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RESEARCH AND EVALUATION OF THE EFFICIENCY OF THE METHOD OF MANUFACTURING
AXTAL FANS USING CENTRIFUGAL CASTING TECHNOLOGY

Vu Dinh Dang®!, Minh Tuan Nguyen', Van Xo Nguyen'

1 - Hanoi University of Mining and Geology, 18 Vien Street, Ha Noi, Vietnam

ABSTRACT

In this study, we will discuss the axial fan used in automobile cooling systems. Previously, this type of fan
was often manufactured by injection molding, mechanical processing or heat pressing. However, material
technology has developed with a variety of types to ensure technical requirements for durability and reasonable
price. Therefore, it is necessary to consider and improve the method of manufacturing details and parts of the fan.
Centrifugal casting technology was developed in the 1950s. This is a completely different casting method compared
to traditional casting methods. Centrifugal casting technology is an innovative method that allows the creation of
thick and hollow blades. With this method, costs are reduced and manufacturing is relatively easy. To evaluate the
effectiveness of fans manufactured by this method, the study used an aluminum reference fan with similar geometric
dimensions. The fans were acrodynamically tested on a standard test bench 5801. Research results show that the
characteristic curves obtained for the two fans tend to be similar, which shows the adaptability and potential of this
type of fan. Besides, at the design point ¢ = 0.13, the efficiency difference between the fan manufactured by
centrifugal casting method and the reference fan is about 3.1% at a rotation speed of 2000 rpm. The kinetic powers
of the centrifugal casting fan was reduced by about 3%, while the mechanical power was reduced by almost 10%
compared to the reference fan. This has great significance in terms of manufacturing technology, as well as the
hollow fan characteristics it brings.

Keywords: Axial fan, Centrifugal casting, hollow fan, Efficiency, Automobile.

*Corresponding author: Vu Dinh Dang
E - mail: dangvudinh@humg.edu.vn

1. INTRODUCTION

In the current period, the automobile industry is developing strongly with many different manufacturers,
along with the trend of shifting to the source of driving energy. Therefore, more and more applied research in this
field is related to the issue of productivity, efficiency, cost and application of new production methods. In particular,
axial fan blades used in automobile cooling systems are currently being expanded research. Previously, the axial fan
used in this system was mainly manufactured by injection molding, mechanical processing or heat pressing.
However, the plastic market is currently relatively developed, with many suppliers, which brings the advantage of
low cost, popularity and easy access. From there, research and improvement of manufacturing methods for parts and
components are being focused on. The new solution to replace the axial fan manufacturing method is centrifugal
casting technology [1,2]. This technology was developed in the 1950s, which is a method to create hollow parts
from simple to complex without welding seams [3-5]. Currently, there are two populars centrifugal casting methods:
conventional centrifugal casting method and reaction centrifugal casting method [6]. This study deals with the
conventional centrifugal casting method to manufacture axial fans. Basically, centrifugal casting technology is only
suitable for simple parts, without many corners, large space inside the mold... But with this manufacturing method,
especially parts with complex structures such as axial fans, it is a challenge and requires many experimental studies
to select the optimal set of manufacturing parameters. The purpose of this study is to manufacture and evaluate axial
fan versions, applied in automotive cooling systems to improve performance, noise, etc. Typically, axial fans allow
the use of thin blades, but in order to manufacture the fan by centrifugal casting, the blade thickness must be
relatively large (= 10 mm) [7, 8]. To evaluate the efficiency of the centrifugal casting process, fan samples will be
manufactured, which will then be tested on the ISO5801 standard test bench [9] to determine the aerodynamic
properties of the resulting fans. In addition, to compare the aerodynamic properties of the centrifugally cast fan, an
aluminum fan with the same geometrical parameters was fabricated (this fan only differs in the manufacturing
method). The aluminum fan used in this study is considered as the reference fan.

2. RESEARCH CONTENT
2.1 Introduction to centrifugal casting technology for manufacturing axial fans

The fan manufacturing process is carried out in the PIMM (Procédés et Ingénierie en Mécanique et
Matériaux) laboratory. This is a LAB 40 centrifugal casting machine of the Suttle type from STP. The machine is
equipped with a computer screen that allows setting the operating parameters of the casting process (Fig. 1). The



parameters to be adjusted during the casting of the fan include as follows: temperature, time in the oven, mass of
casting material, mold cooling time, manufacturing material, etc.

