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ABSTRACT

The cooling device is traditionally composed of
two components: (1) the conductive sink and (2) the
axial fan. This research proposes a novel design of a
rotating fan-sink radiator, with the rotating fan made of
conductive material serving two functions: heat
conduction and drawing in cold air. The numerical and
experimental results for the rotating fan-sink are very
consistent; two indexes of its performance are
presented: (1) the thermal resistance as low as possible
and (2) the ratio of thermal admittance to the required
power consumption driving the rotating fan as high as
possible. Cooling performance is improved by
increasing the relative velocity of the conductive fan
and the cooling fluid. The effects of the number of
blades, the hub diameter, and the power consumption
on heat transfer performance are investigated. This
study discovered that the fan-sink's thermal resistance
is considerably less than the literature under some
parameters. Moreover, the thermal admittance-power
consumption ratio is significantly greater than the other.
Finally, some correlation formulas for the Nusselt
number were established with less than 6% error
compared to the experimental data.
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INTRODUCTION

Heat exchangers are an efficient way for thermal
management and temperature regulation. The fins of
the heat sink conduct heat from the heat source to the
outer surface of the fins. Traditional heatsinks consist
of a fixed fin and a rotating fan and require a certain
amount of space.

Many researchers are devoted to enhancing the
thermal performance of the heat sink, such as studies on
generating various geometrical topologies and
arrangement of the fins, increasing the surface area of
the fins, differentiating the fin's material, and enhancing
the cooling fluid flowing throughout the fins (Dhaiban
and Hussein 2020, Yunus and Ghajar 2014, Abed and
Suker 2021, Kim and Kim 2012, Abdel 2009). In
addition to the optimum design of sink geometry, Yang
et al. (2013) investigated the performance of a rotating
pin-type heatsink with jet impingement of air cooling.
However, some fans or blowers need to pump the air jet
impingement. Kim and Kim (2012) investigated the
performance of a centrifugal heat sink composed of
fixed fins with concentric circles and a centrifugal fan.
The fan blades are placed between the fins of the
circular heat sink. The design of the device was
compact but complicated to manufacture.

Staats and Brisson (2015) investigated the
device's performance composed of multi-centrifugal
fans, heat pipes, and multi-layer heated stators.
Obviously, the higher the number of heated stators and
centrifugal fans, the lower the thermal resistance.
However, the device was very complicated. Koplow
(2010) investigated a heat-sink-impeller as a thermal
solution that consists of a heat spreader with fins and
the hybrid of a conventional finned metal heatsink and
an impeller in an arrangement of centrifugal likes fans.
The device needs to rotate at several thousand rpm for
significant thermal resistance performance.

On a scroll heatsink developed by Kim, T et al.
(2008), coolant fluid was pulled into the area between
the moving fins and the cooling fixed fins in the scroll
heat sink by a relative motion between them, removing
heat away from the cooling fins. Furthermore, due to
the eccentric shaft and kinematic linkages, the power
dissipation for the movement was substantial; thus, the
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device's dynamic balance and vibration were significant,
especially at high speed.

From previous literature, none of them studied an
axial fan type as an integration of the conductive fin as
a cooling system. An axial fan can create a significant
flow rate compared to the centrifugal/radial fan at the
same rotating speed, contributing to the cooling
performance. In addition, many cooling devices also
use axial fans due to their simplicity Huang and Gau
(2012).

A rotating fan-sink is proposed to accommodate
the application of a heatsink. The axial fan of the novel
device has two main functions: heat dissipation as a
sink and pumping the cooled air like a fan. A
computational method is used to assess the fan's
performance and compare it to experimental data.
When a high-confidence computational setup has been
built, the fan-sink optimization design procedure is
carried out. Theoretical fan power and thermal
resistance are utilized as design criteria to determine the
best fan design, and both characteristics are used to
establish thermal admittance value.

