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modelling (FDM) 3D printer; data collection of air velocity and sound level for the
original equipment manufacturer (OEM) laptop fan and the 3D printed designs;
computational fluid dynamic (CFD) simulation of the designs using ANSYS Fluent; and
finally, validation and comparison of the data obtained from the experimental results
to the simulation results. Important design characteristics were identified, such as
using Eppler 473 as the airfoil profile, slit angle at 30° and a slit width of 1 mm. Two
concept designs, named Design 1 and Design 2, were generated based on these design
characteristics. The air velocity and sound level experimental data were collected using
the 3D printed prototype of Design 1 and Design 2, using an anemometer and a sound
level meter, respectively. CFD simulation for Design 1 and Design 2 was done using

Keywords: ANSYS Fluent with standard k-epsilon as the turbulence model. The result obtained
Simulation; Computational Fluid show that both conceptual designs outperformed the OEM fan based on air velocity
Dynamics; fan; air multiplier; Coanda and sound level generated. The airfoil surface generated an increase in air velocity due
effect; laptop cooling to the Coanda effect and the absence of rotating parts minimises noise.

1. Introduction

The advancements in semiconductors and other electronic components lead to more
miniaturized computer components while also causing higher power consumption. It challenged the
microelectronics industry to remove as much as 300 W/cm? of heat flux while maintaining
temperature under 85°C [12]. A conventional cooling system struggles to keep up with the cooling
needed for the ever-increasing cooling load of newer electronic devices. The thermal design power
of laptop central processing unit (CPU) processors declined in the past 10 years but then saw no
change for the past 5 years which is 15W for low-end processors and 28W for high-end processors
[20]. Centrifugal fan is the go-to option for many laptop manufacturers because of its high energy
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efficiency and suitability for application in small spaces. However, aerodynamic performance and
noise of centrifugal fans have always been an issue [19]. Gaming laptops or workstation laptops
generally use high thermal design power CPU processors. When working at maximum capacity, the
centrifugal fan also operates at high revolutions per minute (RPM) to meet the requirement of the
high cooling load. The frequency of tonal noise generated by centrifugal fan correlates directly with
the rotation speed of the fan [13]. The noise generated by the centrifugal fan may often be perceived
as distracting or annoying by users [18].

Bladeless fan, also known as an air multiplier fan, is similar to a centrifugal fan in which the
surrounding air was induced into the fan to increase its airflow [9]. Bladeless fans are marketed as
better fans because they provide steady airflow, increased airflow, and make less noise by reducing
moving parts [8]. The term ‘bladeless’ refers to the lack of moving parts on the apparatus that emits
airflow despite the design of a bladeless fan utilising an impeller, which is a centrifugal fan. Air
multiplier fan uses the Coanda effect to draw more air from the atmosphere, resulting in increased
airflow. Henri Coanda observed this phenomenon when his plane’s engine burned before taking off
in 1934 which led to extensive research on its practicality. Theodore von Karman later dedicated the
new flow phenomenon name as Coanda effect in honour of Henri Coanda [1]. The Coanda effect
simply describes a fluid tendency to move along a curved surface. The airfoil in the air multiplier fan
design causes the Coanda effect to happen, creating an area of low pressure and ultimately drawing
more air from the atmosphere.

The air multiplier fan is an interesting concept because it requires a centrifugal fan built-in by
design to supply air that will undergo the Coanda effect. To integrate the concept of an air multiplier
fan, the only critical component left is the airfoil design. Air multiplier fans produce less noise while
generating more and even airflow using the help of the low-pressure area due to the air jet
undergoing the Coanda effect. The conventional air multiplier fan has been the focus of recent
studies [2,14] which yield some significant findings such as the optimal geometric design of an air
multiplier fan. Yet, research on the air multiplier fan concept for cooling applications beyond the
typical bladeless fan is scarce. The air multiplier concept on a miniaturised application and on tight
spaces, such as on computer processors has also not been studied. Therefore, the main aim of this
study was to analyse the performance of a small and conceptual design of the air multiplier fan in a
laptop cooling application. To achieve the aim of the project, the objectives are detailed as follows:

i. Todesign and model the proposed air multiplier fan design using Autodesk Fusion360.
ii.  To measure air velocity (unit in m/s) and sound level (unit in dBA) for the 3D printed models.
iii.  To simulate the proposed design using ANSYS Fluent and to validate and compare the data
obtained from the experimental results.

