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Study on improvement of low speed pitching moment

characteristics of civil aircraft

ZHONG Yuan, YANG Xiaoquan, LIU Kaili, WU Dawei, SI Jiangtao”
(Commercial Aircraft Corporation of China Ltd s Shanghai Aircraft Design and Research Institute , Shanghai 201210, China)

Abstract: For the situation that the pitching moment of a civil fuselage-mounted aircraft
shows to pitch up, the paper studied a new type of improvement measures—to truncate the inner
slat. The numerical simulation method was used to study the aerodynamic characteristics of the
basic landing configuration and the improvement configuration. The flow characteristics of the
two configurations under the high angle of attack are given, and the flow mechanism of the
improvement measures is analyzed. The influence of the improvement measures on the intake of
the engine is also evaluated. The results show that: the low-speed pitching moment shape
depends on the separation position of the wing; separation from the inside wing makes the aircraft
“rise”; separation from the outer wing makes the aircraft “head”, and separation from the inside
wing makes the aircraft “bow”; the pitching moment provided by the horizontal tail determines
the total pitching moment; the main reason for the aircraft “bow” is that the separation from the
inside wing reduces the downwash of the horizontal tail from the wing; the improvement
measures do not affect the engine intake of the fuselage-mounted aircraft when the angle of attack
is not greater than the stall angle of attack.

Keywords: pitching moment; low speed; civil aircraft; numerical simulation; mechanism

I FRAT BT I AR 3 A ES ) o ARFA g 8 A 1 1

0 51 &

T RS2 VF ) BT PR 3l A 45 1 2 )

RO RHUIRE 3 e it e 500 2 Z ek iz —,
PLPERE A5 5K L X AR e KT RBOR AT RE R, B TRALE A A 5 20K LB RAL U O ok

Wi BH
EeWH

EEE -
BEEE:
5 AERK:

:2017-06-08; fEITHH#3:2017-07-04

[ 5 R SRR RO R ST A (1234 AB5678) 5 LTI 7 4F AL 9 A A WL R (15 YF1415000)

BhEE (1986-) 5, WAL AT B A, B S TRE R B 5T 7 1) . KL A R, K i 3T, E-mail: zhongyuan@ comac.cc

A VLV (1969-) B, B P e BH N, A4, BF 98 53, BF 5 O 1)« RAILS Zﬁﬂ‘ﬁﬁ, KB, E-mail: sijiangtao@ comac. cc

BrbE, B/ XUBLAL, AL RFRMLARGH RN 7 4 R PEIGE BT 9E LT . 28R 3h 12284, 2019, 37(4): 569-577.

doi: 10.7638/kqdlxxb-2017.0097 ZHONG Y, YANG X Q, LIU K L, et al. Study on improvement of low speed pitching moment
characteristics of civil aircraft[J]. Acta Aerodynamica Sinica, 2019, 37(4): 569-577.



570 = Ko h F o R %375
R I I 8 A HL Sk FAE RS KA B
S , 1 HBER

PR RALAE AR R i e CRIIG 3 R 285 #4548 FH 340 £ B
il 2% o (R B UE L AE 3 2 300 A8 47 T e e, LA A
{5 LA A3l 1 2R SRR PR TRBL b 20 L A R 1 AR
R . T SRR AU SR AD g o R T R 22 L AR
MAREREDAZIESRH Mg, hT%4e
P A T B2 32 10 QAT i S5 ) R, 0 A5 HL A
FAART D) Rl 14 26 AR R R A5 X e K Rl R A 3 A
HEAT PR 5 o 75 52 B Al 1) di 3 AR BN T 2 T
o SEBR AT A B R A I DN A T RS A I 1
KAl T R B SR MR AR LM R JC LR R B
Mg, R TR T AR EE. B T2t
1) 2% T, 50 WA 251 AR AL 300 1 PR 71 2R 48 119 2 R0ARE %, il
CRTIRET R, KRR M AL T AR
i HE B AT R G i % e A Tl A A R AT T BRI L
THEAEH 30 AR BRI T 2°, (45 Jme KRl Al O R A
KA AR . e K AT T 7 2 800 K R AR A 3
Y2 ki TS A S AR AN A5 AN A B B TR
ki 7 A B 22 398 00 5 33 7™ B2 R T RO P BB L
SRR TERE . AE AL I 20 e R (% A R B
A7 R 1 ) R R P, R A s R LR AILTE R AL 1Y
i .

