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ABSTRACT

Sound levels from the propeller of a tactical unmanned aerial vehicle (UAV) were computed using

an acoustic analogy. The potential based panel method was used to obtain the pressure distribution
on the blade surface. The blade geometry, pressure distribution on the blade surface, and operating

conditions were used as input data for the thickness and loading noise analyses. A change of blade

shape was adopted to investigate noise signals from the UAV propeller. Noise prediction for three
rotating blade speeds (tip mach numbers of 0.4, 0.8, and 0.95) from the UH-1H rotor with and
without the swept tip was also carried out, respectively. It was determined that meaningful noise lev-
el reduction cannot be expected except in the case of Mach number of 0.95. Sound levels generated

from three different shapes,

straight, forward-curved, and backward-curved blade shapes, were com-

pared with each other with various tip Mach numbers.
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(b) 29” wooden propeller (Sensenich) for RQ7B
Fig.1 RQ7B UAV and its 29 inch propeller

Table 1 Specification of a tactical UAV 100 100
B c (JavaProp v1.69)
P Val B (JavaProp v1.69) |
arameters alues N ) ¢ (present) ]
80 I o ® o . Y B (present) 1 80
Gross weight (kg) 170 e
Cruise speed (m/s) 51.4 T 60 760
Operating altitude (m) (ft) 2400 (8000) % | | =
40 -40
Required power (kW) 18.9 1
Propeller diameter (m) 0.743 (29 in) 20k 20
Blade twist angle @ 0.75R (°) 21 I ]
Propeller efficiency @ J = 0.8 (%) 83.4 O o5 ——1°
IR
Propeller speed (r/min) 5500, 7000 ! ) . )
Fig.2 Blade shape along the radial position includ-
Number of blades 2 ing designed propeller shape
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Table 2 Dimensions of UH-1H rotor

Parameters UH-1H
Number of blades 2
Twist (°) 10.9, linear
Tip sweep (°) 0.0
Diameter (m) 14.63
Chord (m) 0.53
Hub radius (m) 0.826
RPM (1/min) 324
Airfoil NACA0012
Tip mach number (¢, = 340 m/s) 0.73
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Fig.3 Prescribed wake geometry for UH-1H rotor
with 30° swept tip (tip mach number = 0.8)

o vhal Ga) 2 g olwl 9 T A
oFa7] 1% FALEE) APAE Aol

HlwE sl A % skeds
-

>,
o
£
dlo
2
1o
X
[\
o
N
r

rE
o

wako 2 15D A Ao|th. Fig. 4(a)Sh 4(b)ollA]

o

o
M=0.49} 0.891 75- 1/1 ol 3t Eeo]
o] SE 7} f57F Agalse] Aol 7]ofshs A4
mjrait),. of 714 HofF= AR 949 Fig. 4(a)
9 Edlo| =7t $Hd3] 1314 § 713E 3t Beo]
2700l A U S9kal o] AR Fig. 4(b)%} Fig. 4(c)
o= shfol] tigh A AEvHs HojErh A
Az= 2E7b 1848k wddds edd 93 A
7} 23] #EEC) Fig 4(c)$} Fig. 5004 YeRd A
& M=0.959 A= 1/1 H=91/7 A= 2% 2dB
AR g A a¥E HolFa gtk AEAC
Edlo|= §ollA] $E7bol| ok &g 7S Bofui7]
SEiA= Balol= | ukslrrt whak 10 7k 1
£:3)491 7ot 7Fs3le}

1/7 #Hxol ZEY figt Sdol= §¥ Fu
(blade passing frequency, BPF)= 1/1 2] ZE 9
7 wholth. = ¥ wakrrt 0.9591 A9 1/1 HE 2E
o} 1/7 4% Z¥ 9 BPF+= 717} 14.1 HzS} 98.6 Hz
ojt}. mebA] Table 37 o] A-7}s2 AFulol|A|
A7 g3 A22 1/7 269 dBA #ol 1/1 £
o] dBA #ET ¢ IA S & F Ak

o rir ol my

[ T B [ B < (- =

3.2 dsg RV Z2HE o o WSt

Table 1°] jFat= Hadg 71718 el
A X (straight blade), 71 &F(forward-curved blade),
H(backward-curved blade) &, 3714 Edlo|= &4

of oA fE R SF AN FRsd A%
9 59 Belol=e Frelz Fae oolEdel 4
ol e EWEEo & 33 %9 9X|7F o A H
of L=E A}
Table 3 Simulated noise levels of UH-1H rotor
No swept tip (dB) (dBA)| Swept tip (dB) (dBA)
M,
i 1/1 scale 1/7 scale 1/1 scale 1/7 scale
0.4 50.4 76.4 50.5 76.2
: (13.6) (50.0) (13.9) (49.9)
08 110.2 110.5 110.0 110.1
: (90.5) (107.1) (89.5) (106.5)
0.95 133.5 133.6 131.8 131.8
: (127.1) (134.3) (124.6) (132.5)
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Fig. 4 Noise signal from UH-1H 1:1 scale rotor
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(c) Backward-curved blade
Fig. 7 Various blade shapes of a UAV

Table 4 Simulated noise levels (dBA) of UAV pro-
pellers for 5500 r/min

7] Shapes Thickness Loading Total
Straight 92 101 102
0 Forward 92 101 103
Backward 92 101 103
Straight 81 99 99
45 Forward 81 98 98
Backward 81 98 98

Table 5 Simulated noise levels (dBA) of UAV pro-
pellers for 7000 r/min

7] Shapes Thickness Loading Total
Straight 109 122 123

0 Forward 109 122 123
Backward 109 123 123
Straight 94 117 117

45 Forward 94 117 117
Backward 93 118 118

FALE, dsad, rs o 77 Ayl
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