DESIGN APPLICATION OF
ROTATING FAN-SINK

In this present study, A rotating axial fan-sink is
proposed. A heat source structure in contact with the
fan hub inside the hub's center was added. The hub will
transport heat from the source to the blade, and as the
fan turns, it will pull cold air from the surrounding
environment. To transfer the heat from a stationary
position to the rotating device in the center of the fan-
sink hub, a Rotating Heat Pipe device (RHP) could be
used Chan et al. (2015); Li and Liu, (2020).

The commercial CPU cooling fan heat sink is
shown in Fig. 1a. The heat source is transferred to the
heat sink through heat pipes. The fan rotates, creates
airflow to blow the heat sink, and cools down the sinks
Choi and Jeong (2016). Fig. 1b illustrates the rotating
fan-sink concept in the application and side by side in
comparison with the traditional fan heatsink. The
stationary heat source is installed on the enclosure
surface and delivers heat to the RHP via liquid
convection. The RHP also serves as a fan shaft, picking
up heat and transferring it to the opposite end as it spins
along the fan-sink. The heat is transported to the fan-
sink hub at the end of the RHP and dispersed across the
blades. At the same time, while the fan-sink revolves,
powered by the RHP's electric motor, it draws cold air
and cools the blades.
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Fig. 1 (a) The commercial CPU cooling fan heat sink
(Zalman LED Aluminum/Copper CPU Cooling Fan
CNPS9700: Amazon.ca: Electronics, n.d.) in
comparison to (b) the Fan-Sink concept design.

EXPERIMENT APPARATUS AND
PROCEDURES

Axial Fan

A fan-sink with the number of blades n=7 of
NACA 4412 blade profile made of aluminum 2024 (k =
121 W/mK) has a blade outer diameter Dtan=142mm,
chord length Lc=35mm, which is measured from the
root blade profile. The blade was attached to the hub
with a diameter Dnywy=45mm = Dnuyo and length Ly=67
mm. The blade setting angle is a=65"; the linear twist
angle is b=25". The blade chord length was reduced by
75% from the root to the tip, as seen in Fig. 2a. A heat
source is a cylinder-shaped electric heater with a
diameter of dn=6mm and a length of I,=20mm located
at the hub's center axis and managed under the blade
profile's center location to guarantee uniform heat
distribution. One of the blade surfaces has four
calibrated NTC thermistor sensor point locations for
temperature monitoring, which are labeled point tip
(Ta), point leading (Tg), point trailing (Tc), and point
bottom (Tp), as seen in Fig. 2b. Those sensor's cables
are secured by heat-resistant silicone paste, managed by
a groove made underneath its blade then pass through a
hole connected to the data acquisition module.

(a)
Fig. 2 (a) Fan-Sink design with dimensions, (b) Photo
of the actual Fan-Sink with temperature sensors
installed.
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Fan, Hub & Shaft

As shown in Fig. 3, a fan-sink is attached to a
shaft that contains an electronic device for the data
acquisition module and its power supply. A 10mm thick
Teflon® (k = 0.2 W/mK) insulator spacer was placed
between the fan and the shaft to reduce heat
transmission from the heat source to the shaft. The shaft
is made of POM (polyacetal) to minimize heat
conduction and act as an electrical insulator for the
electronic device module. The shaft was supported by
two needle bearings at the opposite end of the fan blade
side to provide stability and preserve a compact bearing
housing size. At the end of the shaft, attached carbon
material slip-ring assembly for transmitting Q=40 W of
electrical power from the power source to a heater. This
slip ring system functions as a sliding electrical contact,
transferring power from stationary carbon brushes to a
spinning electrical conducting ring and then to the
heater via wires. An ESP32 microcontroller was
utilized as a data acquisition module, sending the
measured temperature data from the calibrated
thermistor to the laptop at 0.5s interval timesteps
through a wireless Bluetooth connection. A transparent
insulator (k=0.17 W/m K) was employed as a fan
shroud Dc=144mm to address the ease of observation
and insulation. The upstream length is 1.5 times the
diameter of the fan blade, while the downstream size is
1.0 times the diameter. The shroud has a cone-shaped
inlet funnel to improve airflow direction uniformity and
a temperature sensor to measure inlet air temperature.
During the experiment, an anemometer is mounted to
monitor the inlet air velocity passing through the
shroud. To illustrate the experiment arrangement, Fig.
4 depict the physical experimental setup.

