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A constrained slip-wall boundary condition based on discrete equivalent
equations

. *
WEI Yanxin, LIU Jun
(Dalian University of Technology, School of Aeronautics and Astronautics, Dalian 116024, China)

Abstract: To accurately solve the curved slip wall using finite difference methods, this work proposes a
boundary constraint algorithm assigning ghost nodes based on discrete equivalents equation that eliminates the
coordinate transformation-induced errors. Except for the wall-normal velocity, this method further constrains the
wall-normal momentum flux at the wall to zero. The fluxes at the boundary nodes are determined by the physical
quantities of ghost nodes by solving the constraint equation. The new method constructs ghost nodes by
considering the wall as a streamline and takes the influence of neighboring wall tangential nodes into account, a
more reasonable strategy than the traditional weak boundary condition. By doing so, the same discrete scheme
can be used through the whole domain, avoiding the scheme compatibility issue near the wall so that the near-
wall flow fields can be solved more accurately with the non-penetration wall condition strictly satisfied during
time advancement. Typical examples demonstrate that the proposed method, which can be easily integrated into
MUSCL and WENO schemes, can effectively reduce the numerical errors in the near-wall region.
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Optimization design on the wing of a general aviation airplane based on deep
belief network and multi-objective particle swarm optimization algorithm

*
WU Yongchuan, SUN Gang, TAO Jun
(Department of Aeronautics & Astronautics, Fudan University, Shanghai 200433, China)

Abstract: For the purpose of reducing the number of the design variables of the wing, the PCA (principal
component analysis) technique is employed to improve the CST parameterization method. A database of the
wings is established, including geometrical parameters and aerodynamic parameters. Based on the database, the
DBN (deep belief network) is established and trained as the surrogate model in the aerodynamic optimization. In
order to improve the convergence rate and global searching ability of the standard MOPSO (multi-objective
particle swarm optimization) algorithm, an improved MOPSO algorithm is developed based on the a-stable
distribution functions. By embedding the DBN surrogate model into the improved MOPSO algorithm, the multi-
objective aerodynamic optimizations are performed for the wing of a general aviation airplane. The optimization
results indicate that, the computation amount is decreased dramatically by introducing the PCA technique.
Numerical validation is conducted for the designed wing configuration, and the results indicate that, comparing
with the baseline configuration, the lift coefficients of the designed configuration are increased obviously under
multiple states with the drag coefficients not increased.

Keywords: wing design; multi-objective optimization; deep belief network; multi-objective particle swarm
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Table 2 Simulation results of aerodynamic parameters of
original wing under different numbers of grids

IOA e 5 Cn Cp Cra Cp

2.0x10° 0.4432 0.02190 0.4519 0.02084
2.5x10° 0.4519 0.02107 0.4609 0.02065
3.0x10° 0.4629 0.02029 0.4724 0.02051
3.5x10° 0.4628 0.02027 0.4725 0.02050
4.0x10° 0.4629 0.02030 0.4725 0.02052
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Fig. 7 Grid of the wing
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Table 3 Comparison of IGD values between the CDMOPSO
algorithm and ASMOPSO algorithm
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Table 4 Average prediction errors of the lift coefficients and the
drag coefficients

ViR
Ci Cpy Cio Che
ARELA YL 0.69% 0.64% 0.70% 0.67%
RILIERL2 1.22% 1.15% 1.26% 1.13%




512 3 R R TREEEMNE S 2 BT ERL B WML R AR BT 23
10 llZk: R=0.99516 YllZh: R=0.97402
O Hds 10 O Hdk
E{eey i
ogl Y- - | |
0.8+
0.6 IS4
%. 3 0.6
o o
F +
= =
N K
zoz' 04} % 04l
> >
02} 0.2
[0)8
0 » d
0 0.2 0.4 0.6 0.8 1.0 0 0.5 1.0
T T
(a) FeHEfRIL (b) FRHEAE A2
13 DBN REZEIIZRLER
Fig. 13 Training results of the DBN surrogate model
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Fig. 14 Surrogate model 1 prediction values and calculation values of the aerodynamic parameters of wings
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Fig. 15 Surrogate model 2 prediction values and calculation values of the aerodynamic parameters of wings
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Fig. 16 Optimization process with/without PCA processing
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Fig. 18 Geometric model of the optimized wing
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Table 5 Prediction and calculation values of aerodynamic
parameters of the original and optimized wings

