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Fluent is used for the Computational Fluid Dynamics (CFD) simulation, source term is
applied at the heat source, heat sink and two different material heat pipes are the main
cooling components in the system. The results show that the improved design model is a
better design for laptop cooling systems, and the increasing number of air vents, thermal
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Heat propagation; laptop cooling; CFD;  effectively. Transient simulation, considering the wick structure and working fluid in the
heat sink simulation, is suggested for future work.

1. Introduction

Computational fluid dynamics (CFD) is an excellent tool for engineers and researchers. With the
increasing of computing power and development of both physical models and numerical and
discretization techniques, CFD is regarded as a very valuable tool for examining fluid flows [1-3].

Nowadays, high performance and low noise cooling system is one of the most important factors
when consumer considering purchasing the electronic product such as laptop. Temperature of the
operating machine is always an important topic in application ranging from laptop to turbo-engine in
aircraft. An additional active laptop cooler uses small fans to generate additional air flow around the
body of the laptop to conduct the heat away from the device [4]. Passive electronics cooling, such as
a heat sink and heat pipe, can transfer the heat generated by a heat source component to a liquid
medium, often air or a refrigerant where the heat is dissipated away from the device to allow or
maintain the device’s temperature at its designed operating temperature. There is a wide range of
research done on thermal control devices, such as enhancing heat rejection with supercritical carbon
carbide microchannel heat exchanger [5], shape memory alloy heat exchanger that improves the
automatability of marching cooling capacity [6]. Structure design such as subcooled [7], two-phase
stacked microchannel heat exchanger [8], working fluid, and materials [9] for the heat exchanger are
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always some popular topics for research. Working fluid for a cooler such as nanoparticle solution
which had been used to enhance heat transfer [10], enhance thermal performance and uniformity
[11], and higher heat transfer coefficient [12] in microelectronic devices cooling applications.

In recent development of these electronic products, most of them required a high-performance
and low-noise cooling system to cool down the chip, such as central processing units (CPUs) or
graphics processing units (GPUs) to maintain the performance of the machine. Temperature of chip
increase when increasing usage of the machine. The performance of the chip will decrease as the
temperature is too high. Thermal simulation can now be performed using fluid flow analysis such as
Computational Fluid Dynamics (CFD). Engineers and researchers can test their design and concept
without wasting more time and resources, then follow by validating their simulation results with
experimental results to prove their concept. CFD simulation is used to perform thermal analysis on
the cooling system such as loop heat pipe in the laptop [13] which shows a better cooling efficiency
and low energy consumption. Embedded heat pipes and H-shape arrangement shows better cooling
performance [14]. The fin of heat sinks that provides enhanced heat dissipation [15] and a passive
cooling solution such as a graphene coating shows a better cooling performance than the active
cooling solution in terms of heat dissipation, energy consumption, reliability, and noise-free
operation [16].

Demand for high-performance cooling system in the market is increasing due to the continuous
development of CPU chip, graphic card which require high-powered. To prolong the lifespan of
electronic components, correct cooling strategy must be applied for the device to operate at optimal
condition. Innovative thermal design is required for the recent development of miniaturized devices
such as laptops to maintain their performance and portability. Few studies have focused on
numerical thermal analysis of laptop cooling system. This aim of this study is to investigate the heat
propagation in a microelectronic device, the CPU, and GPU inside a laptop using Computational Fluid
Dynamics software.

2. Methodology

The governing equations for fluid flow and heat transfer are the following form of the
incompressible continuity equation, the Navier-Stokes momentum equation, and the energy
equation [17-19].
Continuity Equation
V-V=0 (1)
Momentum Equation
vV2-V =0 (2)
Energy Equation

kV2T =0 (3)
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There are two models used in this study which Model 1 is the initial design while Model 2 is the
improved design. The laptop chassis as shown in Figure 1 for Model 1 and Figure 2 for Model 2 are
constructed in dimensions of HxWxD = 252x373x26 mm. The two main components that generate
high heat flux, which is the aim of this study, are the CPU and the GPU. The heat sinks are modelled
with dimension of HxXWxD = 12x69x20 mm with 17 rectangular microchannels with the dimension
HxW=10x3 mm. The inlet is located at the bottom for the chassis while the outlet is at the
microchannels of heat sink. Model 2 meshing is illustrated in Figure 3.
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Fig. 2. Model 2

60



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences

Volume 99, Issue 1 (2022) 58-65

Fig. 3. Model 2 mesh

The specifications and boundary conditions for the simulation as shown in Table 1. The inlet, is
defined as the pressure inlet while the outlet is defined as the mass flow outlet. The CPU and GPU

power input is using the source term in Ansys Fluent.