\ﬁ
| Fan-Sink Temperature
| T Sensors l
4 m=ms Data acquisition
Heat source =
_______ H
| !

i + 7
/-—, ” Bluetooth i Power
(D) iy
connection Supply
v ’ -
Inlet Veloeity( L),

Rotating speed (N),
and Temperature (1)

Fig. 3. Experiment physical diagram and setup of the
Fan-Sink.

Experiment Procedure

A thorough checklist, including mechanical and
electrical components, measuring equipment and
sensors, and the data logger, was completed to
guarantee that the experiment ran well and accurate
data was captured. The fan-sink is rotated to an initial
rotating speed of 300 rpm, and the heater is activated.
During the fan-sink's rotation, the inlet velocity U,

rotating speed N, inlet temperature T., and heat source
Q are monitored. The temperature of the blades (Ta, Tg,
Tc, and Tp) was monitored by the data acquisition
module. All experiment data was recorded until the
temperature variations were insignificant for some
period of time. During the experiment, the rotating
speed of the fan-sink was used from 300 to 1,000 rpm

thermometer __ Ampere

Tachometer meter

“ au-smk 7
Fig. 4. Actual photograph from the experimental setup
of the Fan-Sink.

Anemometer

Errors and Uncertainty Analysis

In this study, some errors and uncertainty are
considered from the measured values of the experiment
data. Any precautionary measures are also taken while
doing and preparing the experiment data; errors are
considered from the instrumentations, human reading,
and environmental conditions. Table 1 presents
uncertainty from the measurement, according to Taylor
and Thompson (1998).
The uncertainty of all the measured parameters in the
experiment is calculated and listed in Table 1.

Table 1. Experiment's uncertainty

Uncertaint
Measured values y

value

Measured Distance +0.07%
Temperature measured +1.00%
Air velocity measured +3.00%
Rotating speed measured +0.02%
Electrical current measured +0.05%
Heater resistance measured +0.05%
Electric Power (W) measured  +0.08%
Average Temperature +0.50%
measures

Thermal convective +0.02%
coefficient

Nusselt number +0.07%
Thermal resistance +0.44%
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COMPUTATIONAL AND
MATHEMATICAL FORMULATION.

The numerical simulation framework prepared in
this study utilized the software Star-CD Lin et al.
(2015), and multiple computational domains were
employed. In CFD analysis, a set of assumptions was
employed to define the computational domains, which
are:

. Steady-state analysis
. k-o SST turbulence model

. Incompressible flow
e Constant properties on fluid and solid domain
material

. Non-slip wall condition
. All channel surfaces exposed to the surroundings
are assumed to be thermal isolated.

Continuity, momentum, and energy equations of
Newton fluid and the conduction equation based on
Fourier's law in Cartesian coordinates are Kundu et al.
(2012),

Continuity equation
oui

OX;

Momentum equation

Fl 0
——(puu-7)=-=2, @)
J

1

Where u; is the velocity in the x; component, p is the
static pressure, p is the density of the fluid, and z;; is the
stress tensor. The stress and strain tensors can be
expressed as

@)

2 ou — )
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Where u' is the disturbance value of average velocity,
dij is the Kronecker delta, and pu/u; is the Reynolds

stresses.
Conduction equation for solid

Il e
OX; OX;

The energy equation for fluid

pujﬂzﬁuﬁ+&Jﬂ
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The k- SST turbulence model Menter (1994)
was employed in the CFD analysis because it could
provide integrated balance for predicting near-wall and
free-stream problems Argyropoulos and Markatos
(2015).