Cn Cm Cra Cpe

LB 0.4628 0.02027 0.4725 0.02050
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AN RN RS/ % 944 -0.69 9.71 0
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o B 15 22 S A AR A R S L A T R L VO RS DT 7 o A TR 2 ) 2R M AR SR AT T B AR, T A
T AFTE Jacobian J M 5 25 45 5 R 2% 5 72 AR I I SR AR ) s B S, A A LR T U 1R SRR R T — R I e ik AR
WS, 5 2R UH - F 4R H AR SR U8 B 0 5 R R Ak B SR 1) L, M 42 v i AR R
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Study on the convergence criterion of linear iteration in
inexact Newton methods

* . , * . 3
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(1. School of Mathematics and System Science, Xinjiang University, Urumgi 830000, Chinas
2. National Key Laboratory of Aerodynamic Science and Technology for Air and Space Flight, Mianyang 621000, China)

Abstract: Newton-like iteration methods are usually used for implicit time stepping to solve large scale
nonlinear systems. Each of the nonlinear iterative step requires solving large linear equations composed of a
Jacobian matrix of the nonlinear system, and the error of solving such linear equations can have a significant
impact on the convergence of the nonlinear system. However, the convergence criterion of the linear iteration is
less studied when the Jacobian matrix error exists in the Newton method. Aiming at the above problem, this work
first presents the Newton iterative formula with both the Jacobian matrix error and the linear iteration error, and
verifies the significant influence of the Jacobian matrix error on the iteration through numerical tests. Then, two
different types of linear iterative convergence criteria are tested numerically, and the produced over-solving
problem is investigated at the presence of Jacobian matrix error. Finally, a new convergence criterion of the
linear iteration is developed based on two of the previous convergence criteria. Numerical tests suggest that the
proposed method is effective to relieve over-solving problems, thus improves the computational efficiency.

Keywords: Newton method; implicit time stepping; Jacobian matrix error; linear iteration; convergence
criterion; matrix stiffness; CFD
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ISR ARG Newton J7 vk 2 ik AR SO H F 52 29

0 35

AR LR A 1] V2 AEAE T % 825 BRI S Bk )
R 2B g0 b A A i — U ROHOE SR A T ik
FIRF FCAAE T ACE SR A B e B A 8 B 3, T
HAEREE TR E AT EZ AL, getg 2t
U4k 71 2% (Computational Fluid Dynamics, CFD) %5 £} 2%
BIF FE RN RS2 B e

H A& £ CFD 438, HL % il J5 % ( Navier-Stokes
equations, Bl N-S 77 #22H) B A 1w FE AR L R RHAE, XT T
2 R 4 BRI Bl n) /L, A AT Re s ) 7 B AT B
BRI, N TR 2B HOUE, & LR R AT 2 5
HSORTIST () B . 38 1 25 ) B B4 PR 22 vk AT RR
A& B 3% A R] W7 A FR 76 ( discontinuous Galerkin-finite
clement method, DG-FEM) 25 % (& 77 v 24, ) ) 5 1k
0 3 8 A R 2 9 B R B A 2k Y, b g R )
HEE 52 U CFD W3 Sl AR A0 285026 1) R 1) B B
B, R i e B 14 28 T A T JBE 4R b 7 R A
AMEWH ARG . REIXE KRB IEL ISR S5
Tt 3 V0 A0 v KR A 7 VR AR B 1R CFD T BRI G
FE,

Newton ¥ 22 R i LM T RE B H Tk —,
B S SR AR B R CFD S+ 43 R T 5
1B, SR A 45 1) Newton 5 75 B 52 JE 48 Mk 5k 22 7
FE I JacobianCFE FT LX) Ji B S #4y it 4 Mk AR T RE 4,
I H SR G M7 R H AT RS B R, Bk Wy R AE K
FUBL CFD TH 5 #2 BHMESE I o oy 1 kA F ok TR
M, W H 2 AE RIS 5] NI 40, CFD
% H ) Jacobian-free Newton-Krylov( JENK) J5 2 it %
FH A R 22 43 K 2 AL Jacobian 4 B, 5] N\ T Jacobian f
e g i 2 O, T R A S 1 R AL R G R
RITEEBAT R IR ITES TN Mg 2221,
It LA CFD 4§ K A4 A5 400 v S B b SR H B 2 E RS B
Newton 77 ¥E14,