WA RENHRFROKZ, HAM
Hiroyuki Kato 582# & " 5% T & 5 5 0 b %t el 3
ST 43 1 DT % R 2 3y K A5 KT R A
LT 005 s QR e S WL [ o e U S Rl
117 RAZHALUE MR 0 5 3k e, x gt
RS T AE SR IE S ML D e O B AR B VR T R
Ak B AR T TR RAL IR A g A R A Y B
G2 o AL T ORFAD o 0 A P A 5 it P A S I ST D

1% G2 1) 005 % SRR 1 O T TR R A A LR TR
S A AR AR B it T DL RS K IR K T 1 &R BUR
R 8 70 8 AR IR AR RN I B S . %
TEH R H i S 1R % WL A350XWB Ffi ] 1 P 4% 32
TR T ) 5 AR fe g e AV B A g i AR . AR SC R
B R B 3 A R AL R BIF 5 % G2 o L 25 o A 28
JH PR A0 2 A B R ) il A L AT BB F 5T 43 AT
PN 0 e L e AR e AR AT T R AR A B L
B bR i 20 RALR LR & sh L i B A
A B SR WL PN Y B AT RE 23 % & Sh BLaE A

SZE DR M AR SO S P ) 4 B A S AR R 2 shpL ik
ST TR . A OIS D R AT
B CHL A IR S b 55 AR BRI B AR Sl

AR SCUIHE R R i 2 Ja RHL O Bl BT T Bl
S ARFAD 77 R0 R A 9 15 i —— P I 4 3 AR BOR .
BT s ZE 18 G D 25 B i 3XA Jmy RBL I 2 AL 35 il
R A T HLE HLIE R AR R BN
JAR EEZR AT 2 s A7 1B (b) R TE IR Ca) 1 BE Ailh | 2l
AR PRI S B YR R L AR VB9 32 3R E O s R B A B

1z,

(a) EHUE R

(b) P 4% 3
B1 £HEHEAENAINEREERER

Fig.1 Schematic diagram of landing and

shorter slat configuration
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Fig.2 Computational grids on landing configuration surface
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Fig.3 Boundary conditions
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Fig.4 Comparison of numerical and experimental lift
coefficients and pitching moment lift coefficients
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Fig.5 Forms of slat shorter configuration
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Fig.6 Comparison of lift curves of two forms
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Fig.7 Comparison of all slat configuration and

slat shorter configuration with different lengths
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Fig.8 The wing’s C/, -distribution of all slat configuration
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Fig.9 The C,-distribution of four span sections of

all slat configuration and slat shorter configuration
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Fig.10 The I'-distribution of four span sections of

all slat configuration and slat shorter configuration
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Fig.11 Comparison of all slat configuration and

slat shorter configuration without horizontal tail
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coefficient of horizontal tail
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Fig.14 Observation points of four span
sections of horizontal tail
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Fig.15 The local angle of four span sections of horizontal tail

M 15 ] DL L Ak 8 2 ), SE SRR
Fa LT 2 1) 214 b 300 A R L 4 4 BEAL RS O R HL
SULBEER O RE D)1 BEh i) NG S NS A - 8 R R 90
TR T VEAE XS BN . TR 4 B A BT e R At
TR AR Sk 7 R Y St AR IR D o 38 00 B IR T L3R
X BT Bk A5 7 2 9 25 3 A B R, AT
P T R T MMk U5

16 25t T PIA RUAN A F B2 5 4 1 R A9 A
FE M ZE AR 1L 2065 42 4 A BY , W5 (0, O 4% 3 U
P Y, L il £ D A R R AN A SR 2 B IR A
2T T2 O A R B S B DR S A 2. TR
L6 7] LAF 1, 4 S A0 Sl A 2 R 5 S 2 I 19 0 A0 g 4

-

-« - ALL-without HT v
- - - CUT500P-without HT ,-/'/

. N

2° =

- \
- ALL-with HT -
[ |- CUT500P-with HT %ﬁ%@\ﬁi

A04/(°)
16 AHEFRESHETFRMMNNEK L

Fig.16 The pitching moment of all slat configuration and

slat shorter configuration without horizontal tail



¥

576 |

71

o537 %

TE R 25 T i A AR 2 80 A 1° 2 5 SCH T L i 5
17T 4 S AL ) R 1 . IR A AV 7 R i 4 o A AR T
25 . T DL LI AR B X RFAN 3 8 19 A I A S
S WL 77 s 9 32 2 B D TR 52 8 e A Dk i
SR R ARG B A A MLRE AR g s 0
3.6 KIS MGR

Xt B i 3 JR 9 B TRBLTT 3 il T A sh b A
TENMPLIL 2 J5 I ATLIE f) 73 125 2 % 2 s Bl gk <™