The finite volume method is used to set up the
computational domains; the domains consist of fluid
static, rotating, and solid domains. The polyhedral
mesh type depicted in Fig. 5a with 2.9 million cells is
used because an independent study of the mesh reveals
that the variance in input velocity and the average
temperature has less than 1% difference compared to

(4)
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the finer mesh size depicted in Fig. 5b. In addition, the
mesh close to the wall is improved to satisfy to the SST
k- turbulence model when y+ 1.0. Consider the
boundary conditions seen in Fig 5(a), the inlet is a
stagnation pressure, and a zero-gauge pressure is
provided to the outlet surface; all wall conditions,
including the fan-sink, are non-slip.

. Heat
. Non-Slip Wall

Sours Outlet ]

Inlet

: 2N Fan-Sink 7 Rotating Domain

(@)
455 - - 2.4
453 -

45.1 - 22
449 1 //\V—— |
447 4 Tz
O 445 4 L 18
443 +TAvg =
= 44,1 - «~vin [ 16
439 - L 1.4

437 -
435 1.2

2 22 24 26 28 3 32 34 36 38 4
Mesh cell count /10°
(b)
Fig. 5. (a) Cross-section view of the boundary
condition and polyhedral mesh of the numerical
simulation (b) mesh independent study on Tayg, Vin for
N=1000rpm.

The hub's center receives a total heat source of
40W. A moving reference frame approach is used for
the rotating domain, having rotating speed N as an input
parameter. The data obtained from the CFD and
compared to the experiment include the velocity and
temperature inlet, the Fan-sink's rotating speed, and
four points probe at the exact position of the physical
conditions on the blade. Furthermore, the findings of
the comparison between CFD and the experiment are
agreed upon and will be published later in this work.
The Reynolds number calculation is based on the
following equation:

Re = 220, (6)

u
where p is the fluid density, U is the inlet air velocity,
D. is the hydraulic diameter (fan's shroud diameter),
and W is the fluid's dynamic viscosity.
The general form of heat transfer correlation is used in

the following equation;
Nu =CRe"Pr", (7

where Nu, Re, Pr are Nusselt number, Reynolds
number, and Prandtl number, respectively, and C, m, n
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are the constants obtained from the experimental
empirical study.

During the analysis of the experiment data to calculate
the heat source, the following equations are used:

Q=RyI*, (®)

where Q is the total heat source of the heater, Ry is the
measured resistance of the heater, and I is the measured
electrical current flowing.

In the experiment, the temperatures {Ta, Tg, Tc, To} at
four position points of the blade are measured, as
shown in Fig. 2b.

The average heat convection is expressed as

Qavg conv = hﬁVQ exp A (Ta"g _Tw ) , )

where havgexp IS the average heat transfer coefficient, As
is the surface area of the fan-sink, Tay is the average
temperature of the fan-sink, and Too is the inlet
temperature of the cooling fluid.
The experiment average Nusselt number is expressed
as

h D,

_ avgexp “c
Nuavg exp k

, (10)

where k is thermal conductivity, and D is the hydraulic
diameter as a characteristic length.
In general, the thermal resistance of the Fan-Sink can
be defined as:
Rpgge = Lo | (11)

Q
where Tmax is the temperature at the heat source and the
inlet cooling air's temperature.

RESULTS & DISCUSSION

In this study, the thermal performance of the
existing fan-sink design is compared with that of the
computational method. Temperature, rotating speed,
inlet velocity, and the heat source are measured
experimentally and compared to CFD. The heat
performance of the fan-sink device concerning the
Nusselt number and correlation equation is also
presented. The fan-sink thermal performance is
evaluated in conjunction with the fan power and
utilized as a benchmark to build a new fan-sink design
to get the optimal configuration with good thermal
performance  while  maintaining low  power
consumption.

Comparison of The Numerical and Experimental
Results

The input velocity is measured to determine the
aerodynamic performance of the fan-sink. The average
velocity is proportional to the fan's rotating speed, as
seen in Fig. 6. Moreover, the inlet velocity obtained
by CFD and experimental methods is quite similar.