X T AE kS W Newton 532, B W AT & T IR
VI Z 5098 TAE . Vanden #1 Orkwis!"™ 1518 T k& i
FIHAHE Jacobian i P (1) 3K i #8 S H0 T 5 04 52 i,
BE M s R R AR X MG L T 3RS TR — B
IEARYS SR B S AR I RIS % 22, R X T RO R
B HE 2 R 4, $UMH Jacobian K B 1T RE T H A L
# . Ezertas!'® 25 7 Uk JE il b Bk — B BT T B
Jacobian Fi [ 715 iR ZE SRR, BRTIFLE H T AEAS

i}

A PR ZE 4y 3k Aeh it 22 S /MK B A BR 22 4y SRS IR AE . T
BRI : 712 56 AF F K HUH Jacobian 4 [ 3 L
T 5 K574 Jacobian £ FEAH 2 USSR RE . BTk, £
{H Jacobian % B 5 A7 SCHL A SR AR 35, 2 A T
CFD KU BB AL o SR, Yang 2507 1t 8 )
P 45 B 2 0 . SR H o 56 B4 (Jacobian-free, JF) J7 2 [ £
{H Jacobian % FF I A~ 8 3K 15 5 K5 B Jacobian J [ AH
YW SR, A B 22 4 iR 22 B 5N 2 XA I 8
R A B A R

F4b, AERE i Newton 77 A 7E B — 0 I kAR
I o 2 M 3k ARST SS90 ke 42 o SR AR 2 1tk T R A I A
(RS AL B2, FE UG B b 2 7 AR AR SRR 22 . X
Tz ), SCHR (18] 4 H FR O Newton 32 X 1 5 il
T, G v i o) 428 A1) 28 gy R I R e St A R
KT, — 2 U0 g £ 338 20 B A8 A8 IR 4
TSR FEE RO FR4 T ] TR 2 R
iE Newton 77 2 — B Wit S50 B2 (1) B9 43 A SR T, 72
% [& Jacobian i [ 1% 22 (15 O0 T, Gtk ik AR Siok 4
RIEICT 2 ARATF BRI A, 75— %8 Jacobian
O R 2 1) 52 ) I J& T 0T LU A 7

[Rl bt, A< SC E p5 6 A7 75 Jacobian J B 1% 22 1% 0 F
ARV MR A S iR (I R ILEAT T8 5T, o T A
[F) 2 A 2 AXC R 908 T 51 A6 P o 2 SR A Il R . 465 5 TR o
KA HHE K T — Flokr i Ze ik AR Sl 4, 541
FH OB D30T 37 32 H 28 PRk AU SR Bis m AR 35 i3t 47
T HE.

1 ERIGEMBESZE

1.1 Bz a7 %
St F A 3 By 5% .0 /4 CFD [8] B, H R f# 1Y Euler
CER ) A1 N-S 7 F%, AJ AR 9 PL R K

90

E+V-F(Q)=O (1)

Hv, QR IEAR §, F Xt R <pfE il &, HAKE
S WSCHR (5] A8 € 22 1R 8 ks sN 2 ), Fil s
REW] 59 AR B R

0] _
5 TN@=0 @)

Hr, QNOMIEUEIE AL, N(Q) N2 [H5R 2 M & .
Xt %8 B O EE AL, AT DL RS R R S 2
T, B B T R AL
N =0 3)



30 ol | N B = S

41 %

Xt ¥ Euler 8 N-S J5 &, (3 AR R 241 .
K Newton J5 k% 1% 5 FE #EAT e AL 5 3% AR A
AN

J(@MHAQ" =-N(@")

