F10% H 1M
2019 4F 2 A

Wiz TR HEJR
ADVANCES IN AERONAUTICAL SCIENCE AND ENGINEERING

Vol. 10 No. 1
Feb. 2019

XERS:1674-8190(2019)01-087-07

K B T TG WL 77 (60 A B T R B 5

Chii SIS BE A BR A 7 B AHE , Bkt

OE . OREEPIRCHLR T T T B R R S .
T 00 P 2 K Bl R B A e R L S R TR AR O

Ao 17 L 3 IR — D ) o A o ol 3 JRUTE L BEL S I
BTSRRI . SRER R R
mAEERARE T iR 1S A .

519040)

B A N P VG N NI 8
A1 B, B 2 R 4 R TS 1) AR 2 f) A 4 G
B I 9 T R A S A S R AT Sk A< I DA i 4
WA R TR = 2 )5 S S ST P AR AL R O

SRR ¢ BN AT P 5 I A 5 22 RE TR 5 LA WO AR R AL

mESES: V211.4 XHEkARIRED: A

DOI: 10. 16615/j. cnki. 1674-8190. 2019. 01. 011

Study on the Boundary Layer Control of Rudder of Amphibious Aircraft
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Abstract: After the amphibious aircraft reduces the take-off and landing speed by increasing the lift, it is neces-

sary to improve the rudder’s handling ability. Using the CFD numerical simulation method, a two-dimensional

scheme for the boundary layer control of the tail of a large amphibious aircraft is studied, a seam baffle between

the vertical stabilizer and the rudder is designed, so as to prevent the high-pressure air flow on the windward

side from hitting the leeward surface, obstructing the air-blowing adhesion. The combined blowing scheme of

the leading and trailing edge of the vertical stabilizer surface is studied to prevent the rudder from stall earlier.

The results show that the steering ability of rudder is increased by about one times after the vertical tail bounda-

ry layer is controlled by a blowing and combined with a seam baffle and a combination of leading and trailing

edge blowing.
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Fig.1 Model of blowing at the back edge of the stabilizer

1.2 HEAEREZH

WCABE I AR R A H A S5 4
WX S Pe 09BN 45 22 . 76 B 1 J2 45 1 56 B
B AR Rp (CRUE S/ PR BE D & — >
Po R S SR R TR B i AR, 2 A
JEAR R F R . REEA N BRI A A

Pc=R,P,—P, 1
KPP, AR

MDA LUE AR 4 8 KRB TEOLT .
WO S ARG B 5 ARS8 R L A G

PR e B T2 2 o A R 5 B R IR Bl i R
C, Fm

C,=MV,/¢S (2)
KM ARV, R e R AR S R ik
BRI R 5 g S H Ol SRS B S ik
AR B 3 T AR
WA T I AR Ak A A =

o i ) )
E—1 °RT,|\Rp Ry

]

_ | 2k (LY
v, = k_lRTo[l (RJ } )

A A HRAEEI A (m®) sk BRI, 2
A 1.4 R AR B, 20 287 1/ (kgKD 5 T,
AR (KD 5 Py A WCURE (Pa)

BB BT IR RS % BRI 8 E RS &AL,
A 108 Pressure Inlet i AR &4 (H TWRE
BE UL S RGN T RS I DX, SR A 3
FEEAT) R 45 8 100 R He ke AR 480 5 3 A

M=A,

3




514

PN TV 25 K i PR AT RL T 1 4 B TR = 42 o 0F 50 89

AT AS AR LAl 0 o 5k T EL AT A T B
S EEBBE A B ER LN,

B T8 J2 P ol B AL S O RS s i R AL T
WA AE R SE— & RS sh it R 2 RS
J LK 3 R R MR, TG R BCAR FE L B R 3
JEX AT DA AR WS 3N i R A, AR SCTE SR B e
JATHAR R EE R 7 i B A RS Bl e R B R S IR
i R AR R 1 s (BERLE R B8
W@ H=0 km; B T=283.15 K),

F£1 HEEMGw=40 m/s)

Table 1  Calculation conditions(v=40 m/s)

JEth WASGEE/(m - s DREE kg KRR
1.126 139 0.353 0.010
1.252 190 0.496 0.020
1.393 229 0.617 0.030
1.545 266 0.709 0.040
1.709 287 0. 820 0. 050
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Fig. 2 Pressure contours and streamline at C, =0. 04
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Fig. 3 Pressure contours and streamline at C,=0. 05
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Fig.4 The result of no baffle in the seam at C,=0.02
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Fig. 6 Pressure contours and streamline of

baffle in the seam at C,=0.01
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Fig. 7 Pressure contours and streamline of

baffle in the seam at C,=0.02
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Fig. 8 The Influence of blowing momentum coefficient on

lift of baffle and no baffle in the seam

g5 bk LR R SR TE P AR DL L BN IR R B
B R BB R PR A AR A RO, R T R R
B,

2.2 HEMREWR

RWT T E S AW A 0TI A COF T = 4k 4y
76?790 WA T AR H 2 KHLFE KT R,
o H SR & s AL R 2 & 7 AR R R I A, A
A T EE A 5T 3 R AN [) 0 3 A Bsh ) A<l T R
J7 e 45° WA Bl & R sy il 0. 02 0. 03 B
AR A W EAEWME 9 iR, i IEH: H
T e O BE KL R % B T R W RV A L R R
AN X T 05 ) fe e 1. AT RE 23 3 AL BT
HERTIDA

-3.9
3.8
-3.7
-3.6
-3.5
34
-3.3
-3.2

-3.1
3.0 1 1 1 1 1 ]

=0.02
.=0.03

/(")
9 MET fi BE 457 [R] W< B a A Bt 9 T g i 26

Fig. 9 Lift curves for different blowing momentum

coefficients at rudder in 45°
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Fig. 11 Adverse pressure gradient in leeward side
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Table 2 Calculation conditions for combined blowing

(v=40 m/s)
F 71 /Pa
HIRR JE R
1 9 000 25 500
2 12 800 25 500
3 25 500 25 500
4 25 500 12 800
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Fig. 13 Pressure contours and streamline of combine jet
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Fig. 14 The contrast of combine jet
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CF
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0.025 - - —3.28
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4.0

351

3.0

25t /././"‘""

U 20 w—-*'*"*
-L5 15°
——25°
-1.0 pX & 35°
05 45°
1 1 1  § 1 1 ]
0 0.01 0.02 0.0 0.04 0.05 0.06
Cu
15 AN [ S T i 2 1 35 45 21

Fig. 15 The contrast of different angles of rudder
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