RO o AR SCHE S 3 O A R O T Y TR R R AR

ORISR 1oy W7 7 i 5 A 45 s SR A 58 A 3R R R
AR KLY HE R

P17 45 ) 7 2% 800 A I g 2R %) 8 T 0K 2
A o RS TR A7 5 S 300 £ B SR A AT ) A R R R
BOULF—E0, 18 45 T P 2L J i ok U T 9 )
T W 722 4 BB (9 72 k. el PR 18 R A 2K 0
205 BEFLBUT 500 mm 4 B JAE kAT Y A [m)
Wy 712 5 B P AT — 8 7 HE B384 O (R /T & Bl Bl
PEIRE A B PR A T DL {4 38 T i N 2
S SHLE S A T 45 52 1Y R

(a) AgEHE T
B17 AHBEAELARZINESBEENEERESH

Fig.17 Distribution of total pressure recovery on

(b) ZEFAIE500mm s 7

nacelle’s inlet of two configurations at stall AOA

. Jo.00s ——ALL
3 ; ——— CUT500P
£ 057 Limit
IO§E
] R
1 1 il 1|V\4A|||1\H\||||1\\
AOAIP)

B 18 WHEEEBETER
Fig.18 The D . Of the two configurations

4 Hit5RE
A A SCHIBESE TAE 9054 LT LA 258 -

1) PR 3 A e 30— AR T DA O OB A A
AP T3 R L AN 23 52 e 26 1 B v T 0 AT g A
RH A LA AR R RS A — 2B
B BEARR . 2 HE 30 PR kg AR AV g 66 4 P 1 183 i Ok 1Y) e
IRASEFH 38 PR ) BT SR H 4 3R 48U =2 s S B ml ]
i R T+ 1 RBOR AR = 1

2) BEFLAR A 5 0 K/NKHI A ) FE R e B A
TR R R, I ELIGR 1) 4580 4 3 1) de R T ) R EOR 2k
HI AT /N, X RH R 2 R AL E 20
Uit ) U A BT, A 3E AU B AE 400 mm & 500
mm Z [i],

3) AR PN 00 S B TS ART AT g R R 1 1 D L A
A B0 43 N T b . P R AN A T AL
FEA B AN AR T BRI T ALE XS R
bV Y UR =L X A S N R (5 SPA T

4) A N 4 B A LI A B (A0 A0 ) Rk
153028 B A 32 2 BE A /N -5 B0 F B 880
FA B 1o A A A AILIRE AT g e PR A 3 s ) R

5) SR U Z A, B R i P 4 SR AR e i
XF e i A R KLY & s AL UL A 52 5 78 2R
A Z 5 R S U 2 R B S ML R S
— o AR EE R B AR /N TR S BL AR VT ) B K R AR
fH.

TE T — 2B 5T b 4 2 1 3 0 e i e AR
A Bt 8l g J R 238 S5O Y R

Z % X #:

[1] T.C. Wi (o). T4 ALK I M M. 4t
B iz ok th Rk, 1996.

7w H . CHLR AR ML 6 Bas Tolk Rt 1997,
FA. B2 CHLE MR . vERg i’ [M. dbat: s T
bt A 2012,

BARAARE « FLI8 DL od (). W 3 CHLIR B LML 28 i
RITM A R A CHLRS TR A, 1990,

Ve A BT TRAIL R ORI K SR PR 9 SO M. bt s i
2 ol i hcke . 1993,

HIROYUKI KATO, et al. PIV investigation of nacelle chine
effects on high-lift system performance [ C]//46th AIAA
Aerospace Sciences Meeting and Exhibit Nevada. ATAA-2008-
240,

YASUSHI ITO, et al. Efficient CFD evaluation of small device
locations with automatic local remeshing [ C]//46th AIAA
Aerospace Sciences Meeting and Exhibit Nevada. ATAA-2008-
240.

MASAHIRO KANAZAKI, et al. Efficient design exploration
of nacelle chine installation in wind tunnel testing[ C]//26th
ATAA Applied Aerodynamics Conference Hawaii. ATAA-2008-
7180.

YUZURU YOKOKAWA , et al. Investigation and improvement of
high-lift aerodynamic performances in lowspeed wind tunnel
testing [ C ]//46th AIAA Aerospace Sciences Meeting and
Exhibit Nevada. ATAA-2008-155.

[2]
[3]

[4]

(5]

(6]

[7]

(8]

[9]



5 43

P B A R TROALARE R AN S e s I 577

[10] MR, XmE, WA, 55, K S %P0 R R %t ks
[J]. =8 f1% 24, 2014, 32(2) . 190-196.
BAI JUNQIANG, LIU NAN, QIU YASONG, et al. Research
on design of nacelle strake for civil transport aircraft[J]. Acta
Aerodynamica Sinica, 2014, 32(2): 190-196.

