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Recently, as UAM has been in the spotlight worldwide, the issue of aerodynamic noise generated from propellers has
emerged. Therefore, changes in thrust and aerodynamic noise were compared while changing the propeller lay-out
distance. The designed propeller model was analyzed using ANSYS Fluent, a CFD software. Based on steady-state
analysis, transient analysis was performed, and SPL was calculated using the FW-H noise model. Based on the standard
propeller lay-out distance of 0.1 R (0.12 mm), 5 cases from 0.2 R to 0.6 R were compared with the reference model at
equal intervals of 0.1 R. The thrust increased by up to 3.5% as the propeller distance increased. In most listeners
positioned to measure SPL, noise was reduced by 0.07-0.7% in the improved model compared to the reference model due
to reduction in local vorticity. However, because pressure fluctuation due to the increase in thrust and high SPL in the low-
frequency region were measured, noise increased by 0.6% to 3.5% in some listeners. Increasing the propeller distance
enhances thrust performance, but inevitably increases noise due to pressure fluctuations and SPL in the low-frequency
region. Therefore, strict analysis of noise prediction according to a specific frequency and various design shapes are
needed.
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A v|eY(Hovering) A& 7M1 o, ThEokoA &
25T 9 g ®AQ =& = 3htel D(it)2] Phantom 32 ¢
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2. Propeller 22 2 M|

2.1 Phantom 3

H Ao A D(it)2] Phantom 3 E2& 2-8slo] ALS
2135 } © ™ Phantom 3 =22 FE==Z ¥ (Quad-rotor) 4] o
2 ZZ(D)o] 240 mmQl 9450 TZHZHE ARG} Phantom

Table 1 Physical specifications of phantom 3 and 9450 propeller

Phantom 3 9450 Propeller
Weight [g] 1,216 67.7
Rotational speeds [RPM] 1,000-6,000
Diameter [mm] - 240
Number of propellers 4 EA -

Fig. 1 Morphological parameters of 9450 propellers

Table 2 Lay-out distance of design parameters of 9450 propeller

€4 [mm] € [mm] { [mm]
Base model 243 252 12
Casel 255 264 24
Case2 267 276 36
Case3 279 288 48
Case4 291 300 60
Case5 303 312 72

39} 9450 Zealefo] AAIE AlYe

x| o] wjxlof wH %E—%i—% A HAY F
512 ororct. ZEEe o] B =
ggstglon At sj4S flste] ©<=3HCAD Repair)stl
o} S534S 9sle] 712, NlRe] Do)z}t 10D(2 400 mm) =
2o REE §A9 Y7H4] 6D(1,440 mm), 70| -5 &

Ao TS| 9Jste] 2714 16D(3,840 mm)e] ZE3t 7101
2 Zof AguA 9% §EAL ARsGom, §A19 8
e mameo] Hut Q1 mRdele] AE nestol
AT 7ho] WAISH) ¢l 242 mme] A0 §5%
2 sttt

2.2 =29l x| HA|
7] Phantom 39] Z&#g| vz 7]&

AF9IE FFarsto]
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15.0

Fig. 2 Elements dependency test for thrust value in fluid domain

Table 3 Design conditions for numerical analysis

Time Steady Transient
Viscous model k-omega SST LES
Acoustics model BNS FW-H
Rotational speed [RPM] 6,000
Inlet pressure [Pa
P [Pl 101,325
Outlet pressure [Pa]
( LS S R — )
(a) Thickness noise
e L

(b) Loading and broadband noise

——

(c) Blade-Vortex-Interaction noise

Fig. 3 Schematic of propeller noise sources and directivity

B o]3lo| A= Phantom 3 E2o||A] ARSI 9450 T2 Y
o] FAFS Theslskal ANSYS Fluent SWE 422|314 of] -85}
ATk Fig. 10|49] 7 2] w<=o Table 29] =4 & 285 7]&
2dy} Cases 1-58 Z2dg] 7140 w2 38 4 Fg 429

Table 4 Receivers spot with the variation of local positions

X[m] Y [m] X[m] Y [m]
RI 0.5 R9 0.5
R2 1 R10 -1
R3 1.5 RI1 -15
R4 2 RI2 2
RS 0.5 RI3  05tan60°  -0.5
R6 1 R14 tan60° -1
R7 15 RI5  15tan60°  -1.5

RS 2 R16 2tan60° -2

Receiver 5 v

Receiver 1

® Receiver 9

Receiver 13

Fig. 4 Position of the receivers on the coordinates

H3tol| thsto] A S APt F 67HA] mdof ths)
o A A4 (Pressure Coefficient, Cp)Q} 2F= H-3Z(Vorticity
Contour), &% #E](Velocity Vector), 12|11 F3}<4>(Frequency)
of w2 SPLE Hsle] Felag Aztel 7wl 4o 2l
= AABH] st s &5 siAS AsHATh A vy
FefelA 9] Fataro] W SPL s ER1sh7] fiske] e
FAAE Fig. 39] 5o g Huf ks dejsto] 445t
&’12‘11 Il 9IAE Table 40 A2jstlaL, Fig. 4o Urehf it

FARRE 230 Au} Wpgko] 4=l F7|(Thickness) 4
, 5-129 A= 3 ‘%W‘:OE A== =9 (Loading)
sgtH&l(Broadband) 288 13-1691 A= £HojA 30°

L2 AYEEs BVI 235 SA% AR QA& &

%4 =HE Qi g AA7E i—% Haol Hrrt v
n)&k Zolet detE|o] 0.5 me] F7HH oz Holx A A5t
. A 9] AlFAS ER3F7]) Y5ty KISTIE] NURION 4~
A€ 5%7](Intel Xeon Phi 7250 1.4 GHz, 68 CPU Cores,
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Velocity z
@
1% <> & & 7
0 ) > 3
(4 K>, ‘Q R, s
(4 (4 0 (%) X

(d) Case 3

Fig. 5 Velocity vectors at six different propeller distances

Vorticity

(d) Case 3

Fig. 6 Vorticity contour at six different propeller distances

41 55 HE H o BX
ZzaP o] ZHAof mhE HEWE | FE S Fig Sofl YERAR]

o 2 dtellM= S99 FAIE HH FRA7I= MRF 7]

e et fAl Hdf S o] Ek(Tip)fA

(e) Case 4

(f) Case 5

(e) Case 4

AT 71 HEldl Cases 1-59] &= HE| Q] /ol A
239 Agle] wE wof H= £ WEHO ¥t g9l
o stk ol =R o Tt o] Zmde 9 {A|9] &
Lol= & FFE 7IAA o, gebA =2 Skl 25t
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Pressure Coefficient

-0.6

-0.8 L L
-0.15 -0.10 -0.05 0.00

Radius [m]

Fi

g. 7 Pressure coefficient vs. radius of propeller

Base
Case5|

2.5x10°

2.0x10° |

1.5x10° |-

1.0x10° |-

Vorticity [s™']

5.0x10° |-

" " L " " 1 "
-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15
Radius [m]

Fig. 8 Vorticity vs. radius of propeller
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Fig. 9 Thrust with the variation of propeller distances

(b) éase 5

(a) Base

Fig. 10 Slipstream in velocity contour
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