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Simulation of flow field and calculation of safe operating
envelope of shipborne helicopter based on chimera grid
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Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: In order to ensure the shipboard helicopter safety, based on the chimera grid
method, the flow field of CG-47 Ticonderoga class cruiser with UH-60 Black Hawk helicop-
ter was simulated. The flow field of this combination under different wind direction angles
and speed conditions was studied. Theflight dynamics model was used to calculate manipula-
ted variable and attitude angle. Finally, according to the safe landing criterion, the theoreti-
cal safe operating envelope of this combination was drawn. The results showed that the roll
angle and periodic pitch control increased with the incoming velocity, while the pitching an-
gle was affected by the incoming flow and the ship structure. The smaller wind direction an-
gle meant the greater maximum landing speed. Generally, the left side speed was larger than

the right side speed.
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cruiser with UH-60 helicopter (unit:km/h)

o P 13 Al WL [A] — MU 2H 5 A5 AN TR R T £
AR R R DX 22 ) AR A 1 R BB R TR X
i) 85 30 Ske AT 16 e R A L XU B K. )
VAWIESES =€ 5 N A S 8 O N S0
e o XU BRI S 6k B o 9 A A xR TR Y
(R RRYR B SN R T N =B 5 N e 7
X5 EIPLH R <. UH-60 HJHHL A
A7 T e 3L R AL g 1) Ao T LA 22 MR
AE 1 058

TR

A SCHE T PAS J7 1 X CG-47 3L 45
K UH-60 B IHHLX — LA 4L A 19 9 3 5 1 F0 6
712 R PR AT T A BT E R T s G 2 A
P 22 ) T B KPR B 25 R B .

1) I ik 2 0 A 25 xR 28 B T AL A7 8K
(ELASEHRL AT A Sy o A 11 220 i AU )28 9 3 A L T
HILE 32 1 4H BLAF

2) FEIR— Rl T o BB ST Al R I F R
i oA U R 38 T I e A ST A AR A A O N
IR 3 R TR 110 M DG &R LT R 22 BRI
] AR b 501 22T 52 . R g JE B AR B
B O\ S L AH 7] RUg) AT S5 R Y B A BT
K.

3) TEJF] — B B R L Bl R AR B K IR A AR
VRN o T VR R 00 % 3 KA L s 1 Sk A A XL
(4 7 1) o 3K ol B ) Al ) e AR B 0 1L Hh )
e B0 0 B sk 2\ R /N T A e ] B AR B O R
K.

) 25T CG-AT7 SR PR35 2% UH-60 B FHHL
ARSI RRL L, XU A R /)N o B K AR TR K
HERZEMR T A0, S5 KAE 3 BAE 22 XL 30°
Fffif . 258 70km/h,

S 3 Wk

[1] &RocHk. TEN. MEBETHLEN ITL2]] BETHPLER,
1994 (4) . 43-49.

ZHOU Yuanzhen, YU Zhigang. Flight safety of shipboard
helicopter[ J ]. Helicopter Technique, 1994 (4) : 43-49. (in
Chinese)

[ 2] JOHNS M K. The airwake of a DD-963 class destroyer
[J7]. Naval Engineers Journal,1989,101(3) ;36-42.

[3] CHENEY B T.ZAN S J. CFD code validation data and
flow topology for the technical co-operation program AER-
TP2 simple frigate shape[ M]. Ottawa, Canada: National
Research Council Canada, Institute for Aerospace Re-
search,1999.

[ 47 ZAN S]. Surface flow topology for a simple frigate shape
[J]. Canadian Aeronautics and Space Journal, 2001,
47(1) . 33-43.

[ 5] NACAKLIY,LANDMAN D. Helicopter downwash/{rig-
ate airwake interaction flowfield PIV surveys in a low
speed wind tunnel[ C] // Proceedings of American Helicop-
ter Society International 67th Annual Forum and Technol-
ogy Display. Virginia Beach, USA: American Helicopter
Society,2011:2988-2998.

