$2BL755%| 595

J. Korean Soc. Aeronaut. Space Sci. 53(6), 595-610(2025)
DOI:https://doi.org/10.5139/JKSAS.2025.53.6.595
ISSN 1225-1348(print), 2287-6871(online)

Hgste A71A AFES 39 9 &9 UAE 4

Az
e, e AR Feal ok’

O'r‘

Inter-Rotor Spacing Effects on the Aerodynamics and Acoustics of Coaxial Rotor

Helicopter in Full Configuration under Forward Flight
Sung U Kang!, Kyu Tae Park? Sang Min Son® Rho Shin Myong® and Hakjin Lee®

School of Mechanical and Aerospace Engineering, Gyeongsang National University, Jinju, Republic of Korea!'™

ABSTRACT

High-speed and long-range compound helicopter utilizes a coaxial rotor as the main rotor system,
eliminating the torque and the requirement for a tail rotor. The coaxial rotor system induces significant
aerodynamic interaction phenomena that could affect the aerodynamic performance and the noise levels
of helicopter. A distance between the upper and lower rotors, which is called inter-rotor spacing(IRS),
is a crucial parameter that determines the interactional aerodynamics and acoustics. Moreover, the flight
speed directly affect the evolution of the wake structure and rotor-wake interference. This study
investigated the IRS effects on the aerodynamics and acoustics of the coaxial rotor in low and high
speed forward flight conditions wusing the Spalart—Allmaras improved delayed detached eddy
simulation (SA-IDDES) and Ffowcs Williams—Hawkings(FW-H) acoustic analogy based on impermeable
surface method. In this study, X2TD in full configuration without the pusher propeller is used with IRS
values for 1.5 and 2 times the original value. The sectional normal forces on the azimuth angle of the
X2TD rotor at various advance ratios were compared with the other computational results for solver
validation. As IRS increased, the additional thrust generated in low-speed flight condition was significant
than that in high-speed flight condition. In both conditions, noise levels decreased.
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Table 2. Specification of X2TD[21]

Table 1. Trim angles of main rotor blade
Properties Specification
Adr\;?ir;ce Angle Upper rotor | Lower rotor
Gross Weight 2,700 kg
P . .
0 945 939 Radius 4,023 m
b\ 3.29° 3.29°
1£=015 Number of Rotors 2
by -3.65 3.16 Blades per Rotor 4
a -0.44° -0.44° Total Solidity 0.14
by 5.95° 6.08" Blade Aspect Ratio 192
0, 0.28° 0.28° Rotor Vertical Separation 0.443 m
#=0.41
0, -5.90° 593° Fuselage Length 9.1m
a 210° 210° Inter-rotor spacing (H/D) 0.055, 0.083, 0.110
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Table 3. Simulation conditions
Properties Specification
e Temperature 280.21 K
Pressure 87,494 Pa
Sound speed 335.54 m/s
Reynolds number 2.5x 108
Pressure Outlet Advance ratio 0.15, 0.41
Fig. 3. Computational domain for simulating X2TD Flight altitude 4,000 ft
helicopter in forward flight condition Rotation speed 446 RPM
Tip Mach number 0.556
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Table 4. Comparison of averaged thrust coefficient
depending on the IRS in low-speed flight condition

IRS
G
0.055 0.083 0.110
Upper rotor 0.00728 0.00752 0.00763
Lower rotor 0.00729 0.00735 0.00750
Total rotors 0.01457 0.01487 0.01513




H 533 H 65, 2025. 6. SEWA 2¥ 7He] Aol AR HstE A7IA!- 603

o=z

Table 5. Comparison of peak-to-peak thrust coefficient ARZE| A A= S2olo] 7t oz Qlslo] HEY
depending on the IRS in low-speed flight condition 7 0PollA] BRAHAQ 22 wshl st ole

o
g A2 IRS7F A-SE AJSHREE 1o 7Hdo] &0

i © SHiA Zhaskle
0055 0083 0110 Figure 1191A& RS el me JstRze] 377}
Upper rotor | 00015 0.0010 0.0007 = 29 9EF ddo] ux= QS RMsly] 95
Lower rotor | 0.0018 0.0015 00013 ot=gg Hastgh 71€ RS 271%1 Fig 11(a)ollA]
FRZEZRE B TR sHRRE o] 7Hdo] 7t
£ YEUITE B dFolME gotRaE Zzto] 87 A STt =3 F REOA HAE 3F7 &
HE Yol FYst=SE FHUEE X4} Ao]EE 3 AHR|a o] £F JIRE FF(Downstream) HIFOR 0]
Azl tigt 2 ELS AHEodch olo] wal 712 matHA Zete] 7S §Wetn §5F Yo otxE
IRS 221Q1 IRS = 0.055%¢ W F ZEOIM Fsh= Z7pa T B3] A% AR Y 2olmz Ex| 9o
BEFEe Arle fAHA M= RSP ZIEE 7ho] ReAA #EESIT RS7E ARE Fig 11(0b)
oF LoHH, 2ui2 StEeR FIHTREOIN WA= o pig 11(0)9 FEAS HYS w), ARZEC T2}

—

T2 IUPeIT AREEHE VIEEY F 34%% simag 7o) 7hdo] wAlsl: WAo] FtaAst, T o=
5%% AA F7¥she W, SFRREl= oF 0.8%% 29% oM MAE T2r} AR I3 B4 BH L=
2 AUHor Zrlsts Zo] At AREEV} SRR Aol stwst Ztastent

HZRE HojdpE SHRZHAA JRZE &0l 3§t

ol Z5)s) B Easre wo] s 233 Mg FT HIY ZA0MH RS 23 FBY
Figure 1004% IRS #3to] ute Aoty zel ool go= A% AW WY 2oIH RS Wbt 5

co| 47 Wit Uadz Uit HaRRe  FWd BeFEe 4g0) nAE FFYLS AW 9

2% Nzel e Beol=g AUt 45T Mo o) Big SolH HOlY ulola2E SAXolN A8 A

Usto] Sl Wabh WS PREE 3
SR2EH gRRE Buols ol X9 852
st go qIsto] ol WS sz

< & vHasith Fig 12 IRS ®Wsto] kel Overall Sound
¥+  Pressure Level(OASPL) &858 717 Wizt n=7t
2 wSlolM mmstgl, Table 6 54 W9t 2 n=7)

CnM?2/ dy

-0.012 -0.007 -0.002 0.003 0.008

180°

o 9

(a) IRS = 0.055 (Upper rotor) (b) IRS = 0.083 (Upper rotor) (c) 1IRS=0.110 (Upper rotor)

180° 180° 180°

o o o

(d) IRS = 0.055 (Lower rotor) (e) IRS = 0.083 (Lower rotor) (f) IRS = 0.110 (Lower rotor)

Fig. 10. Polar contours of BVI of the coaxial rotor blade on IRS in low-speed flight condition



604 RS - - &

(a) IRS = 0.055

(b) IRS = 0.083

(c) IRS = 0.110

Fig. 11. Comparison of vorticity contours around X2TD helicopter on IRS in low-speed flight condition
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(a) IRS = 0.055 (b) IRS = 0.083 (c) IRS = 0.110

Fig. 16. Comparison of vorticity contours around X2TD helicopter on IRS in high-speed flight condition
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Table 9. Overall sound pressure level (OASPL) on IRS at
specific location in high-speed flight condition
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Fig. 18. Comparison of BPF harmonic spectra depending
on IRS in high-speed flight condition
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