J(@)=0N(Q)/0Q “4)
Hr, J(@)72 5k % 18] & N(Q)I) Jacobian J [, AQ" =
0" g,

N T BRI R RS E M, 2 AR (4D 2e o
TPy B TRD 35T, M AR AN 255 R I 1) T £ T 550K B2, 1) 7
R R H S B A7 PR L A if 5 /DN B Euler B2 30k 5K,
BB IEARTT RN

1 n no_ _ n
AItI@ )}AQ =-N(@Q") )

K HE AP K Ar — oofif, 1B AR (D TE .
1.2 Newton-Krylov 75 3%

Newton-Krylov 77 #: 2% [ # /& CFD 413k % F i
KBAEZ A J7 BE AH SR fif 55002, BT Krylov ], A
(SIFWAE

Kn(J,r®) = span{r("),,]r(k),..._]M—l,.(k)} ©)

%I TT IR AE Krylov 2% [A] A ¥4 3 11 58 1) & [ &2, JFAE
275 () P 3 PR AL AT 2 1k U R 2 AR T e/ O (B A
Vb A ik 72 B R R AR o W S B MO T e 1k
7 T2 20 2 O B B0 26 R B C e o B 8 R AT A 20 A ok
SE ), R 5% A BUBUN I, Krylov J7 0] BUAE JL
KA RNR IR EZERR DR BN T RE
Euler M1 N-S 75 2 7 A= (AR XS R & 48, R A e
% 72 1% ( generalized minimum residual, GMRES) [21-22],
HARUT

for k=1,2,---,N %NIKHE)3
ro=f-Juy %WIMHIEZE
g1 =ro/llrolly  %H—NIEALH
for i=1,2,---,M %GMRES(M)i%AX,
wi=Jq PitEBH
for j=1,2,--,i %RHEIERI
hji=qwi
wi=wi—hjiq;
end
hivii=lwilly  %FIEAS K255
qiv1 =wilhiy; Yo IEATSE FLATAL
if(||ri| <o) WS
end
end

Horbr: M ARERECK WIEARIREL o7 GMRES A1
SR o J i) T ST SR AT BR 22 70 LA 21, HL AR

TEAEAR 1.3 T4/ 4 . N GMRES I i
K E g R H, & A LA ROEE 7 i i £ Krylov &
[ [ i, /D IEASAGERAE, S R HURTT S T R
MR Krylov J5 ¥4 3R fif £k 4 J7 F2 41 B 35 R 1) 2%
PEIEAR R 22, 3 BT 2R R i AR I Sl 4 -

INQ@Y + J(@AQN < o (7)

Ho, AQF = QK1 — QF; o T 4 il 45 1 1% AR 1 SR A A
B, 24 H O ik K, 480K ) 2 M a2k AR R 22 W] RE R
Newton 1% £ (1 it S50 s 35 R s i, 1y MR o /s A5
o FBOL BER A, & B FIR B, ko ik £ X T
R e B B BB T R R T L.
1.3 &MU AFERHIRE

124 —  Newton IEA K A2, 7 2R H 4%
5 3% AR L SR AR i Jacobian 4 B J4H AR 28 1 5 FR
. LEFRAE Newton 77 V5 H 75 R RS 7 V5 1H 55
Jo BRI T ORHUBE CFD 150 &, v SRS 0 I A v
LUKE B B = AR T B A g E AR R . R,
P s BT 2 M AL HE AT LU AR BE T VR, Hoh— R 2
of it T b AR B ) 20k Sk AT A 6L, 48]t £E 28 B LU-
SGS 7y ¥ Hhoxt i it B MG % 38 1) Jacobain [ 7
SR P — 90 30 AL A 8 1 3 2 425 e BTy 55 4h— Fi
77 15 ) 2 SR U8 5 v 1F 55 Jacobian £ %, 41 1 CFD
o IR 7R R R LA BR %= 4y 7 ik I AU
Jacobian i[5 ; b Ab, & A7 bk P9 BRI L) VR & T7
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Numerical study on compressible gas-solid two-phase flow based on a particle
solver implemented in NNW-PHengLEI

LEI Yinghaonan, LEI Sanhui, ZHANG Shenghao, WANG Ping
(Center for Particle-laden Turbulence, Lanzhou University, Lanzhou 730000, China)

