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Research on Influence of Hangar Door Opening and Closing on Landing
Flowfield for Shipborne Helicopters
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Aeronautics & Astronautics, Nanjing, 210016, China)

Abstract: An analytical method is developed for computing shipborne helicopter’s landing flowfield based
on steady Navier-Stokes equations, which can effectively be used to analyze the flowfield interac-
tionamong rotor, fuselage and shipduring landing. In the method, the second-order upwind scheme is
employed in the spatial discretization, and a pressure-velocity coupling method is selected in the solu-
tion. The adaptive trimmed grid generation method is used to generate the computational regions, and
the rotor is replaced by a momentum-source item. A boundary condition is added into the calculation of
landing flowfield to describe the irregular sea wind motion. In order to verify the developed method, an
isolated ship and an interaction between rotor and fuselage are taken as examples, and the calculated val-
ues are compared with the available experimental data. Then, the coupled interaction between rotor
downwash and the ship flowfield is deeply analyzed. Results show that the influence of hangar wake vor-
tex along deck length direction is about three times the height of hangar. Opening the hangar door is sa-
fer for the landing process of helicopter from the perspective of aerodynamics. The blade tension decrea-
ses first then increases and the body resistance decreases at first and finally becomes negative during the
helicopter landing process.

Key words: shipborne helicopter; momentum source; hangar door; flowfield

s B :2015-01-15; 41T B #3:2015-02-15
BEES GESE, B 3%, M4 Sl . E-mail : ghxu@nuaa. edu. cn,
2014



el Ei

T A5 WL ] T 00 L A8 L T LA AL S 0 0 1) 53 W 7 5 199

JOR 3 T HL T HAA SO RO S U
TP B kb 25 4 58 W B AR T AR B R R
Has K . 5B 00T & Bl 7 R TR BT BL
TE ML b5 LA, 52 2% 1 v XLz 2l L A B
J T AR G I A 2 0 L THAIL Y 22 4 o R AR AR R 1Y)
S R A R X LT HLA R, T
BILE 3L Y T 1 i %) 0 A B2 T AT — € B T4, e
IS S BT AL W A AT W — &
RE A 20 B 4 I R A W 7 ¥ VR R T N
s S AL R R

T o H A S BT AL A0 LT R 1)
WEALLT 3 R RS Ir 2 (1) 38 2k 5 A il e i & 5
(2) #E47 R e R 36 5 (3D 4 FH 1 58 3k 14 3 7 2%
(Computational fluid dynamics, CFD) % {H #
U, ST S UL AH B S I R XU X 56 T
5 CFD BUEB 7 i A 22 ARS8 2
. EAMEM A CED J5 384803 A BT AL IR
WO 07 WSS C AT TR R R . il e SR
[6]rp . Polsk #EAT 1 — Z 1 B 45 I ZCELASE UL At
FIPE A SR AR HESL IR IR I 1 AT 3 J) %4 i L
R ASALL T V=22 TRAT A% R R H T HLE Rl B R
(Landing helicopter assault, LHA) K47 H #k 19
100 s Alpman 55 AR AR A6 B9 LHA 58 2L K
Jié 3 2R B BT A/ B TP ] 1 Bl A T
F1 7P L A5 A 45 R0 AL A s A S it T
FENSH ., EEN, WA~ CFD Jr ik
XA R VR 5 e AT BE B LB 5 . 96 A A fi
AT FLUENT £ 4F R 7 2 SCp6 % (User defined
function, UDF)#: 0, %5 T LK Ffl MMK i i 4
T X IR ST 3 AR AL A 7 2(Simple frigate shape
2,SFS2) AT T HAE B WF 5T 1 A [R) 199 A% 0 ik
SRR 7B A R . 2k TR, R
SR & T RS A LA SRS, B A BLAY CED B 5T AR
EIFE T A AHEXT TR CFD Ji ik it 17 i &
B THHLAN A =2 T AR i 3 0 B R i AT AR
b,

