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Large Eddy Simulation on the Aerodynamic Performance

of Three-Dimensional Small-Size Axial Fan with the
Different Depth of Bellmouth
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Abstract: The unsteady-state, incompressible and three-dimensional large eddy simulation(LES) was
carried out to analyze the aerodynamic performance of three-dimensional small-size axial fan(SSAF) with
the different depth of bellmouth. The static pressure coefficients analyzed by LES predict a little bit
larger than measurements except stall region regardless of the installation depth between SSAF and
bellmouth. Moreover, static pressure efficiencies analyzed by LES show about maximum 30% at the
actual operating point ranges, but measurements do not. Therefore, if the blades of conventional SSAF
have some more rigidity and complete dynamic balance, the aerodynamic performance of SSAF will be
some more improved. In consequence, LES shows the best prediction performance in comparison with

any other Reynolds averaged Navier-Stokes(RANS) method.

Key Words : Aerodynamic Performance, Courant Number, Dynamic Subgrid-Scale, Flow Coefficient, Large
Eddy Simulation(LES), Small-Size Axial Fan(SSAF), Static Pressure Coefficient, Static Pressure Efficiency
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Fig. 1 Geometry configuration for the numerical
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Table 1 Specification of SSAF
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Table 2 Mesh specification for numerical analysis

Item Specification

Hub diameter (mm) 25
Blade depth (mm) 27.315
Blade thickness (mm) Max 2
Blade curvature radius (mm) 109.24
Chord length at tip (mm) 65.58
Chord length at hub (mm) 13.33
Blade inlet angle (°) 98.08
Blade outlet angle (°) 51.16
Blade rake angle (°) 5.14
Solidity at tip (-) 0.7591
Solidity at hub (-) 0.6789
Blade attachment angle (°) 24.28
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Fig. 2 Position array between SSAF and bellmouth
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Fig. 3 Mesh configuration for numerical analysis
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Fig. 4 Static pressure coefficient profiles obtained

by experiment and LES analysis
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Table 3 Coefficient values satisfied with the curve

-fit of static pressure coefficient

P?;;EOI;@;ES}I Coefficient values
a=0.52908876| f=-70.005117
b=-9.1816245| g=-21.99597

Exp.| c=-4.7091953 | h=84.057108
d=34.568301 i=11.522392
Type A .
e=15.42625 j=-45.074045
(5 mm) a=0.53454869| e=7.1708279
LES b=-6.4299184 | f=-18.707548
c=-3.4008644 | g=-5.005022
d=15.686605 | h=10.310877
a=0.59822569| g=7930260.8
b=-1.2635358 | h=-37559975
Exp c=34.311425 | i=1.0341126x10°
| d=-2558.2473 |j=-1.5336968x10°
€=68892.058 k=94775482
Type B =-981379.36 -
(10 mm) a=0.61289505| g=-0.018537941
b=-10.87901 | h=193.41474
LES c=-8.1470624 | i=-32.447299
d=26.186608 j=-42.7252
€=29.280966 | k=-234.60854
=3.5169013 -
a=0.64107962| e=2050.566
Exp. b=-50.216837 | =51423.539
c=-61.432081 | g=-18960.658
Type C d=252.44555 -
(15 mm) a=0.63827884| ¢=72.648014
LES b=-18.597085 | f=-573.41487
c=-11.953663 | g=-138.52845
d=136.95926 | h=1408.7372
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Fig. 5 Static pressure efficiency profiles obtained
by experiment and LES analysis
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Table 4 Coefficient values satisfied with the curve

-fit of static pressure efficiency

Pz);;goge;&e;y Coefficient values
a=-0.5367666 | =-360.38183
b=-13.440209 | g=20913.4
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