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A Study on Structural Characteristics of Axial Fans Operating Speed
Using Finite Element Analysis
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Abstract The axial fan is an element of a blower used for ventilation in various industrial fields. Many
studies on aerodynamic performance have been conducted to assess axial fans using fluid dynamics. The
subject was a large axial fan size, 1800 mm in diameter with 100 horsepower. The blower's axial fan
consisted of blades, hubs, hub caps, and bosses are important components. The blade design has a great
influence on the aerodynamic performance. 3D point data is extracted using an aerodynamic
performance prediction program, and a 3D modeling shape is generated. The blades and hubs, which
are important components, can be easily modified if processed by cutting owing to the environment in
which blades and hubs are manufactured through die casting or gravity casting. In this study, the
structural safety of components and the analysis results of weak areas at the rated operating speed of
the axial fan were verified using the maximum stress and safety factor. The tip clearance reflected in
the design was the rotation of the blade. To check whether there is interference with other components,

the displacement result was derived to verify the structural safety of the axial fan.
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Fig. 3. System of axial fan



Fig. 4. Components of impeller

Table 1. Design specifications of axial fan

Spec. Unit Value

Impeller hub diameter mm 800

Impeller shroud diameter mm 1,800
Tip clearance mm 5
Number of impeller blade EA 14

Rational speed RPM 1,185

Flow rate m? /min 3,900
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Table 2. Materials of impeller sections

Value

Property Unit Blade & |Boss & Hub
Hub cap
Density kg/m?| 2,600 7,800
Modulus of Elasticity GPa 72.4 160
Poisson’s Ratio - 0.33 0.33
Tensile Strength, Yield MPa, 152 230
Compress Yield Strength MPa 185 415
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Fig. 6. Boundary condition
(a) Hinge condition (b) Centrifugal force condition
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Table 3. Max. Stress of impeller sections

Maximum stress (MPa)
RPM
Hub Blade Boss Hub Cap
1,200 27.68 60.15 30.67 192.89
1,300 32.47 70.59 35.99 226.38
1,400 37.68 81.91 41.75 262.55
1,500 43.24 94.18 47.92 301.39
Table 4. FOS of impeller sections
Factor of safety (FOS)
RPM
Hub Blade Boss Hub Cap
1,200 8.67 3.99 13.53 2.15
1,300 7.39 3.4 11.53 1.83
1,400 6.37 293 9.94 1.58
1,500 5.55 2.55 8.66 1.38
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Table 5. Displacement of impeller

RPM Displacement (mm)
1,200 0.766
1,300 0.899
1,400 1.042
1,500 1.196

URES {mm}
0.766

0.702

. 0.638
. 0575
- 051

. 0447

. 0255

0.383

0.319

. 0182
o128
0.084

0.000

(@)

URES (mm)

- 0743

0.800

0.824

T
_ 0599
0.524
0450
0.375
_ 0300

_ 0225

URES (mrm)

0.150

0.075

0.000

b

1.042
0.955
. 0.888
. 0782
_ 0883
- 0.808

_ 0347

0.521

0434

- 0.261

URES {rmm)

0174

0.087
0.000

(©

1.196
1.006
| 0997
- 0897
- 0797

_ 06938

| 0399

0.598

0.408

| 0299

Fig. 12. Maximum displacement of impeller

0.199

0.100

0.000

d

(a) 1200 rpm (b) 1300rpm (c) 1400rpm (d) 1500rpm

4. ZE

(1) ¥A4£4%71 100 rpme] 371 o o) 39

15~17%7t S7Fohs 23t #4245 (3E,

k== ke
-

il
=2

PSR OCIE LR SR ERUS )

BAYSHO o UERdS o 4 99t

600



Jo
L
b
o
X
fllo

o]-83 HRW 2H&LE FREH| W A+

4
Mo

3

4 [

—_

Xl T rlo 2
[e)