Fig. 7 depicts the cross-sectional temperature
distribution and velocity vector of the fan-sink CFD
result (Q=40W, Dnw = 45mm, Iy = 20mm, Dan
=142mm, n=7, N = 1000 rpm). Observing temperature
differences from the middle of the hub to the blades
shows that the junction of the heater and the hub has the
maximum temperature, while the blade tip has the
lowest temperature.

As seen in Fig 7, the insulating spacer is also
efficient in limiting heat transfer to the shaft, indicating
that heat can be dispersed between the blades and the
hub. However, the maximum temperature is near the
heat source, and it appears that the hub is not able to
efficiently transmit heat to the blades.

2.5 4
2.3 4
2.1 A
1.9
= 1.7 1
w15
‘?: 1.3 -
L1 4 -+CFD
0.9 4 . .
4 Experiment
0.7 4
0.5 T T T ]
200 400 600 800 1000

N (rpm)

Fig. 6. Comparison between CFD and experiment data
for average inlet velocity Uayg at various rotating speeds
N.

Velocity (m/s)

0.0000 1.8250 3.6500 5.4749 7.2999 9.1249

Inlet Velocity: 1.33802 (m/s)

Tmax: 66.5991 (C)

N |
21.639 30.499 39.358 48.218 65.937

Temperature (C)

57.077

Fig. 7. CFD result of the temperature distribution on the
solid domain and velocity vector on the fluid domain.

The velocity vector demonstrates that convective
heat transfer has occurred successfully between the
blades and continues to the downstream region,
resulting in the quick evacuation of hot air.
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Fig. 8. Temperature data on the blade compared
between CFD (Tcrp) and experiment (Texp) at varying
rotating speeds N.

Aside from velocity, temperature is an essential
metric that is measured.

Fig. 8 depicts a comparison between CFD and
experimental temperature data (Ta, Tg, Tc, dan Tp).
Linear regression is used to examine the consistency
of CFD and experimental results. As seen in

Fig. 8, both data are consistent with R?=0.9983
and the maximum percentage of error of less than 4%.
Fig. 9 compares the average experiment heat
convective coefficient to the computational method,
which has a maximum deviation of 4.5 percent. The
greater heat convective coefficient correlates to the
increased fan rotating speed represented by the
increasing Reynold number.

The experiment average Nusselt number is
derived from the experimental data using Eq. (7) and
compared to the CFD approach. Its correlation has a
maximum inaccuracy of 5.6 percent; thus, the general
correlation formula for the average Nusselt number to
the fan-sink device can be obtained from Eq. (7), as
shown below:

NU. = 2.1535Re®®pr/s

avgexp (12)

where the range of Reynolds number is
5500<Re<23000. The Nusselt number indicates the
performance of convective heat transfer; the higher
Reynolds number corresponds to the higher Nusselt
number for the Fan-Sink. Fig. 10 depicts the changes in
Nusselt number as a function of Reynolds number
between the experiment data, CFD data, and correlation
equation Eq (12). The maximum error is less than 5%,
which indicates that the experimental data and CFD
data are consistent.
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Fig. 9. Correlation between Reynolds number and
average heat convective coefficient haygep ON
experimental and CFD data.

The moment (M) values derived from CFD data
are used to calculate the fan mechanical power (Pfan)
required to rotate the fan-sink device at a certain rpm.
The equation below is used to calculate the moment:

M = Z[rf % ( Ffpressure + Ffshear ):|[ax (13)
f

where FP**"and F"**" are the pressure and

shear force vectors, and ay is a vector, defining the
axis through point X, about which the moment is taken
and is the position of face f relative to the Xo.

320 4

300 4 :
280 - s
2 260 4 .
= Lol
%240 - A
220 e .
.‘;200 4 _ ‘ 4 Experiment
180 w ‘
160 . - Eq.12
140 . : . : . . :
5000 7500 10000 12500 15000 17500 20000 22500
Re

Fig. 10. Correlation of the Reynolds and Nusselt
numbers on the experimental data, CFD data, and eq
(12).