Fig. 1. Centrifugal casting machine
The centrifugal casting process consists of four main steps (Fig. 2): 1 - Filling the mold with powder; 2 -
Heating the rotating mold in the oven; 3 - Cooling the rotating mold; 4 - Finishing the casting impeller. The mold is
placed on two perpendicular rotating shafts, the rotational speeds of the two shafts are independent and can be
customized. This allows flexibility when producing complex shaped castings or products requiring high quality.
Typically, the rotational speed is kept constant during the heating process in the oven and the cooling process.

C .
Fill the powder into the mold Heating the rotary mold in the oven

Rotational mold cooling Casting products

Fig. 2. Steps of the fan casting process
The main advantage of this manufacturing technology allows the creation of thick and hollow blades. This
characteristic gives the blades useful advantages that cannot be achieved by other conventional manufacturing

methods (Fig. 3).

Fig. 3. Cross section of fan (hollow fan)
2.2 Select some parameters of the centrifugal casting process.

The effects of factors related to the centrifugal casting process studied: powder mass, temperature and
heating time in the oven. During the manufacturing process of the fan blade, if the heating time or temperature is not
enough, the polymer will not melt completely, the air bubbles will not dissolve. This reduces the hardness of the
resulting fan blade. On the other hand, if the heating time or temperature is too high, the material will degrade,
change color and the fan blade will become brittle and fragile. The powder mass also affects the quality of the fan
blade: such as thickness, durability, etc. In addition, if we pour too much powder into the mold, it can lead to the
powder not being able to move in the mold (due to being squeezed or too little space), the shape of the fan blade is
uneven due to lack of powder, etc. Therefore, in this study we will consider the factors (powder mass, oven
temperature, time in the oven, etc.):

Fan manufacturing code: PEL - m - Tr - At

- PE material used is polyethylene.

- Material mass m =500, g

- Oven temperature: Toven = (250; 285; 330), °C




- Heating time in the oven: Atoven = (12; 15; 20), min

- Mold cooling method: cooling by fan for 20 min
2.3 Characteristics of fan materials.

Currently, polyethylene (PE) accounts for about 90% of all polymers used in centrifugal casting. The basis
for selection is PE's ability to withstand high temperature environments, long process times and especially its
relatively low cost. Polyethylene is generally resistant to water, vegetable oils, alkalis and most concentrated acids at
room temperature.

Table 1. Volume density of PE

Material Type Volume density
(kg/cm?)
Low Density Polyethylene (LDPE) 915 +929
Medium Density Polyethylene .
(MDPE) 930 + 939
High Density Polyethylene (HDPE) 940 + 965

In this study, we used polyethylene powder (LDPE-3200) provided by ICO Polymer Factory. This powder
has a melting point of 3.3g/10 min, a density of 938 kg/m3 and a particle size range of 125+250 um.
2.4 Reference fan

To determine the dynamic and aerodynamic parameters of the fans manufactured by centrifugal casting
technology, an aluminum fan was considered as a reference fan. These two fans were manufactured with the same
geometrical dimensions and differed only in the manufacturing process, (see Fig. 4).

Fig. 4. The fan produced by centrifugal casting and reference fan

2.5 Introduction of axial fan aerodynamic test bench
This standard test bench is shown in figure 5, designed and built by LIFSE laboratory according to ISO
5801 [11], it is a box with dimensions of 1.3 x 1.3 x 1.8m. The air flow is measured according to ISO 5167 [12], by
changing the inlet diameter d (mm). In this study, the diameter d (mm) is used with 11 different sizes, Table 2. The
system is driven by a 4kW motor. A torque sensor (HBM T20WN) with an accuracy of £0.2% is mounted between
the fan shaft and the motor shaft.
Table 2. Diameter of suction diaphragm d
d (mm)
121 [ 135 | 169 [190 [220 [238 [267 [300 |336 |375 |475

Static pressure \
\,‘ Diaphragm d (mm)
\‘w

Anti-gyration device

HBM strain gauche
transducer

Fig. 5. Fan aerodynamic characteristics test bench



Static pressure Ap is measured at 4 holes arranged around the box with absolute accuracy +0.1 Pa. A
perforated plate with a diameter of 50 mm and a thickness of 10 mm is placed inside the box to avoid the vortex
phenomenon of the gas flow. The gas flow rate Qv is determined by formula (1):

Low rate Q, (m%/s):

A (2*Ap) 06 7 * D? (Z*Ap) L
= * * = * *
Qv « Pkk ’ 4 1,21 ( )

o «a - coefficient (& = 0.6)
o A - cross section, m?
o Ap - static pressure, Pa
0 Py - density of air, kg/m?
Dynamics power Py, (kW):
Pan = Ap % Q, )
Mecanical power P, (kW):
Po=(UD) = (rx12) = Uy Iy —7 % I2) 3)

o U, - voltage when rotor is no-load, V
o Iy - no-load rotor current, A
o r - rotor resistance, (2
Mechanical power consists of three elements:
o (U =1) - electric power
o (r=*I?)-joule loss
o (Ug* Iy — 1 = I2) - rotor loss at no-load operation

