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Design and test of a jet flap for a large amphibian

SUN Wei-ping, YANG Kang-zhi, QIN He-jun
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China Aviation Industry General Aircraft Research Institute Corporation Limited,

Aviation Industry Corporation of China, Zhuhai Guangdong 519040, China)

Abstract: According to the requirements of a large amphibian’s operating features and
performance based on the original wing. a high-lift device design technology of boundary
layer control jet flap was studied. The scheme of boundary layer control jet flap was de-
signed. By using computational fluid dynamics numerical simulation as a means to assess the
preliminary design, the design scheme’s aerodynamic characteristics and flow field structure
were analysed and evaluated, and finally wind tunnel tests were conducted to verify the lift
effect of the scheme. The result of the design scheme showed that in a wide range of blowing
momentum coefficient, the maximum lift coefficient had varying degrees of growth; when
the blowing momentum coefficient was 0. 2, the incremental maximum lift coefficient was
1. 03 according to the influence of the prototype slipstream projections, when the boundary
layer control jet flap was employed, the take off and landing speed could drop about 30%, a-
chieving the design target.
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Fig. 1 Jet flap configuration of a large amphibian

(a) FEALPLEL

2 HEWHEERSSMN

2.1 HETEAEERSBETHNHERIE
TR B AIE CED 55480 e S 488 35 37 3 1)
25 R R) 25 25 58K ] RS, 8l it 3 B0 38 T
5 AR T AT T 45 LB (TG PR O < #E 3R
FIEE 5. ML A3 R NASA-LANGLEY LS
(1)-0417MOD, #£3 T fis 45° B E 40 [&] 2 fFR.

(a) AW TREBAG A LLBCHLIR

K2 45 H BRI A
Fig. 2 Straight jet flap model

(b) BEAEARHs

T 5K M B4 1 75 2 8 7 v F- 9 N-S(Navi-
er-Stokes) J5 F&. LI W 3t 9 I8 37 140 S5 E S X FR
THT LA 0LTC R i K L3R X F R IR B AL
K SIMPLEC ( semi-implicit method for pres-
sure linked equations) , Jii {& A i N A o] JE S 4K,
TR LA AR ] transition SST (shear stress trans-
port) FEAL Xif T WA AL ] 28 TR G 5 i Ak
I BT Ry 58 A AR 4% 1Rk He gk il R
A g E R B T R AU WA 5 5 1 O AR
A5 T B B0 B2 5 R WO PR B — 8. IrA L
DL R AR & 7 kT 5

B Y E TOUGE— N R i 8 O 144 km/h, 0
il «=10", 318 T C, =0.060,0.073,0. 086 CH i
R 4% B T 43 ) i 141, 86,151, 99,162, 12 kPa)
AW 4 ADRE SRR LR EIR:
WU HLEL 19 T ) R GO R B L B R
Co R THBLEL K 88K, [6) i 0 J5 B 5 R4 )
TR A C Wl GE SCIRK T3 0.

®1 ZEERRSHBRITHESER
Table 1 Calculated results for straight jet flap

C G Ca Cu K

7

2.735 0.1858 —0.302 14. 72

0. 060 3. 825 0.1198 —0.474 31.92
0.073 4. 807 0.0832 —0.651 57.79
0. 086 5. 076 0.0859 —0.707 59. 07
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Fig. 4 Lift coefficient curves by CFD calculations
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Fig. 7 Installation of the test model in wind tunnel

3.0

P2

AL

/

@] 2.07/

A
Se—

=]

A

- C=0.02

- '=0.06—
~—C'=0.10
=014

B  ~-C=018
=022
4 0 4 12 16
a/(°)
(a) i RHYHY, BERN A 37.5°~50°

NCOUIRY

AN GEAANNY

-]

& J| Ll

15[ - C=0 —C=0.10
- =002 — C=0.14
~ C =006 — C,=0.18

— C=022

10 | ] ] £

—4 0 4 8 12

al(®)
(b) PR, HESE0 115 N 45°~60°

[ 8 T Z B h £

Fig. 8 Lift coefficient curves of test

S FRAT X EB 4 TH 7 d AR KL (R R #)
IR DG - kS5 o R 3 it R RO 1 3
FERCET . W B @S5 TR R0 )E
B e TRCRIR K T3 XF R 4 iy CFD
TR RN 8 KRR 55 45 R ok & L 150 4015 1Y
T h ZE e S CFD a5 i i, &
A5 BE A — o PR A B A BB .

4 #&

A SCLAR i CALI T ) R BRI B AR
BT S PR R L P R RO 1 3 3 B i 2 4
WO 3R Iy %2 L W CED ARG 28 36 25 T B v
HEAT A TH 0 50 B VAL - AR AT T R [ k< 8l i R 4K
B30 e 1 1 8 Ak B R I 5 25 4 e o 4
e

D R AT B A RE S DL S WA L
B LRSS SRR ) AN IR B i
RECRGF TR T RBOE &, LT I ik
i+ H 5.