Furthermore, since the moment is obtained from the
above equation, then the fan power (Prn) can be easily
found using the following equation:
p _MzN
30

where N is the rotating speed per minute of the fan-sink.
One of the design criteria derived from Eq. (11) is
thermal resistance, which correlates to the fan power.
The design will be considered good if it has the lowest
thermal resistance and fan power. Fig. 11 demonstrates
the power required to drive the fan-sink with the
number of blades n=7 on the thermal resistance.

It is commonly known that the higher the fan's
rotating speed, the greater the power consumption
driving the fan-sink. According to Fig. 11, as the fan
begins to rotate, the thermal resistance substantially
decreases. When the power consumption exceeds 0.4 W,

(14)
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the thermal resistance decreases steadily.
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Fig. 11. Fan power consumption Pran correlated to the

thermal resistance coefficient Ryeat.

It indicates that when the rotating speed exceeds the
critical value, the heat transfer efficiency is nearly
constant. The thermal resistance is 1.12 °C/W when the
power consumption is 0.41W, and the corresponding
rotating speed is 1000 rpm.

Table 2. Fan-Sink new design dimension parameters

parameters, the new Fan-sink design is developed.
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Fig. 12. The effects of the rotating speed N and the
average inlet velocity Uayg 0on the hub ratios o.

Figure 7 shows that the distance between the
heater surface and the blade was relatively large,
meaning that the temperature differences between the
heater junction and the hub surface are also significant.
This difference indicated that heat was transmitted to
the cooling fluid through the blades reasonably slowly.
This new design incorporates a decrease and consistent
3 mm hub thickness to address the previous issues. The
fluid flow needs to be analyzed as the number of blades
increases; Fig. 12 shows that the average inlet velocity
is proportional to the fan's rotating speed: the larger the
hub diameter Dnuw, the greater the average intake
velocity Uayg. The velocity characteristics are
equivalent to the previous experimental fan-sink,

Hub Hub
ratio Hub- di:meter Heater

No. (Druw= to tip- Drut diameter

f ul

a ratio (mm) dht (mm)
Dhubo)

1 a=1.0 3.20 45.00 39.00
a

2 —195 2.54 56.25 50.25

3 a=15 2.12 67.50 61.50
a

4 175 1.82 78.75 72.75

5 a=2.0 1.59 90.00 84.00

although the velocity value is considerably lower in this
new design; however, the blade surface area has been
increased, and the effect correlates to the rise in
temperature. The temperature distribution on the
surface of the rotating fan-sink with a hub ratio of (a=2,
Q=40W, Dnyp=90mm, l,=20mm, Dsn=142mm, n=20,

NEWLY DEVELOPED FAN-SINK DESIGN
(EFFECT OF SEVERAL PARAMETERS ON
HEAT TRANSFER).

It is common that thermal performance increases
as surface area increases. Furthermore, the uniform
distribution of surface area can increase the thermal
performance of the heat sink Ong et al. (2017). The fan-
sink in this present design has a total surface area of As
= 0.0331m?2 and comprises 70.6 percent blade surface
and 29.4 percent hub surface. To improve the thermal
performance of the fan-sink, the number of blades n is
raised from 7 to 20. Furthermore, to evaluate the
influence of the hub diameter on heat transmission,
additional factors such as the fan's outer diameter Dran,
blade profile type, blade setting angle a, blade twist
angle b, blade profile chord length L., heater length Iy,
and hub length Ly, are held constant. In Table 2, the base
parameter Dnuso corresponds to the new hub dimension
Dnw and as hub ratio is presented. Based on these

N=1200rpm) is shown in Fig. 13$&2R! kA EISHER
75 - a), and more blades indicates that the temperature
distribution around the blades is generally well
dispersed. The highest temperature, however, is found
at the hub surface near the shaft. This happens because
substantial heat convection occurs when cooling air
flows between the fan blades, raising the temperature
of the downstream air. As a result, the highest
temperature occurs near the end of the hub surface. The
velocity vectors depicted in Fig. 13(b) show that the
streamline's path causes a swirl effect due to the
rotating of the fans, and this provides further
improvements in the cooling performance Zhang et al.
(2019).

