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COMPUTATIONAL ANALYSIS OF TIP CLEARANCE EFFECT ON AERODYNAMIC AND
ACOUSTIC PERFORMANCE OF THE DUCTED FAN
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A ducted fan offers improved safety by preventing object collisions and shielding the rotating blades. The tip
clearance is an important parameter that can control the strong vortex generated at the rotating blade tips and
impacts the performance. This study conducted computational analysis to investigate the effect of tip clearance
on the aerodynamic performance and noise level of a ducted fan in hover condition using lattice-Boltzmann
method (LBM) simulations. The tip clearance was defined as s/R = 1%, 2%, 4% using propeller radius(R), and
computational analysis was conducted, including an propeller without duct. The thrust contribution of duct
system was confirmed through the axial velocity field and surface pressure contour on ducted fan. Duct Shielding
effect and aerodynamic noise level were investigated by comparing the overall sound pressure level (OASPL).
Moreover, the directionality of noise propagation was observed using the instantaneous sound pressure field with
various tip clearances. As a result, the strength of blade tip vortex increased as the tip clearance increased, thus
leading to increase in tonal and broadband noise. It was concluded that a reduced tip clearance demonstrated

enhanced noise reduction performance for the ducted fan.

A2k A
e T4
&l ZF4(Tip Clearance)

Key Words :

LM E

HE|= H(Ducted Fan)> HEDuct) = F2H-=(Shroud)
:[Lz%o] 4;_.&131 _,__I,]E' 7l/>L].J_ %L I3 q]g] Zx] }\]/\Eﬂ
S gudith PEE @S YE F2Eo] Beols SuNE
R Qlo} nlE F o EXO FES wWAs] 71419
AE 1Y 5 odn A e e R 5 gk
St AR HlE 2xdelA dukAQl ZE S} vlwsle] 22
Received: November 15, 2023, Revised: December 29, 2023,
Accepted: December 29, 2023.

* Corresponding author, E-mail: hlee@gnu.ac.kr
DOI http://dx.doi.org/10.6112/kscfe.2023.28.4.106
© KSCFE 2023

8h(Computational Fluid Dynamics), 2]
d%5 (Rotor Aerodynamic Performance),
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(a) Airbus H155 (b) KAI LCH

Fig. 1 Helicopter application of ducted fan

; a) Bell Nexus 6 |

(b) Airbus CityAirbus
Fig. 2 UAM application of ducted fan
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Fig. 4 Computational domain and boundary conditions
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Table 1 Flow and simulation conditions

Pressure 101,325 Pa
Reynolds number 10,954,000
Rotating speed 3000 RPM
Tip mach number 0.36
Total simulation time 20 revolution (0.4 sec)
Time step size 0.02 deg. (1.346e-06 sec)
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This paper is a revised version of a paper presented at the
KSCFE 2023 Spring conference, Busan, May 10-12, 2023.
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