processing 
unit. It should also be noted that the position of the heat source 

(central processing unit) on the base of the heat sink, relative 
to the initial position, was a very important parameter of 
influence, which also required special attention. This led to a 
series of measures. It is found that the position of the heat 
source on the longitudinal axis at 10 mm from the center of the 
base of the heat sink provides better heat dissipation through 
the heat sink, characterized by a 10% decrease in the junction 
temperature. The results obtained will be of benefit to 
manufacturers in improving the cooling conditions of desktop 
CPUs. 
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NOMENCLATURE 
 

At: Heat exchange surface, mm2 

Af: Surface of the fin, mm2  
Ab: Surface inter-fins, mm2 
Dh: Hydraulic diameter, mm 
D: jet diameter, mm  
H: Heat sink height, mm   
h: Convection heat transfer coefficient, W.m-2.K-1 
ha: fin height, mm  
hb: Thickness of heat sink base, mm 
L: Length of fin, mm 
la: Thickness of the fin, mm 
lc: Channel width, mm 
N: Number of fins 
Pm: Wet perimeter, mm 
Qelec: Heat source power applied to the base of the heat 
 sink, W 
Qconv : Convection heat flow, W 
Qrad: Radiation heat flux, W 
Qloss: Heatpower loss, W  
Rth: Thermal resistance, K.W-1 
Re: Number of Reynolds 
S: Inlet Width, mm 
tb: Thickness of heat sink base, mm 
Tcase: case temperature of processor (heat source), °C 
Tamb : Ambient temperature, °C 
Tjet: Temperature of the impinging air jet, °C 
𝑈𝑈: Mean jet velocity, m.s-1 
V: Air jet velocity, m.s 
W: heat sink width, mm 
X: Transverse displacement of the probe 
 
Greek symbols  
 
∆p: Pressure drop, Pa  
ν: Kinematic viscosity, m2.s−1 
ρ: Density of fin material, kg.m-3
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