[6] STARGEL D,LANDMAN D. A wind tunnel investigation



5 10 34

T SCH A

HE T 00 I ) UL A8 T B 3 0 1 B XUBR [ 7 5

2175

(10]

[11]

[12]

of ship airwake/rotor downwash coupling using design of
experiments methodologies[ C] // Proceedings of 50th A-
merican Institute of Aeronautics and Astronautics Aero-
space Sciences Meeting including the New Horizons Forum
and Aerospace Exposition. Nashville, USA: American In-
stitute of Aeronautics and Astronautics,2012:767.
FORREST ] S,OWEN 1. An investigation of ship airwakes
using detached-eddy simulation[ J]. Computers and Fluids,
2010,39(4) :656-673.

BROWNELL C, LUZNIK L,SNYDER M, et al. Velocity
measurements in a ship airwake with crosswind[ C] // Pro-
ceedings of 42nd American Institute of Aeronautics and
Astronautics fluid dynamics conference and exhibit. New
Orleans, USA: American Institute of Aeronautics and As-
tronautics,2012:2851.

FORREST J S,HODGE S J,OWEN I, et al. Towards fully
simulated ship-helicopter operating limits: the importance
of ship airwake fidelity [ C] // Proceedings of American
Helicopter Society 64th Annual Forum. Montreal,Canada:
American Helicopter Society,2008:339-351.

KAARIA C H,FORREST ] S,OWEN I, et al. Simulated
aerodynamic loading of an SH-60B helicopter in a ship’s
airwake[ C] // Proceedings of 35th European Rotorcraft
Forum. Hamburg, Germany: German Society for Aeronau-
tics and Astronautics,2009:1001-1013.

ROPER D, OWEN I, PADFIELD G D, et al. Integrating
CFD and piloted simulation to quantify ship-helicopter op-
erating limits[ J]. Aeronautical Journal,2006,110(1109) :
419-428.

TATTERSALL P,ALBONE C M,SOLIMAN M M, et al.
Prediction of ship air wakes over flight decks using CFD
[C]// Proceedings of North Atlantic Treaty Organization
Research and” Technology. Organization Applied Vehicle
“Fluid Dynamics Problems of
Am-

Technology Symposium on

Vehicles Operating near or in the Air-Sea Interface”.

[13]

[14]

[15]

[16]

[17]

(18]

[19]

sterdam, Netherlands: North Atlantic Treaty Organization
Research and Technology Organization,1998.5. 1-5. 11.
CROZON C,STEIJL R,BARAKOS G N. Numerical study
of helicopter rotors in a ship airwake[]J]. Journal of Air-
craft,2014,51(6):1813-1832.

e . PIV W S s K R w3 LT, 52
2007,21(1).:31-35.

B U A ) 2

ZHAO Weiyi. PIV measurements of the warship air-wake
[J1. Journal of Experiments in Fluid Mechanics, 2007,
21(1) :31-35. (in Chinese)

RXAE S E S B R SR X B BLAE AR 0 R e
FELT] W3 F =S TR B2 4, 2007, 22(4) : 435-438.
ZHAO Weiyi, WANG Zhanyong, Research on the effect of
warship air-wake on helicopter landing on shipboard[]].
Journal of Naval Aeronautical Engineering Institute, 2007,
22(4) :435-438.«(in Chinese)

R 2296 05 » 1 W AN TR 00 A X0 A T 2 S 3 1
S Y], AR 2 4R, 2009.31(9) - 38-42.

LU Chao, JIANG Zhifang, WANG Tao. Influences of dif-
ferent airflow situations for ship airwake[ ]J]. Ship Science
and Technology,20094,31(9) :38-42. (in Chinese)

SR BIEE. E 45 0SA 15 MILES #0878 SFS2 BLAY
25 S AN T L) . AR R, 2017,39(9) - 83-87.
ZONG Kun,ZHAO Pengcheng, WANG Jinling, et al. Sim-
ulation application of S-A and MILES model in SFS2 ship
airwake[ ] |.'Ship Engineering,2017,39(9) :83-87. (in Chi-
nese)

YAKHOT V,ORSZAG S A. Renormalization group anal-
ysis of turbulence; I basic theory[ J]. Journal of scientific
computing,1986.1(1):3-51.

ROPER D M.OWEN I,PADFIELD G D. CFD investiga-
tion of the helicopter-ship dynamic interface[ C] // Proceed-
ings of American Helicopter Society 61st Annual Forum.
Grapevine, USA ; American Helicopter Society,2005:1985-
2002.

CT W