Table 1

Specifications and boundary conditions

Components

Initial Conditions

Pressure Inlet

Mass Flow Outlet

CPU
GPU

Atmospheric pressure
0.001973 kg/s

10w, 90w

10W, 90W

The mass flow rate is calculated using the volume flow rate of the laptop cooling fan 0.1 m3 / min
taken from Sun and Huai-liang [12], while the source term is calculated by referring to Velardo et al.,
[19]. Material properties are important factors that contribute to the efficiency of microelectronic
cooling systems. Table 2 shows the properties of the material used in this study.

Table 2

Material Properties

Material Density (kg/m3) Thermal Conductivity (W/m.K) Specific Heat (J/kg.K)
Air 1.185 0.0242 1007

Copper 8978 387.6 381

Copper Heat Pipe 1 8960 20000 385

Copper Heat Pipe 2 8960 40000 385

Epoxy 1400 0.35 1000

Silicon 2330 148 705

The two different values of thermal conductivity for copper heat pipes represent two different

heat pipes in terms of working fluids and the structure of the wick [19].

3. Results and Discussion

The CFD simulation results in Figure 4 and Figure 5 show the temperature distribution for Model
1 and Model 2 respectively. The heat generated from the CPU and GPU is directed away by the heat
pipes to the heat sink. The heat sink is then cooled by the laptop cooling fan. The CFD simulation
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results is similar to the previous studies results where the heat source has the highest temperature
among other components and the power (watt) is also used to specify the heat generation by CPU
and GPU with 10W and 90W by using source term in Ansys Fluent. Therefore, the working procedure
and simulation results in this study can be validated.
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Fig. 4. Simulation Result for model 1 with 10W at CPU and GPU
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Fig. 5. Simulation result for model 2 with 10W at CPU and GPU

The temperature contour in Figure 6 shows that Model 2 has better cooling than Model 1 for both
10W and 90W power supplied to CPU and GPU. The average temperature for CPU and GPU has a
significant reduce in Model 2 compared to Model 1. Increasing the number of heat pipes provides
enhancement in cooling efficiency and reduces the overall temperature for laptop chassis. This is due
to the heat being conducted away by more heat pipes. Increasing the thermal conductivity of heat
pipes and the air vent also contributes to improve the cooling efficiency for the system. The longer
heat pipe provides a greater temperature reduction at the heat source compared to the shorter heat
pipe. As a result, the CPU in Model 1 and GPU in Model 2 shows a greater temperature drop when
increasing the thermal conductivity of heat pipes. The temperature at heat source will also affect the
cooling efficiency heat pipes. The higher the temperature at the heat source, the more temperature
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reduce when increasing thermal conductivity for the heat pipes. Furthermore, the total heat transfer
rate in the contact area between the CPU and the GPU with the heat pipe for Model 2 is also higher
than that of Model 1. The value for total heat transfer rate is as listed in Table 3.
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Table 3
Total heat transfer rate
Cases CPU and Heat Pipe (W) GPU and Heat Pipe (W)
Model 1 90W Power with CHP1 67.260 68.714
Model 1 90W Power with CHP2 68.279 69.300
Model 2 90W Power with CHP1  75.220 78.072
Model 2 90W Power with CHP2  76.056 78.746
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Fig. 6. Temperature contour for 90W power (a) Model 1, CHP1, (b) Model 1, CHP2, (c) Model
2, CHP1, (d) Model 2, CHP2

[

Based on Figure 7, the velocity of air flow in Model 2 is higher than in Model 1. This is due to
Model 2 have two outlets and mass flow rate for laptop cooling fans is applied at both outlets.
Increasing the number of laptop cooling fan and air vent for laptop chassis can improve the cooling
rates. Also, increasing the fan speed can further speed up the air circulation inside the laptop chassis
and exhaust the hot air faster.
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Fig. 7. Velocity Contour (a) Model 1, (b) Model 2
4. Conclusions

In this study, CFD simulation on laptop cooling system was presented. Two simplified laptop
chassis were modelled, consisting of two main heat sources CPU and GPU, heat pipes, heat sink, and
PCB. The heat propagation for microelectronic devices of laptop is analysed. The proposed cooling
system design which is the Model 2 shows a better cooling than Model 1 for both 10W and 90W
power. However, Model 1 is more suitable to be used for 10W power since it is already capable
enough to maintain the operating temperature for CPU and GPU. Model 2 shows a significant
improvement in 90W power as the temperature for CPU and GPU substantially reduces due to the
increase in number of heat pipes, air vent, and laptop cooling fan. In addition, increasing the thermal
conductivity and length of the heat pipes can also improve the cooling rates for the system. Further
recommendation on this topic to improves the results is needed such as perform transient
simulation, vary the power supplied according to the usage can obtain a more accurate real life device
usage result.
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