Abstract: A Lagrangian point-particle solver is developed based on the open-source framework of the
NNW-PHengLEI software. A particle source term is included in the solver to realize the two-way coupling
between fluid and particle, and analyze the modulation law of particles in the compressible flow. In this work, we
first introduce the particle force models, numerical methods, boundary conditions, interpolation methods of flow
parameters, etc. involved in the particle solver in detail. Furthermore, based on the literature and theory on the
particle motion trajectories in classical Poiseuille flow and the impact of particle motion in boundary layer flow,
the particle solver is validated, demonstrating the solver's capability for two-phase flow simulation. We also
conduct a preliminary study on the particle-flow interaction in a compressible laminar boundary layer flow over a
flat plate. It is found that, with the simulated parameters, the presence of micron particles significantly increases
the skin-friction coefficient and heat flux, and decreases the boundary layer thickness, while the particles
gradually deposit to the wall along the flow direction.

Keywords: two-phase flow; National Numerical Wind (NNW) tunnel; PHengLEI software; supersonic;
laminar flow; boundary layer
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Table 1 Parameters of the flat-plate boundary layer flow
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Fig. 4 Comparison between calculated values and analytical
solutions of velocity profile
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Table 2 Parameters of a single particle released on plate
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Fig. 5 Temporal variation of coordinate values of moving
particles along wall-normal direction in boundary layer flow
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Fig. 6 Comparison of particle trajectories under different force

conditions
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Table 3 Parameters of flow and particles in two-way coupling
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Fig. 7 Schematic of particle release
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Fig. 8 Non-dimensionl wall heat flux in particle-free and
particle-laden flows
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Fig. 9 Variation of non-dimensional wall heat flux along flow

direction under different conditions
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Fig. 10 Variation of skin friction coefficient along flow direction

under different conditions
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under different conditions
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Fig. 14 Profiles of time-averaged vertical veloicity of particle
and fluid in different streamwise segments
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Fig. 15 Distribution of particle concentration along wall-normal
direction in different streamwise segments
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Vorticity transport characteristics of separated shear layer under
AC/NS-DBD plasma actuation

ZHAO Guangyin*, YANG Yongdong, LI Tingting, XIAO Chunhua, YAN Li

(Low-speed Aerodynamics Institute of China Aerodynamics Research and Development Center, Mianyang 621000, China)

Abstract: AC-DBD actuation and NS-DBD actuation are two typical actuation forms in plasma flow
control, both of which can induce spanwise vortices in the separated shear layer to control the flow. In order to
understand the difference between AC-DBD actuation and NS-DBD actuation in the formation of induced
spanwise vortices, flow separation control by the two actuations on the airfoil at a high angle of attack (a = 20°)
is investigated numerically at Ma = 0.1, Re = 7.5 x 10°. The AC-DBD actuation and the NS-DBD actuation are
coupled to the unsteady Reynolds averaged Navier-Stokes equations in the forms of spatially distributed
momentum source term and energy source term, respectively. The two-dimensional vorticity evolution equation
is used to analyze the source of the induced spanwise vorticity. For AC-DBD actuation, the body force term is the
main source of the boundary vorticity variation; while for NS-DBD actuation, the baroclinic term is the main
source of the boundary vorticity variation. At 1 ms after the actuation, spanwise vortex structures are gradually
formed on the upper wing surface around the leading edge. Then, it is found that the main cause of the local
vorticity variation for the two kinds of actuations comes from the convective term. For the vorticity transport
under the two actuations, the largest difference lies in the baroclinic term, followed by the cross product of
density gradient and viscous force gradient, due to the non-parallel of the fluid density gradient and the
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mechanical stress (viscous stress and pressure) gradient caused by the residual heat after the NS-DBD actuation.

By analyzing the variation and development of the vorticity induced by the AC-DBD actuation, a reverse

actuation method is proposed to improve the flow control effect of the leading-edge AC-DBD actuation.