Dynamic efficiency n(%):
- @ = Ap+Q (4)
CPo UxD = (1) = Ug*lo—1*13)
Low coefficient (¢) and pressure coefficient (y) determined with respective errors of + 0.5% and + 0.3%
Low coefficient ¢:

Qy
= 5
¢ T.w. R34« ®)
Pressure coefficient y:
b= _28p (6)
p-w* Ry

3. RESULTS AND DISCUSSION
3.1 Check the repeatability of the fan manufacturing process

To test the repeatability of the manufacturing process, we have manufactured 3 fans with the same code
PEL-500-250-12. The manufacturing conditions must ensure the following criteria: The temperature in the oven
must be stable before the mold is placed in the oven; the same method of filling the powder into the mold;
Manufacturing the fans at different times. The manufacturing results are shown in Fig. 6, through observation we
can see that the 3 fans obtained do not have any significant differences such as shape, color, or defects on the fan
blades. This shows that the repeatability of the manufacturing results is reasonable and ensures reliability.

Fig. 6. The fans are manufactured with the same code PEL-500-250-12

3.2 Check the repeatability of the measurement process on the test bench

For each measuring points, the number of samples is recorded in 180 seconds, the sampling frequency is
1000Hz, the number of samples equivalent to each measuring point is 18000 points. In Fig. 7, the static pressure
value in the box and the torque value on the motor shaft at the rotation speed N = 2000 r/min are shown. These
values are collected by the FCO318 pressure sensor and the HBM T20WN torque sensor (measuring range 5 N.m,



accuracy +0.2%). The values obtained from the pressure sensor and torque sensor are displayed in the form of
voltage (V) and current (A), these signals will be connected to the computer and Labview software through the Ni
Card to convert the electrical signal to a digital signal. The results obtained show that these values relatively stable.
The measured sample values are distributed relatively symmetrically around the average value. This shows that the
obtained values can be guaranteed to be reliable, however, to confirm further certainty, it is necessary to consider

the repeatability of the measured values.
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Fig. 7. Number of samples determined in 180 seconds
(a) - pressure measurement value, (b) - torque measurement value

To ensure the accuracy and reliability of the measurement results. A study of the repeated measurement of
the aerodynamic parameters of the fan on the test bench was carried out. This will verify that the tests give
repeatable results. We randomly selected one of the three fans with the code PEL-500-250-12 that were
manufactured as mentioned above conducting the measurement. The test was carried out at least three times and the
measurement process must be ensured: between each measurement the fan was disassembled, reassembled and
measured at different times. Fig. 8 (a), (b) shows that the test results at the fan speed n = 2000 r/min are almost
identical between measurements, the curves of pressure and efficiency values compared to flow values are perfectly
re-established, with regularity. There is a slight difference in the efficiency values, however these values are within
the measurement error range of +5%, Table 3.
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Table 3. Repeatability test results of fan measurement on test bench with manufacturing code PEL-500-250-12
Test Pressure (Pa) Air flow (m?/s) Efficicency (%)
Test 1 139,55+ 0,6 0,5144+ 0,005 4423 +£0,5
Test 2 140,63+ 0,6 0,5154% 0,005 43,95+£0,5
Test 3 139,94+ 0,6 0,5145% 0,005 43,71£0,5

3.3 Results of manufacturing and testing fan aerodynamic characteristics

In this study, we tested the fabrication of a fan with a powder mass of 500 g, with manufacturing
parameters with detailed manufacturing codes in Table 4. By changing the manufacturing parameters such as the
temperature in the oven, the molding time in the oven, the image of the fan is shown in Fig. 9. The manufacturing
results show the adaptability of the fan blade to this manufacturing method. However, we see that the color of the
fan is not uniform (the transparency of the material and the color of the fan change when the temperature is high).
Specifically: When the temperature in the casting oven is greater than 285 °C and the time in the oven is 15 minutes,
we see a significant change in the color of the fan and the fan blade becomes yellower. This can be explained by the
oxidation of the material. When oxidation occurs, the fan loses its flexibility and increases its resistance and
hardness, and eventually the fan blade becomes more brittle.
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On the aerodynamic test bench, the fan manufactured by centrifugal casting technology (manufacturing
code: PEL - m - Ty - Atis) and the reference fan were measured. Due to the hollow nature of the fan and the PEL
powder, to avoid deformation (imbalance) of the fan blades when rotating at high speed, different speed ranges were
tested: 1000, 1500 and 2000 rpm. This allowed to evaluate many different aspects between the centrifugal casting
fan and the reference fan: assessment of the adaptability of the manufacturing method, stability at different speeds,
efficiency values, etc. The measurement results are shown in Table 4 at the fan speed N = 2000 rpm.