2. Background Review
2.1 Electronics Cooling System

There are numerous types of cooling systems used in an electronic system, such as conventional
fan design, water-cooled design, microchannel cooling, and thermoelectric cooler. The conventional
cooling system used for electronics is air cooling aided by a fan. With the proper design of the heat
exchanger, conventional air cooling is capable of handling high cooling load. Previous research [6]
had shown this to be effective by designing a universal heat exchanger capable of handling a
maximum cooling load of 30W provided that the fluid used, air was cooled beforehand. However, a
cooling system that utilises fan often encounters some problems namely in an enclosure. When the
electronic components are considered, a huge performance drop in terms of static pressure and the
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fan flow rate was observed using CFD with two different model types [11]. Different results might be
shown with an electronic system that uses a proper heat sink system.

Liquid cooling had been proven to be better than conventional air cooling, which supports the
increased thermal design power (TDP) of recent CPUs [7]. However, liquid cooling can be complicated
when dealing with three-dimensional structures and electronics combined due to the need to
distribute the cooling liquid evenly while avoiding leakages [17].

Thermoelectric cooler (TEC) allows heat to dissipate from the surface in contact via the Peltier
effect and its thermal resistance can be controlled by the current flowing through TEC [5].
Microchannels on the other hand are a type of heat exchanger design suitable for high heat influx
systems. Cong et al., [5] designed a cooling system that uses TEC and a microchannel heat exchanger
for a multi-chip electronic system. The combined system was able to utilise the maximum thermal
management of a chip compared to when one of the TEC was not turned on.

2.2 Coanda Effect

Coanda effect is a phenomenon where a fluid jet tends to move along a convex surface. A simple
demonstration of the Coanda effect can be done by holding the curvature of a spoon to running
water from a tap, see Figure 1 [4]. The water from the tap which originally flow straight down has
now changed its flow trajectory following the curvature of the spoon. Coanda effect hysteresis is a
term to explain different fluid jet behaviour which depends on the surface angle and deflection when
the fluid jet is undergoing the Coanda effect [16]. The fluid jet would either stay attached to the
Coanda surface or deviate from the surface with a visible separation bubble. It was also found that
for cases where free air flow and jet attachment are visible, the Reynolds number of jet flow and
values for critical flow attachment and detachment angle are inversely proportional [15]. Extended
Coanda effect describes the tendency of the fluid jet that has undergone the Coanda effect to
reattach to the convex or concave surface after impinging occurs [10]. A commonly known

application of Coanda effect is the bladeless fan or the air multiplier fan (see Figure 2).
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Fig. 1. Demonstration of the Fig. 2. Airflow motion of a commercial air multiplier fan [14].
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2.3 Air Multiplier Fan Design Characteristics

Multiple designs use the Coanda effect as flow manipulation method. Aslam et al., [3] proposed
fan design based on Eppler 473 airfoil (see Figure 3) because the airfoil is commonly used for low-
speed and low-Reynolds number applications [3]. Eppler 473 airfoil profile was selected as the
bladeless fan cross-section design as it has good curvature, symmetry geometry and a flat upper
surface. Ravi and Rajagopal [14] concluded that Eppler 473 airfoil profile exhibits better air discharge
ratio than Eppler 169 and Eppler 479 (see Figure 4).

EPPLER 473 AIRFOIL
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Fig. 3. Eppler 473 Airfoil profile characteristic
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Fig. 4. Optimal design parameters of bladeless fan in Ref. [14]: Eppler 473
profile, chord length 100 mm, slit thickness 1mm, hydraulic diameter
300mm and slit angle 80.

3. Methodology

The research consists of 2 main data acquisition methods, i.e. experimental and simulation
approaches. Experimental works were prioritised as the experimental data was used to validate the
simulation data.

3.1 Design of Air Multiplier Fan

Based on past research on the cross-sectional profile of the bladeless fan, Eppler 473 was found
to be the most suitable option to provide the maximum air discharge ratio compared to other aerofoil
profiles. The proposed designs, Design 1 and Design 2 were designed and modelled using the
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geometric features of an air multiplier fan, details in Table 1. Design 1 uses two aerofoils in an oval
shape, while Design 2 uses only one aerofoil that forms a slit on the bottom of a laptop.