2) MR B0 25 ok F iz i 7 AR5
(1 C, 5 B B K T 1 22 B0 A R T R B 11 38
W78 C, 2920 0.2 Ze A7 i, R A5 e K T ) R 8k
W R 2R 1. 05 i BE R AL %) Y O R R AR 4
SR FH WA L 11 3 2 B i 23 4 o O 0 L R R
JERE T REZ 30% . 3K 3] T Wi HE br s H &K
TR S .

3) M AE CFD 35 45 5 F0 XU 22 2k i 3% WL
I, AR TR R Bl R ECT S RS SRS N7 A ML 3% i 2
o3 B A B VAT L o B T AMEE B TR, dn 2R
A EOR L — 2 BT I AT R AR S B B
T 2 S8 3 (i L AMEE R R [ B IR Bl i R
B0 ke 3 il SN EE S BEALIL 1 4 88 L S BB 1Y
WA THRCR DT HE— 25 82 5 CHLI T R Ak

S %30k

[ 1] Holzhauser C A, Innis R C, Vomaske R F. A flight and
simulator study of the handling qualities of a deflected slip-
stream STOL seaplane having four propellers and bounda-
ry-layer control[R]. NASA TN D-2966,1965.

[ 2] Baysal O. Aerodynamic shape optimization; methods and
applications[ R]. San Francisco: World Aviation Congress
and Exposition,1999.

[ 3] Sobieczky H. Parametric airfoils and wings[J]. Note on
Numerical Fluid Mechanics,1998,68(1).71-88.

[ 47 Anderson S B. An examination of handling qualities crite-
ria for V/STOL aircraftf{R]. NASA TN D-331,1960.

[ 5] Kuhn R E. Semi-empirical procedure for estimating lift and



4

P45 - R R K Bl PR LIRS 5 20 AT 9k 909

[10]

[11]

[12]

drag characteristics of propeller-wing-fiap configurations
for vertical-and-short-take-off-and landing airplanes[ R].
NASA Memo 1-16-591.,1959.

s ol #B 605 Jir. H A S BE R 74 7K b TCATL B 1 2 45
il R MBI ] K B RALBF R SE . 1975, 8(2) : 12-16.
Petrov A V. Aerodynamics of aircraft with wing-powered
lift systems[ R]. ATAA 93-4836,1993.
CRHLEIT T BGZ 4. WL T 46 6 M ik
FFIML dbse  fiias Tolk i Bt . 2002,

Watson E C,Dods J B. The effects of blowing over various
trailing-edge flaps on an NACA 0006 airfoil cestion, com-
parisons with various types of flaps on other airfoil sec-
tions,and an analysis of flow and power relationships for
blowing systems[ R]. NASA TN D-8293,1976.

Lawford J A. Low-speed wind-tunnel tests on an unswept
wing-fuselage model of aspect ratio 9.8, with tangential
blowing over trailing-edge flaps and ailerons,including the
effect of slipstream[R]. NASA TN D-1108,1970.

Rolls L. S,Innis R C. A flight evaluation of a wingshroud-
blowing boundary layer control system applied to the flaps
of an F9F-4 airplane[R]. NACA RMA 55K01,1956.
Falarski M D,Koenig D G. Aerodynamic characteristics of

[13]

[14]

[15]

[16]

[17]

a large-scale model with a sweep wing and augmented jet
flap[R]. NASA TM X-62029,1971.

Jones G S, Viken S A. An active flow circulation controlled
flap concept for general aviation aircraft applications| R].
ATAA-2003-3157,2003.

T SRR WG . 2 R SR ) A B AR L ] AR
J8 550 % ,2010,28(2) : 13-16.

PR X B s Y. BRSO A R TR —4E 2 B
FLAY p R A BB . eLBE . 2010,30(4) 1 10-15.
TONG Zengjun, LIU Peiging, DUAN Huishen. Numerical
simulation of the flap blowing and suction control for two
dimension multi-element airfoil[J ]. Aircraft Design, 2010,
30(4):10-15. (in Chinese)

Gentry G L, Jr, Takalla M A, Applin Z T. Aerodynamic
characteristics of a propeller-powered high-lift semispan
wing[ R]. NASA TM 4541,1994,

Koenig P G, Aoyogi K. Large scale wind tunnel tests of an
airplane model with a 45° swept-back wing of aspect ratio
2.8 with area suction applied to trailing edge flaps and
with several wing leading edge modifications[ R]. NACA
RM A56H08,1956.

(R#. TR A