Figure 14 illustrates how the number of blades
and hub diameter influence the thermal resistance as a
result of the rotating speed (In: = 20mm, Dsan = 142mm).
The n=20 thermal resistance value is significantly
lower than the n=7 thermal resistance value, and both
exhibit the same characteristic of decreasing thermal
resistance as the rotating speed rises. Additionally, the
effect of hub diameter on heat resistance is insignificant.
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Fig. 15 shows the effects of the rotating speed and
the hub diameter on the average temperature of the
blade. Dnyo It is found that the higher the rotating speed
N, the lower the average temperature of the blade.
However, the effect of the hub diameter Dnu On the
average temperature is negligible.

Velocity (nv/s)

0.0024639 2.0241 4.0458 6.0675 8.0892 10.111

Inlet Velocity: 1.38302 (m/s)

Tmax: 35.1409 (C)

__| S m
21418 24.173 26.929 20.685 32.440 35.196
Temperature (C)
(a)
Velocity: Magnitude (mv/s)
0 216 432 6.47 8.63 10.8

Temperature (C)
27 297

[ . |
(b)
Fig. 13. Distribution of temperature and velocity
analyzed by CFD: (a) in the global domain, and (b)
streamline of the rotating fan-sink device
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Fig. 14. Effects of the rotating speed N, the number of
blades n, and the hub ratio a on the thermal resistance.

The fan-sink ratio is calculated by dividing the

J. CSME Vol.44, No.1 (2023)

thermal admittance 1/Rpear by the necessary power
consumption Pran. Yp=(1/Rheat)/Pran iS 0One index for
estimating fan-sink performance. The better the
performance, the higher the thermal admittance-power
consumption ratio. Fig. 16 depicts the effect of the hub
diameter Dy and the power consumption of the fan
with n=20 blades on thermal resistance (lnx = 20mm,
Dtan = 142mm). The lower the thermal resistance, the
greater the power consumption, and when the power
consumption exceeds 0.9W, the thermal resistance
approaches constantly.
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Fig. 15. Effects of the rotating speed N and the hub ratio

a on the average temperature Tayg Of the fan-sink.

The highest thermal performance of the fan-sink
at a hub ratio 0=2.0 can achieve a minimum thermal
resistance of 0.34°C/W at 1200 rpm while consuming
0.97W of electricity. The corresponding thermal
admittance-power consumption ratio is Y, =3.05. At the
hub ratio of a =1.25, the power consumption is 0.38W,
the thermal resistance is 0.41 °C/W, and the
corresponding thermal admittance-power consumption
ratio is close to 6.42. Furthermore, Fig. 14 shows that
the thermal resistance with n =20 is much lower than
with n =7.
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Fig. 16. The effects of the hub ratio o and the fan-sink's
power consumption Psa, on the thermal resistance Rheat

The performances of several similar devices
(Kim and Kim 2013, Kim et al. 2008, Staats and
Brisson 2015, Koplow 2010), as well as the commercial
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heatsink studied by Choi and Jeong. (2016) are
compared with the presented study and listed in Table
3. It is found that the thermal resistance of the present
study with n= 20 is significantly less than that from the
literature studies. The minimum power consumption
with (n = 20, a =1.25) is 0.38W, and the maximum
thermal admittance-power consumption ratio is close to
Yp=6.42. In other words, the performance of thermal
admittance is great under the minimum power
consumption.
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Fig. 17. Relationship between the Nusselt number and
the Reynolds number on the hub ratio a.

