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Large Eddy Simulation on the Aerodynamic Performance
of Small-size Helical Axial Fan with the Different Number
of Blade Pitches
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Abstract: Large eddy simulation (LES) was performed in unsteady-state, incompressible and
three-dimensional coordinate systems to analyze the aerodynamic performance of two types of small-size
helical axial fans (SSHAF) and small-size axial fans (SSAF). Regardless of the number of blade pitches,
the SSHAF does not have an unstable region representing the stall in the static pressure performance
distribution, unlike the SSAF. At the same axial depth, doubling the number of blade pitches in SSHAF
results in approximately twice the maximum flow rate and a significant reduction in static pressure
performance, but reversal in low flow regions with a flow coefficient of less than 0.02. The maximum
total pressure efficiency of the SSHAF with one-pitch blade is the greatest at about 54% at a flow
coefficient of about 0.2. On the other hand, the maximum total pressure efficiency of the SSAF is
about 36%. As a result, SSHAF has similar aerodynamic characteristics to SSAF and can be considered

as an alternative to the new axial fan.

Key Words : Aerodynamic Performance, Courant Number, Dynamic Subgrid-Scale, Large Eddy Simulation
(LES), Small-Size Helical Axial Fan (SSHAF)
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Table 1 Mesh specification for numerical analysis

Inlet wall

Bellmouth wall
(No slip wall)

Fan type Total element number
Total node number
Outetwal SSAF 4é?é97?(,g610
r 1-pitched SSHAF 2:;?2:347;(1)
2-pitched SSHAF 22‘1‘332

Chamber wall (No slip wall)

Fig. 1 Geometry configuration for the numerical
analysis of 1 or 2-pitched helical impeller
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Fig. 2 Geometry arrangement of 1 or 2-pitched SSHAF
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Enlarged view Enlarged view

(a) 1-pitched SSHAF (b) 2-pitched SSHAF

Fig. 3 Unstructured mesh configuration for the numerical analysis of 1 or 2-pitched SSHAF
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Fig. 4 Static pressure coefficient profiles obtained
by LES analysis
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Bellmouth

Fig. 5 Geometry arrangement of SSAF
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Table 2 Coefficient values satisfied with the curve-fit

of static pressure coefficient

Fan type Coefficient values
a=0.61289505 g =-0.018537941
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Fig. 6 Power coefficient profiles obtained by LES

analysis

Table 3 Coefficient values satisfied with the curve

-fit of power coefficient

Fan type Coefficient values
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Table 4 Coefficient values satisfied with the curve

-fit of total pressure efficiency

Fan type Coefficient values
a=021741601 |f=89.70093
b=-13.412742 |g=19673.38

SSAF  |c=299.8101 h=-918.96518
d=49303227  |i=-29725.882
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a=022417627 |f=-6126.8779

, b=7.6415933 o= -6188.5444
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e=0869.6241  |j=-46362.711
a=0.087998596 |f=-2153.3349

2-pitched |°= =6.5451523 | g=275960.42

SSHAp | ¢ 659.96163 h = 3935.6662
d=39731262  |i=-1846393.8
e=-5351.9525  |j=-33938.921
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