BT I AN AL T e B Bl e YR Y 7 1 AL
BS54
feflt— 22 2% 3O DL EC B TEHL SA365N1
CUIR™D R TR G A8 HT UDF 38 i XU s 50 s
B LIRS ADL ST % 1 it X3z 3y o () I R A P 2 ) T i A
IS » AT WOR F AR 250 POAR AT R0 43 . SR
J& s BRI T vk A A A T A T BT
PLA A IR B 22 5 DF R T LR T R B EE LA
[Fi) JTE A7 3 3 R A (] g J3E 25 2 008 T T L A R IO

DIy AR B T — S0 S PRI SR SR .
| HEBBSFE

L1 HEFHE

AR S A By 5T AR AU E E L A S R Y
1 Xz Sl s m 3k 8 A B THHLAE I 80 7 1Y 1Y
Hr,
1.1.1 #=# 54

FEAK SR I CED 3145 o, % i S T
J& N-S rffEh BT ZuAR ) e 5
YE s B L F -

2 )5

p(a—“+ﬂ+a—w):o (D

dx  dy dz
i
(028 40 20 20)
O\" 9 dy 8z>7

u , u , lu
Azt T 3y2 T a2°

u( )y~ 22 g
dx

LA ST A R
p( ax Ay E)z) - o
v | Py | v ap ,
~ o 5 ~ o I— S
e e

aw dw dw
P(“ or Yoy T 92)

Fw  Fw  Iw
ax’ + ﬂyz + PP

A o W AHE s u v, whHERE; S )
BRI RAFAE T e P I R s p R
1.1.2 &Aiaga

A S AR e 7 RRASIAL T K
fifg it S RE e HLAEHER T 2 . Hoi ShBE & FIAEHLR
e IR IEA

Dk 9 [(luJF&)%}F

w(

L
) 9z+5‘

‘ODitiﬁxi o/ dx;

Gk +G/,_(@_YM (3)
De _ 9 p) de
? Dy 91;[<#+m>91‘,}+

e et

C. ka Cop A (4)

s Gy FRos R T 23 J3E 1 52 5| S 1Y i 30 i
A Gy i TR IR SR R i S A Y
T s 45 i U K 80 M ik o R BRI R e AR D R
WEHE Co=1. 44, C.. =1. 924 S BE & 5 AEHK
AR e B U B RO A o e =1 0 i R R
B pe LU TR B

= (5)



200 WO &

ISP NENEE S

AT &

s, €, =0. 09,
1.1.3 ZRBK
AR Jameson w300 $5 il 5 B iR AT
[0 QR o1y 1 O ) e 1 D = = £ s el TN 4
AL B FE LI, 2 5 BUR R 19 8 W % 7T RE PR
Ui PR S5 I ARG BRO0T . P[] 4 22 DR P
# Runge-Kutta #£z{ .,
1.1.4 %4
I 5 > i 55 I b T ) o B A OG L BR BE F DA
Iy T4
V.=V, X (ho./h1,) " +V ipe
{V_y =V, X (haoy/h1y) " + Vi,
Krps by NEEMEETE ; V) S BRHLTED Ay 5 BE AL O
B IRH 5V o, Ay FO A T 0E 35 P AR KU 1Y oy B2 4R
B, LA TE WL B 3R I AR TS TR SR P RE T 5
FAF.
1.2 JU{aE#E
A SCAE T 0 AR A AR Y 2 LPD-17 9% R A5 A 4
BREM . ETHHLE 2 52 B0 R
M o TR O B R A S i R SR Y . B
T EIHHLE WL BE 25 FAR b AL B 0 o BRI A B
THLAE T 3 52 i e R L2 HLEE . O 1 s b
THEL ] [a) (R F3 A SR P a7 f A5 Y, A5 70 0 s 26 R
AR W 2 18 mu K L 2 23 mu HLEGTTH)
EEEH, 8 m, H LS #EALE K" B T
Bl 2 AR DUVE I SO e 3 . 4R . 1Y)
PO LA R EL AL B B B L[] 1,

(6)

(a) MR AT AR Y

(b) ETFHLHLE LRy

FET fIA DA B T AILBIL B a7 Ak A2 2
Fig. 1 Simplified models of ship and helicopter fuselage
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