[11] X%, BUREE, BRBAG G, 55, 532 bl ke 5 o 4 < sh R tE i
FELJ]. FR AR J1 %4, 2016, 30(5): 36-41.
LIU YI, ZHAO XIAOXIA, OUYANG SHAOXIU, et al.
Study on aerodynamic characteristics of a stall attached to a
transport aircraft [ J ]. Journal of Experiments in Fluid
Mechanics, 2016, 30(5): 36-41.

[12] FE4kW, JE. RATCHG RO EL]]. RA L&
LWF5%, 2015, 4, 13-15.
WANG JIMING, ZHOU XING. Research on longitudinal
moment characteristics of civil aircraft[]]. Civil Aircraft Design
and Research, 2015, 4. 13-15.

[13] % « B4R (OO, RATCHLR R EAELM]. dbut. Aizs Tl
4t , 2010.

[14] 30f8 - BPEHE (FD. BRIMLER 2 e it (M. L. LiE
S R AL, 2010,

(157 MU ALK TA A MOM T 4. MD-82 ©HLBt 43T [ M.

dbmt. fitas Tolk Mt 1990.

[16] SCHUEHLE A L. 727 airplane side inlet low-speed
performance confirmation model test for refanned JT8D engines
[R]. NASA CR-134609, 1974.

[17] HANCOCK ] P, HINSON B L. Inlet development the L-500
[R]. ATAA 69-448, 1969.

[18] HALL C A, HYNES T P. Measurements of intake separation
hysteresis in a model fan and nacelle rig[ R]. ATAA 2002-3772,
2002.

(197 xUsLAL, Ph—ug, BhiE. B ML HESE /Y 0 X 2S BF 5T [T,
Wiz 3 124k, 2015, 30(2) . 289-296.

LIU KAILI, SUN YIFENG, ZHONG YUAN. Study on
crosswind distortion of civil aircraft inlet [ J]. Journal of
Aerospace Power, 2015, 30(2): 289-296.

[20] WIROL. BRiWAE ., 2. HUA/ 3 ) 3 & — R4 43 7 o 4 3 71 5%
Wi 2500 BT . 028 3 03 544, 2009, 24(8): 1766-1772.
TAN ZHAOGUANG, CHEN YINGCHUN, LI JIE.
Numerical simulation of dynamic influence effect in integrated
analysis of body/power equipment[]]. Journal of Aerospace
Power, 2009, 24(8): 1766-1772.

1111111111111 1111111111111 111111111 1111111111111 1111111111111 111111 -1

(L#EE 545 ™)

[13] MA 'Y W, FU D X. Super compact finite difference method
(SCFDM) with arbitrarily high accuracy [ J]. Computational
Fluid Dynamics, 1996, 5(2). 259-276.

[14] SUNZ S, REN Y X, CEDRIC LARRICQ. A class of finite
difference schemes with low dispersion and controllable
dissipation for DNS of compressible turbulence[ J]. Journal of
Computational Physics, 2011, 230(12) . 4616-4635.

[15] LI X L, LENG Y. HE Z W. Optimized sixth-order
monotonicity- preserving scheme by nonlinear spectral analysis
[J]. International Journal for Numerical Methods in Fluids,
2013, 73(6): 560-577.

[16] HE Z W, ZHANG Y S, GAO F J, et al. An improved accurate
monotonicity-preserving scheme for the Euler equations[]].
Computers & Fluids, 2016, 140 1-10.

[17] PIROZZOLI S. Conservative hybrid compact-WENO schemes
for shock-turbulence interaction[ J]. Journal of Computational
Physics, 2002, 178(1) . 81-117.

(18] f(fl3E, HhaE 3, 223750, . Al R4 i i H B SE sl (M.
dbnt . Bl H sk, 2010, 178-181.

FUDX, MAY W, LI X L, et al. Direct numerical simulation
of compressible turbulence[ M. Beijing: Science Press, 2010,
178-181.

[19] Wi&. misrHERBUE IR 5T B €47 &% CFD 3 FF & [DJ. 4t
e R EBERE R, 2012
LENG Y. High-resolution numerical schemes and aircraft CFD
software development [ D]. Beijing: University of Chinese
Academy of Sciences, 2012,

[20 SHU C W, OSHER S. Efficient implementation of essentially
non-oscillatory shock-capturing schemes [ ] ]. Journal of
Computational Physics, 1987, 83(1). 32-78.

[21] SHIJ, ZHANG Y T, SHU C W. Resolution of high order
WENO schemes for complicated flow structures[J]. Journal of
Computational Physics, 2003, 186(2): 690-696.



	08 钟园
	08 钟园-1