Table 1

Geometric features of Design 1 and Design 2

Feature Design 1 Design 2
Aerofoil profile Eppler 473 Eppler 473
Slit angle 30° 30°

Slit thickness 1mm 1mm
Cross-sectional shape Oval, double profile  Single profile
Height of cross-section 30 mm 20 mm
Chord length 50 mm 50 mm

Inner diameter 6.2 mm -

The design characteristics of the fan were decided based on past research by Ravi and Rajagopal
[14] and Jafari et al., [9] with the dimension limitation of the laptop in consideration. Although Ravi
and Rajagopal [14] concluded that the discharge ratio increases with slit angle however slit angle of
30° was chosen as it was easier to design with and provided satisfactory performance. Figure 5(a)-
(b) and Figure 6(a)-(b) shows the isometric view and cross-section view of each design.
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Fig. 5. View (a) Isometric view of Design 1 (b) Cross-section view of Design 1
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Fig. 6. View (a) Isometric view of Design 2 (b) Cross-section view of Design 2
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3.2 Experimental Data Collection

The air multiplier fan design was modelled in Autodesk Fusion 360 which supports the
visualization of the DAT file of the Eppler 473 aerofoil profile with the help of add-ons. Subsequently,
the 3D model was sliced using Creality Slicer and 3D printed using the Ender 5 Plus 3D printer with
PETG filament. For experimental data collection, the designs were assembled with parts as shown in
Figure 7(a) and (b). The attached parts were also 3D printed using PETG filament.

1 mm siit & 30 deg angle

Eppler 473

Outlet Eppler 473

(b)
Fig. 7. Assembly (a) Design 1 assembly for experimental data collection (b) Design 2 assembly for
experimental data collection

(a)

Two variables were collected to compare the design, i.e. air velocity and sound level. Air velocity
was measured using a UNI-T UT363BT mini anemometer and the sound level was measured using a
UNI-T UT363BT sound level meter. Both devices have Bluetooth connection capability which allows
wireless data recording. To measure air velocity, the anemometer was placed at 0 cm from the outlet
air jet path. The sound level for both designs were measured at 2 distances (placement of sound
meter). In the first set of data, sound was measured at 0 cm from the outlet air jet path. In the second
set of data, sound as measured at 30 cm distance from the outlet air jet path. The 30 cm distance
was to simulate noise coming from the computer fan perceived by a user.

3.3 Turbulence Model

The designs were modelled in 3D using Fusion 360 and exported to ANSYS Modeller. CFD
simulation in Ansys ran using the standard k — € model. The standard k — & model is built based on
the model transport equation of turbulence kinetic energy (k) and the dissipation rate (g). The
transport equation used to derive the turbulence kinetic energy (k) and the dissipation rate (&) are
as follows (ANSYS Inc, 2009):

ak+a(k)—a(+/“"'“>ak+G+G Yy +S 1
] 0 d U\ O€ € €?
a(ﬂe) + a—xi(l)eui) = a_x] l(li + 0_—6> a_x]l + CleE(Gk + C3.Gp) — CZEP? + 5. (2)

33



Pena Journal of Flow Dynamics
Volume 1, Issue 1 (2025) 28-40

where; G: generation of kinetic energy due to velocity gradients
G : generation of kinetic energy due to buoyancy
Yy fluctuating dilation in compressible turbulence to the dissipation rate

k2
He = pr? (3)

The values of the constants used are: C; = 1.44, C;. = 1.92, C, = 0.09,and the turbulent Prandtl
number for k and € are g, = 1.0 and g, = 1.3.

3.4 Meshing and Boundary Conditions

In ANSYS, the cooling system was simulated in 3D and some geometry modifications are done. To
mesh the model, element sizing is used to refine the mesh shape and element size on the critical
components of the model such as near the body of the fan. The skewness graph in the mesh quality
setting can be used to determine the quality of the mesh. If the graph skews to the left, this means
that the mesh quality is good and vice versa for the right-skewed graph. After the desired quality of
the mesh is obtained, the process continued with defining the boundary condition. Boundary
conditions such as the inlet, walls and outlet are specified and given an initial known value. The
simulation setup for mesh and boundary conditions for both designs are: face sizing method, element
size of 0.0015 m, initial air velocity of 2 m/s and 5% turbulent intensity (moderate turbulence).