A comparison of the heat performance to the
commercial CPU cooling fan heat sink CPNS-9700
from Zalman Tech was also performed; from Table 3,
both performances are close to each other in relatively
similar overall dimensions. Nevertheless, this
commercial heatsink has more complexity to
manufacture and needs more effort in maintenance due
to the buildup of dust fouling in between its fins which
will be degraded the performance in the long run.

Table 3. Performance comparison of the newly
developed Fan-Sink to some previous studies

from Zalman
Tech Choi

sink Staats

and Brisson
(2015)
Single
unshrouded

centrifugal

0.22 1.8 2.52 5000

fan-sink

Koplow

(2010)

Commercials

heatsink

CPNS-9700

0.36 - - 1700
and Jeong

(2016)

#: In the present study.
*: Result was obtained from heat transfer and power correlation
equation given by the author.

Fig. 17 demonstrates the correlation between the
Nusselt number and the Reynolds number (ln: = 20mm,
Dtan = 142mm, n = 20). It is found that the larger the
Nusselt number, the greater the Reynolds number.
Moreover, the larger the hub diameter, the larger the
Nusselt number. The correlation among the Nusselt
number NU aygnew, the Reynolds number Re, the Prandtl
number Pr, and the ratio of the fan and hub diameters
Drtan / Dy is derived as:

-0.1942
NU,y g ey = 2.5918Re** Pr %22 {—f] (15)
hub

where the range of Reynolds number is 3500
<Re<25000. This formula correlation is also compared
to the CFD simulation result and has a maximum of less
than 6% error.

The maximum value of the Nusselt number found in
Fig. 17 has a much higher value compared to the
literature. Additionally, previous studies found that
cooling fluid has a significant role in increasing the
thermal performance of a cooling device Lin et al.,

(2015). Therefore, we are eager to continue the current

Thermal rTeZeuired Igrf]rlrgt‘:r:ce ) Fan investigation for future research employing a variation
Fan-Sink resistance  powerto  power rotating 0N cooling fluid and analyzing its performance.
Type Rheat rotate consumption speed Since the optimal fan-sink design has been
("C/w)  thefan ratio N (rpm)  established, it may also be applicable to the various
Pran (W) Yp=(1/Rneat)/Pran forms of heat exchangers as an alternate option.
n=7Blade Potentially, more experimental work might improve the
S;‘uﬁz”me”t) 112 041 218 1000  design's form factor by making it smaller and more
Dhupo=45mm compact. In addition, by employing the proposed
n = 20 Blade” correlation method, the thermal performance of the fan-
0=1.25 041 0-38 642 900 sink design may be approximated by simple
n = 20 Blade® calculations prior to the final design being
0=2.0 0-34 0.97 305 1200 manufactured.
Centrifugal
heatsink Kim 4 47 1.82 1.17 1100 CONCLUSION
and Kim
(2013)
Scrolled This study proposes a rotating fan-sink.
252:5'(”2'653;" 0.57 500 Numerical and experimental fan-sink results are
Interdigitated consistent. The thermal resistance of the fan-sink is
single 0.84* 0.40* 2.98 3000 significantly less than those of the literature (Kim and
impeller heat Kim 2013, Kim et al. 2008, Staats and Brisson 2015,
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Koplow 2010, Choi and Jeong 2016).

The effects of several parameters on the
performance of the fan-sink are investigated as follows:
(1) The higher number of blades n, the smaller the
thermal resistance Rheat.

(2) The thermal resistance Rnear decreases with
increasing power consumption Pr., and rotating speed
N. Nevertheless, the power consumption or rotating
speed exceeds a certain threshold, and the thermal
resistance approaches steadily.

(3) The maximum thermal performance of the fan-sink
with hub ratio a=2.0 can reach 0.34°C/W at 1200 rpm
while it consumes 0.97W of power.

(4) If the hub ratio a of the fan-sink is 1.25, the rotating
speed N=900 rpm, and the power consumption
Pran=0.38W, its thermal resistance is 0.41°C/W. The
corresponding thermal admittance-power consumption
ratio is 6.42 and significantly greater than those given
by the literature studies.
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