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Large Eddy Simulation on the Downstream Distribution of
Turbulent Kinetic Energy according to the Operating Loads
of Three-Dimensional Small-size Helical Axial Fan
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Abstract : The characteristics of the downstream turbulent kinetic energy distribution were analyzed by
large eddy simulation (LES) according to the operating load of a three-dimensional small-size helical
axial fan (SSHAF). In an SSHAF, the curve of static pressure performance for each flow coefficient
does not include an unstable region representing stall, but increases with increasing blade length. The
peak value of the axial mean velocity component developed around the tip of the blade exists regardless
of the operating load; it does not spread significantly to the periphery even if the operating load
increases. Therefore, axial flow exists at all operating loads. As a result, regardless of the downstream
distance, the turbulent kinetic energy generated at the tip of the blade is much smaller than that of the
small-size axial fan (SSAF) at full flowrate; however, such energy develops largely as the operating load
increases. Since this SSHAF is predicted to bring about a noise reduction effect at full flowrate,
additional research is needed to confirm the noise effect by applying this SSHAF to the propulsion
device of a ship or submarine that values noise.

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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Enlarged view

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

by LES analysis
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Fig. 4 Downstream axial mean velocity component profiles of SSHAF according to the operating points

oluf, BE F33I SSAFQ| WHF oA
she Ve 3FE9 Aglel FAfe (Y A

5
ATt ©]H L SSAF7F 1 H3HE B

es o 5 »
ool weh FRAES TR HHZ U
253, PAFOE §50 AWM WA

(radial flow)o] FA4=7] wjFoltt. ol9} Z& &
’F 2ol 2 18] SSHAFZF EE HE3A =
S Hola glo] 7]E¥9] SSAFET O $
P EFMolgts AL & F Aok o)AL e

100 mm<?! SSHAFAIA = FL3tA &



3.3 HRISHHX| 22X

Fig. 5= 970 Z°]7} 150 mm<Q! SSHAFE LES
sjAste] Aol spRFoE Yozl 7%3111}@
Agstol] wet WEste FFASTd e
TAUAKE)ES 435 vl ago|th 0471
A KEE fre7do] €38 daxo 50 #4

Ho Fo

(a)) Z4=5mm

>

N

=2
=

AL

; AU“{‘ 5
s T £
4 \ A
3 ms
2 |

' /,

0

N
m o

-200 <150 -100 -50 0 50 100 150 200
Radial distance, X[mm]

Turhulent kinetic energy, KE[m®/s’]

(b)) Z4=10mm

-200 150 -100 -50 0 50 100 150 200
Radial distance, X[mm]

Turbulent kinetic energy, KE[m/s’]
o C = N W a0 o

(c)) Z4=20mm

-200 -150 -100 -50 0 50 100 150 200
Radial distance, X[mm]

Turbulent kinetic energy, KE[m®/s’]
© = N W & 0 o

- QA

_|.

(homogeneous)3lth= 714 dlell Feojd 2oz
kst T

Fig. 5914 KES| BX &= st7F Azl A
o] ¥ EYRE

A

Vel 71&717

F 3A

5
4
3
2
1
0

Turbulent kinetic energy, KE[m’/s’]

(d))Z4=

sl

30mm

P e iy

-200

(e))Zq=

-150

-100 -5

0

0 50 100 150 200

Radial distance, X[mm]

40mm

]

-200

Turbulent kinetic energy, KE[m’/s’]
N S = N W A

6

-150

-100 -5

0

0 50 100 150 200

Radial distance, X[mm]

(f)) Zy= 50mm

s ——7

5
7
3
2
1
0
2

Turbulent kinetic energy, KE[m’/s”]

-200

-150 -100

-50

0 50 100 150 200

Radial distance, X[mm]

Fig. 5 Downstream turbulent kinetic energy profiles of SSHAF according to the operating points
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