Table 4. Measurement results at speed N = 2000 rpm

Manufacturing code M T T ¢ ¥ n [%]
] [°C] | [min]

PEL-500-250-12 500 250 12 0.1403 0.1656 43.82£0.5
PEL-500-250-15 500 250 15 0.1431 0.1610 43.76£0.5
PEL-500-250-20 500 250 20 0.1431 0.1603 44.44£0.5
PEL-500-285-12 500 285 12 0.1445 0.1581 43.934£0.5
PEL-500-285-15 500 285 15 0.1410 0.1636 43.17£0.5
PEL-500-285-20 500 285 20 0.1403 0.1643 44.1240.5
PEL-500-330-12 500 330 12 0.1417 0.1619 44.04+0.5
PEL-500-330-15 500 330 15 0.1410 0.1636 43.74£0.5
PEL-500-330-20 500 330 20 0.1417 0.1626 45.43£0.5

Reference fan 0.1380 0.1710 42.35£0.5

The test results show the feasibility of centrifugal casting technology, the performance values obtained
from 9 fans are almost similar. This shows that the approach of centrifugal casting technology to manufacture axial
fans for application in automobile cooling systems is feasible. However, these are only the research stages, as well
as the first experimental fan versions manufactured. Therefore, to optimize the manufacturing technology, further
in-depth research is completely capable of improving the quality as well as the performance value of this type of fan.
In addition, the hollow nature of the fan blade obtained is also a special advantage, especially the ability to absorb
sound.

In Fig. 10, the graph shows the relationship between the efficiency value, the pressure coefficient with the
flow coefficient at the fan speed ranges: 1000, 1500 and 2000 rpm. We can see that the largest efficiency difference
at 2000 rpm of the reference fan with the fan with the highest efficiency code PEL-500-330-20 is 3.1%. Meanwhile,
the efficiency obtained the other fan larger than the reference fan (Table 4). This analysis result seems to be very
consistent with the evaluation of the fan manufacturing process when changing the parameters (temperature and
heating time in the oven), the color of the obtained fan changes significantly. This can be explained based on the
oxidation of the fan blade. At a temperature of T = 330 °C and a mold time in the oven of about t = 20 min, the
phenomenon of material oxidation may have been formed and this leads to the phenomenon of the fan becoming
harder than other manufacturing conditions. Therefore, when the fan blade rotates at high speed, the ability to resist
deformation of this fan blade is greater, making the flow velocity around the blade cross-section stable and the
efficiency higher. However, when oxidation occurs, the color of the fan becomes yellower, brittle and fragile,
leading to a decrease in practical application.
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Fig. 10. The graph shows the relationship between efficiency, pressure coefficient and flow coefficient of two PEL-
500-330-20 fans and the reference fan.

The research results show the potential of manufacturing cooling fans using centrifugal casting technology
as well as the outstanding feature of the hollow nature of the fan. Specifically, we see that the acrodynamic power
value of the centrifugal casting fan compared to the reference fan is reduced by about 3% but the mechanical power
value is reduced by nearly 10% compared to the reference fan, Table 5.

Table 5. Comparison of performance of reference fan and centrifugal casting fan at rotation speed N = 2000 rpm

TT Parameter names Reference fan Centrifugal casting fan Unit of measure
1 Efficiency 42,3540.5 45,440.5 %

2 Torque 0,85+0.003 0,76+0.003 N.m

3 Aerodynamics power 74,90 72,4 w

4 Mechanical power 176,8 159,3 \\%

4. CONCLUTION

The research results have mentioned some aspects as follows:

> The research has proposed a new method in the field of manufacturing axial fan blades by centrifugal
casting method. The research results show the adaptability of fan blades manufactured by centrifugal casting
technology. The obtained fan dynamic characteristics are almost similar to the reference fan.

> In terms of driving energy, the mechanical power of the centrifugal casting fan is reduced by about 10%
compared to the reference fan. In addition, the efficiency values of the obtained fan blades are all larger than the
reference fan and the maximum efficiency value increases by about 3.1% with the PEL-500-330-20 fan at a rotation
speed of 2000 rpm.

> To improve the quality of axial fan blades manufactured by centrifugal casting method, more in-depth
studies are needed such as: determining the deformation when rotating at high speed, fan balance, fan shrinkage, or
testing with different powder masses (300 g, 400 g, and 600 g) O
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