T 71 QIF 18 AES] Y S A%
7¥si, |2 9] QPAASTL 1,382 7 W
Ueto] AlE AEAE Bl 7HAdsor & 2
43 5k & o] WYsHA] Gh=rth= 7h
dehz e QPHst Aoz FeErt
ol ofgt Hofg-2o] thE FFof| uls kA
w2 o|RE 5H e SFHW| 5] 14
3|HeHA] = FEi= HASoF T Aoz W
chE )

M= 0.766~1.196 mmE E&31goH, &4
£59] Z7to] wet AgH oz FrlekA|e, d
ot Alo|A9] HA o77=tip clearance) 5

=
)

mmz 475 2 oﬂw% QJeei 24do] ot
e ge Row waet,

@ ¥ 7ol B 392 A Ho] ABS 7
ZAE AFT Aol ol 4 ANE T8
RE AE AT 9D Tsislon, 9

(11

(2]

(3]

(4]

(5]

(0]

References

K.Y, Lee, ‘Research trends in the field of blowers and
ventilation systems in 2019”, The KSFM Journal of
Fluid Machinery Vol.23(2), pp.67-72, Apr. 2020.
DOI : https://doi.org/10.5293/kfma.2020.23.2.067

Yang, S.H, Kim, K. Y., Hoe, M. W., “Effects of
Geometric Parameters on Aerodynamic Performance
of a High Pressure Axial Flow Fan,” The KSFM Journal
of Fluid Machinery, Vol. 21(6), pp. 32~38, Dec. 2018.
DOI : https://dx.doi.org/10.5293/kfma.2018.21.6.032

Lee, S.G, Lee, K. Y., Yang, S. H., Choi, Y. S. “A Study
on Performance Characteristics of an Axial Fan with
a Geometrical Parameters of Inlet Hub Cap,” The
KSFM Journal of Fluid Machinery, Vol. 22( 4), pp.
5~12, Aug. 2019.

DOI : http://dx.doi.org/10.5293/kfma.2019.22.4.005

Chan Lee, Hyo Sang Kim, Hyun Gwon Kil , “Evaluation
on the Blade Vibration Characteristics of a Plastic
Axial Flow Fan Using Flow-Structure Coupled Analysis
Technique ,” The KSFM Journal of Fluid Machinery,
Vol. 22(5) pp. 21~27, Oct. 2019.

DOI : http://dx.doi.org/10.5293/kfma.2019.22.5.021

Dong-Hyun Kim, Yi-Jun Park, Hyun-Gwon Kil, Chan
Lee, “A Study on the Design of Pod Type Circular
Silencer with Two Air Layers for High Pressure Axial
Fan”, Proceedings of the KFMA Annual Meeting,
pp.212-213, Jul. 2019.

Kurowski and Paul, Sdc Pubns, ‘Engineering Analysis

601

With SolidWorks Simulation 2018" 2018.

[71 Timoshenko, McGraw-Hill, “Theory of Elasticity”,
1970.

[8] Norman E. Dowling, “Mechanical Behavior of
Materials (Engineering Method for Deformation,

Fracture, and Fatigue)”, 2015.

[9] David V. Hutton, “Fundamentals of Finite Element

Analysis”, 2006.

[10] James M. Grere, Barry ]. Goodno,
Material - SI Edition”, 2014.

“Mechanics of

= & Z(Jeong-Keun Kook) (X359
+ 20024 2¥ : =& WSSt

1ASSHE (b
. 2004L% 84 : F7|EnSista
AZer (FsHAIAD
. 2017L=1 84 ~ @Al : T=7Ie

'j ﬂ Koot AAFSH (k)

@Eep
T84 (1A 2op

& ZHByung-Kwan Cho) [Hs)9]

+ 19814 24 : Agdistn 71AA
At (AP

- 19864 29 : AM2tista 1A
At} (T34

+ 19929 29 : A&Hgte 7|AA
Akt (T

+ 19929 29 ~ 19934 1¢¥ : |
AEA ABALATL B

TIEwS sk 7| A wa

+ 199349 14 ~ @A :

<1’.‘:‘-Er°b

S A1E/71A #h



