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Large Eddy Simulation on the Aerodynamic Performance
of One-pitched Small-size Helical Axial Fan
with the Different Blade Lengths
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Abstract : To analyze the aerodynamic performance of three types of small-size helical axial fans
(SSHAF) and small-size axial fan (SSAF), large eddy simulation (LES) was performed using
unsteady-state, incompressible and three-dimensional rectangular coordinate systems. The static pressure
and power coefficients for the flow coefficient of the SSHAF increase with increasing blade length, and
unlike the SSAF, there are no unstable regions of stall. In addition, the increasing rate of power
coefficients in SSHAF is about twice that of the same flowrate as the blade length increases. The static
and total pressure efficiencies for the flow coefficient of SSHAF are distributed higher than those of
SSAF regardless of blade length, and the maximum values at the blade length of 100 mm are about
48% and 54%, respectively. As a result, SSHAF is considered sufficiently replaceable with a new axial

fan because it can exhibit similar aerodynamic characteristics as SSAF by changing the blade length.

Key Words - Aerodynamic performance, Courant number, Dynamic subgrid-scale, Large eddy simulation
(LES), Small-size helical axial fan (SSHAF)
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Fig. 1 Geometry configuration for the numerical analysis of 1-pitched SSHAF
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Table 1 Mesh specification for numerical analysis

Fan Total element number
types Total node number
¢,=50 mm 8,410,022

1,892,388
9,489,371
£, =100 mm =
SSHAF | & 2,215,040
¢, =150 mm 12,192,802
2,857,486
4,395,460
SSAF 867,051
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Fig. 3 Unstructured mesh configuration for the numerical analysis of 1-pitched SSHAF
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Fig. 4 Static pressure coefficient profiles obtained
by LES analysis

Table 2 Coefficient values satisfied with the curve-

fit of static pressure coefficient

Fan types Coefficient values
a=0.61289505 |g=-0.018537941
b=-10.87901 |h=193.41474
c=-8.1470624 |i1=-32.447299

SSAF d=126.186608 |j=-42.7252
e =29.280966 |k=-234.60854
f=3.5169013 -
a=0.50393768 |e=264.11964
€,=50 |b=-30.197078 |f=64.089628
mm |c=-20.475475 |g=-1037.4671
d=199.07838 |h=06996.9626
a=0.64112525 |e=2839.34879
0,=100| b=-55.297363 |f=-380.27689
SSHAL mm |c=-37.033379 |g=-2736.074
d=1142.7673 |h=28495.1867
a=0.73435372 |e =150.966807
(,=150b=-9.3595965 |f=135.59676
mm |¢=-10.59359 |g=-75.762643
d=6.4174215 |h=-176.10459
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Fig. 5 Power coefficient profiles obtained by LES
analysis
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Table 3 Coefficient values satisfied with the curve

-fit of power coefficient

Fan types Coefficient values
a=0.19297123 |[f=-320.45763
b=-16.172347 |g=-68.843927

SSAF c=-3.3889621 |h=499.71182
d=100.66758 1=289.659929
e=2238114 -
a=0.073373816 |f=-2453.9169

£.=50 b=-36.849833 |g=-461.31365
;’m;l c=-33614248 |h=22511.852
d=1552.17237 1=1103.3922
e =63.979008 ]=-120119.12
a=0.18177719 |g=-1166.6712
b=-72.429595 |h=7493.2085
SSHAF | (,=100 |c=-13.801363 |i=585.08197
mm |d=1385.2598 ]=-21424.881
e =298.72995 k=1903.2251
=-1627.6281 -
a=0.31252909 |[e=2127.4933
(,=150 |b=-2.1778335 |f=-6769.6233
mm |[c=31.389934 e=10921.28
d=-355.93461 |h=-7032.293
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Fig. 6 Static pressure efficiency profiles obtained by
LES analysis
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Table 4 Coefficient values satisfied with the curve

-fit of static pressure efficiency

Fan types Coefficient values
a=0.088192275 | f=-422.70505
b=-15.124091 |g=17607.796

SSAF c=287.16181 |h=1023.7315
d=102.93267 |i=-26197.281
e=-3803.9262 |j=-986.71383
a=-0.67326333 |g=-5168318.3
b=1526.7951 |hL=900827.33

[,=50 |c=1238.6991 |i=-12077415
mm |d=-6986.032 |j=-4044657.4
e=98792234 |k=-22765855
f=-53329.545 -
a=0.24366694 |f=-7924.8682
~|b=36.358049 | g=-52208.928
SSHAF [h;nlfo c=249.16 h=35596.398
d=578.46836 |i=-144422.12
e=22037.277 |j=-58501.693
a=-8.40525 g=-1774434.1
b=4269.0267 |h=-356891.61
(,=150 | c =2984.0364 |i=-1639210.3
mm |d=-13191.252 |j=3565730.2
e=887130.71 |k=-1105026.5
f=69676.381 -
a+cp+ed’ + 9o +igt 9
T 1+bo+dg? + fo* +he' +jd° ©)
2
n = %j(ﬁz (10)
1+bp+de’ + f¢
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Fig. 7 Total pressure efficiency profiles obtained by
LES analysis

Table 5 Coefficient values satisfied with the curve-

fit of total pressure efficiency

9 Zol7l A2 tE 329 SSHAFS| RdE

Fan types Coefficient values
a=0.21741601 |f=89.70093
b=-13.412742 |g=19673.38

SSAF c=299.8101 h=-918.96518
d=49.303227 1=-29725.882
e=-4197.1083 |j=1641.4104

. |a=02558314 d=60.770515
t;’r;flo b=-9.5083838 |e=-4254.4058
c=621.29921 f=-245.50719
a=0.22417627 |f=-6126.8779
3 b=7.6415933 g=-6188.5444
SSHAF [bl;llr?o c=266.61134 h=27350.049
d=1524.08261 1=-134392.05

e =9869.6241 j=-46362.711
_ a=0.18251096 |d=-18.269088
Ehl;llso b=10.43888504 |e=-668.23989
¢ =264.46618 f=33.590875
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