4. Results and Discussion
4.1 Experimental Data
4.1.1 Air velocity

Air velocity measurements were recorded in an enclosed room with stagnant airflow for 1.5
minutes with a delay of 1s between each data was recorded, thus total number of measurements,
N = 90. Figure 8 and Table 2 summarise the distribution of measurements (90 readings) for each
fan type.

Boxplot air velocity of Design 1, Design 2
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Fig. 8. Boxplot of air velocity measurements
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Table 2

Descriptive statistics of air velocity measurement
Variable Design 1 Design 2
N 90 90

Mean 1.0256 1.0433
Standard deviation 0.0439 0.0498
Minimum 1.00 1.00
Median 1.00 1.00
Maximum 1.10 1.10

As shown in Figure 8 and Table 2, the mean outlet air velocity of each design was 1.03 m/s (Design
1) and 1.04 m/s (Design 2). The performance of Design 1 and 2 are similar with mean difference of
approximately 0.01 m/s. During the design stage, it was assumed that Design 1 will perform better
than Design 2 in displacing air due to the double-profile, hence larger slit surface area present in
Design 1. During data collection, it was observed that there was backflow from the wind source which
was caused by the shape of the air intake funnel. The scope of this study does not cover the most
optimal funnel geometry as the external fan for providing air velocity was simply used as a proxy for
the actual fan used in the simulation. The backflow reduced air flow through the inlet of Design 1 and
2, affecting the significance of the slit surface area on outlet air velocity.

4.1.2 Sound level

Sound level data was collected in an anechoic room and no external loud noise sources were
present during data collection. Measurements were conducted in 1.5 minutes with a delay of 1s
between each data, thus total number of measurements, N = 90. For measurement of sound level
at distance 0 cm, the control data was also collected, to provide as a baseline when no fan operates.
Figure 9 and 10 show the time plot of sound level measured at distance 0 cm and 30 cm. Table 3 and
4 summarise the distribution of measurements for each design and the OEM fan type.

Referring to Table 3, at 0 cm, Design 1 and Design 2 exhibit similar sound level i.e. within the
range of 47.9 - 49.7 dBA (Design 1) and 47.6 - 51.1 dBA (Design 2) and means of 48.7 dBA and 48.2
dBA, respectively. The OEM fan showed a larger range (46.6 - 52.5dBA) compared to Design 1 and 2,
as shown in Figure 9. During data collection, the OEM fan was observed to fluctuate between speeds
of 2700 RPM, 3000 RPM and 3200 RPM which corresponds to 48dBA, 50dBA and 52 dBA respectively.
It is impossible to set the angular speed of a laptop’s fan to a constant number as the system
constantly adjusting the fan speed according to the load experienced by the CPU. Even though no
programmes were running, the laptop's fan speed fluctuates from time to time. This may be caused
by some background processes running required by the operating system. Figure 10 and Table 4 show
the sound level measured at 30cm distance from the outlet. The OEM fan exhibited higher mean
sound level of 44.2dBA as compared to Design 1 and Design 2, at 43.8 dBA and 42.9 dBA, respectively.
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Fig. 9. Time plot of sound level measurements at 0 cm distance from outlet

Table 3

Descriptive statistics of sound level measured at 0 cm

Variable Control OEM Design 1 Design 2
N 90 90 90 90
Mean 44.032 49.184 48.654 48.231
Standard deviation 0.867 1.343 0.398 0.378
Minimum 42.2 46.6 47.9 47.6
Median 44.25 49.15 48.7 48.2
Maximum 46.6 52.5 49.7 51.1

Time Series Plot of Control, Design 1, Design 2 and OEM at 30cm
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Fig. 10. Time plot of sound level measurements at 30 cm distance from outlet
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Table 4

Descriptive statistics of sound level measured at 30 cm

Variable OEM Design 1 Design 2
N 90 90 90
Mean 44,194 43.823 42.927
Standard deviation  0.438 0.752 0.295
Minimum 43.2 42.5 42.2
Median 44.2 43.8 429
Maximum 46 45.2 43.9

4.2 Simulation Data

Figure 11(a)-(b) show the contour result of air velocity gradient obtained using ANSYS Fluent. It
can be observed that Design 1 outlet streamline was linear compared to Design 2 demonstrates a
downward streamline. This is consistent with the Coanda effect, such that in Design 2, the airflow is
attached to the side of the outlet.

