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A Study on the Prediction of Critical Speed of Axial Fan
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ABSTRACT

The purpose of this study is to predict the critical speed of an axial fan using finite element analysis. The critical speed

has an important meaning in evaluating the stability against the occurrence of overload of the ventilation system in an

emergency situation of the axial fan. Through finite element analysis, the maximum stress acting on the axial fan was derived,

and the results were derived for permanent deformation and fracture of the material by dividing it into an elastic region and

a plastic region. The critical speed of the axial fan through the overspeed test and the analysis results of the finite element

analysis were compared.
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Fig. 1 Failure locus for the maximum normal stress
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Centrifugal Force

Velocity(v) Centripetal Force (F)

Angular Velocity(w)
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F . Centripetal Force (N)
m : Mass (kg)
a . Acceleration (m/s2)
r . Radius (m)
w : Angular Velocity (m/s?)
v © Velocity (m/s)
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Fig. 3 System of axial fan®
Table 1 Design specifications of axial fan
Specifications Unit Value
Impeller hub diameter mm 1,094
Impeller shroud diameter mm 1,790
Tip clearance mm 5
Number of impeller blade ea 14
Hub tip ratio - 0.60
Rotational speed (r/min) 1,185
Flow rate m®/min 3,900
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Property Unit Value
Density kg/m? 2,680
Modulus of elasticity GPa 724
Poisson’s ratio v 0.33
Yield stress MPa 152
Ultimate stress MPa 185
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Fig. 8 Maximum von—mises stress of impeller (MPa)
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Fig. 9 Maximum normal stress of impeller (MPa)
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Fig. 10 Compare of maximum stress & factor of safety(FOS)
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Table 3 Maximum von—mises stress of impeller

(t/min) Maximum Von-Mises FOS
stress (MPa) (Factor of Safety)
1,200 83.456 1.82
1,300 97.939 1.55
1,400 113.585 1.34
1,500 130.391 1.17
1,600 148.356 1.02
1,700 167.480 0.91

Table 4 Maximum normal stress of impeller

(t/min) Maximum normal stress FOS
(MPa) (Factor of Safety)
1,200 124.012 1.49
1,300 145.542 1.27
1,400 168.794 1.10
1,500 193.768 0.95
1,600 220.465 0.69
1,700 2438.885 0.61
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Fig. 11 Configuration of overspeed test device

Fig. 12 Overspeed test device

Table 5 Converted rotational speed and circumferential
speed according to frequency increase

T 3}+7(Hz) 45 50 55 60
A2 3]H 4 (r/min) 1,180 | 1311 | 1442 | 1,573
] HE&%(m/s) 1106 | 1229 | 1352 | 1475

FIEE 45 Hold § 1) YUHOR S s
o] Yo FutE 251l o] F BAkste] e ¢

A& *J%o Wle ARk
5.3 Al Zt

Fig, 138 &% AT Qeirl sied Anke
b Tgolet, AF uleli whE il of 57 Hy
o] 2HE2AA Thézo] WS, 55~60 Ha2 &H
58 Z7A71E TgelN BAT S84 2= el 4
eapeolAle] F40] Exdo] XAl oF 1,500(/min) %
Aol A TEF T 1,500(/min)ol A THEE]7] Hol A%
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