(a) (b)
Fig. 11. Contour (a) Contour results of air velocity for Design 1 (b) Contour results of air velocity for
Design 2

Figure 12 shows the outlet air velocity versus distance. Figure 12(b) shows that Design 1 has peak
velocity at 1.51 m/s, at 15-20 mm, then maintains a velocity of 1.4 — 1.5 m/s within the 20-70 mm
distance. Design 2 highest velocity is at of 1.10 m/s at 0 mm, then declines as distance increases.
Figure 12(a) magnifies the plot when only the first 10 mm distance is highlighted, which gives a mean
velocity of 1.104 m/s for Design 1 and 0.965 m/s for Design 2.

Air velocity (m/s) against distance from outlet Air velocity (m/s) against distance (mm) from outlet (0 to 10mm) |
20 L s

05 T s

Air velocity (m/s)
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(@)

Fig. 12. Comparison of outlet air velocity between Design 1 and 2: (a) Plot at distance
0-70 mm from the outlet; (b) plot magnified for distance < 10 mm from the outlet
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4.3 Summary on Results

To summarise, Design 1 is the superior fan choice based on the findings obtained from the
experimental and simulation data. In the simulation, the mean air velocity 10mm from the opening
was 1.104 m/s and 0.965 m/s for Design 1 and 2, respectively. The simulation data provided more
insight into which design performed better as more precise result can be obtained. In the
experimental data, Design 1 and Design 2 performed similarly on the air velocity aspect which were
1.03 m/s and 1.04 m/s respectively. To calculate percentage difference between the experimental
and simulation results, the percentage results are calculated by taking the simulation result as
baseline, calculated as follows:

Simulation result—Experimental result

Percentage dif ference, A = X 100% (4)

Simulation result

For air velocity, v, the percentage difference, Avpesign1 = 6.7% and Avpegign 2 = 7.8%

No significant difference in terms of sound level for both Design 1 and 2, with mean of 48.7 dBA
and 48.2 dBA m, measured at 0 cm, respectively. Nevertheless, experimental data suggests that both
designs perform better in minimising noise as compared to the OEM fan. At 30 cm distance from the
fan, the sound level decreases to 43.82 dBA and 42.93 dBA respectively which makes the difference
negligible to human hearing.

5. Conclusions

The main aim of this study was to analyse the performance of a small and conceptual design of
the air multiplier fan for laptop cooling solution. The proposed design focused on the application of
air multiplier fan leveraging the Coanda effect to improve air displacement with minimal moving
parts. Two designs were proposed, both utilising the aerofoil profile (Eppler 473), slit angle (30°) and
slit thickness (1mm). Design 1 employs a double-profile aerofoil cross-sectional area, while Design 2
employs a single-profile variant. Both designs were 3D printed using the Ender 5 Plus 3D printer with
PETG filament. The 3D printed models were used for experimental data collection. Design 1 and
Design 2 performed similarly on the air velocity aspect, with an average 1.03m/s to 1.04 m/s,
respectively. On sound level, Design 1 and Design 2 performed better than the 49.2 dBA OEM fan at
0 cm distance from the fan, with lower sound level measured at a mean of 48.7 dBA and 48.2 dBA,
respectively. However, the sound level at 30cm distance for Design 1, 2 and the OEM fan was
comparable to the control data. A human user would not notice the difference in noise from the
Design 1 and 2 if similar conditions were replicated. It was determined that the main source of the
noise generated was mechanical noise generated by the supplying fan and not aerodynamic noise
expected from the bladeless fan design. Several limitations and opportunities for further work were
identified during the execution of the research. Firstly, the fabricated models were not smooth due
to the limitations of an FDM process. Therefore, alternative fabrication processes such as selective
laser sintering (SLS) or stereolithography (SLA) 3D printing are recommended for future works.
Secondly, the analysis on the proposed designs can be expanded by testing other parameters to
compare the air multiplier fan and OEM fan, such as temperature and vibration. Lastly, different types
of build material of the design can be investigated to optimise the design as a better cooling solution
for computer processors.
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