Keywords: separated shear layer; plasma actuation; spanwise vorticity; vorticity transport equation;
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Fig. 3 Local vorticity and streamline at different time instances for the two types of actuations
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Fig. 7 Distributions of the vorticity and different terms in the vorticity evolution equation for the two types of actuations
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Fig. 8 Distributions of the vorticity and different terms in the vorticity evolution equation at 2 ms after the two types of actuations
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Influence of the number of blades on aerodynamic and noise characteristics of
counter-rotating propeller
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Abstract: The advantages of high efficiency and low fuel consumption of the contra-rotating propellers
have attracted more and more attention. However, noise is the key problem that needs to be solved urgently in the
development process of the contra-rotating propeller. Based on the nonlinear harmonic method and the theory of
acoustic analogy, the influence of the number of rotor blades on the aerodynamic characteristics and noise of the
contra-rotating propeller and its physical mechanism are studied. Taking a certain type of contra-rotating
propeller as the reference object, seven kinds of contra-rotating propeller models with different combinations of
blade numbers were studied. The study found that increasing the number of blades in the front/rear rotors of the
contra-rotating propeller will increase the tension coefficient and power coefficient of the front/rear rotors, and
the fluctuation amplitude will be significantly reduced, but it will also damage the total propulsion efficiency of
the contra-rotating propeller. The paper proposes to increase the number of front/rear rotor blades while
appropriately reducing the front/rear rotor speed. The results show that this scheme has two beneficial facets: On
the one hand it ensure the total thrust and total efficiency of the counter-rotating propeller to be unaffected; on the
other hand, under the interference noise frequency, it can obtain a more obvious and wider noise reduction effect

than simply increasing the number of blades.
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Fig. 13 Aerodynamic performance of the counter-rotating propeller with different rear rotor blades



#1234 R AR SRS X xR e S Sl A P AR R A S 69

R4 FHETREMHBETWURN, WHEEER—EEEHNG

ST L 1st harmonic pressure: 50 100 150 200 250 300 350 400
== ~
Table4 Aerodynamic changes of counter-rotating propeller / \;:} y QT
during one full rotation period with different rear rotor blades f’ /
il
B |/ ‘
t il
ACr gy ACp A Cp gy ACp g ' |
F6_A6 0.0087 0.0102 0.0107 0.0108
F6_ A7 0.0092 0.0097 0.0114 0.0105
F6_A8 0.0093 0.0091 0.0113 0.0101
F6_A9 0.0099 0.0100 0.0120 0.0115

223 ABhWEE ST

15 a5 B T 30 SO (L, R IR T %t FOAS  FOAT  FGAS  FGA9
(@) JE A1

BB e A R v . B 15Ca s b AT AN, FE 1A
BPF1 8 1 £ BPF2 ', i3 J5 HE % ¥ 2% 20 mT DL
3 PN B 0B e 2 e, LR AE 1% BPR2CJE HE %
Tk ECh 6~9 B, 5 2 M R 1 B 7 i AR
N, P R B o S HE S O S T K. (E S HER
- B AR A A T D R P R T ) B R AR A
"4 WE 15Cec~ T ULE H, RAEFHEHET, &
H - 2 i 00 3 R B S L8 T 7 £ 00 R R )
L&A A . H R L, o A e R ) B
3, I B8R Mt 20k SR St e 7 A3 36 R 7 S R B R BURR
Bl 16 M5 HE 7 5w HOB AR, 0 i 0 e 2% Fo_A6 FG—(’S;%Uj;—AS F6_A9
;?ﬁfaﬁg fﬁ?;fﬁ ggﬁ;ﬂ;ﬁ;%%i 14 FEEHEETFRME, HEF—WgEENRES %

Fig. 14 Distribution of 1st harmonic pressure

R R S A QiR N RANE S N L S i BV amplitude of front rotor with different rear rotor blades
0100°90° 80° 70° 0]_OO°900 80° 70° 0100°900 80° o
120° 1o 7 60° 120° 1o 60° 120° 1o ] I 60°
=W, A 130° 50°
140° F e anaN'SY, re Sk 40° 140°

30° 150°

() UZBPFL

101
120° 110

(d) 1{%BPF1+2'T%BPF2 - (e) 2’1%BPF1+11%BPF2
15 EHEEFRMETAE, REEFIEDNE THRIZEERESERE

Fig. 15 Acoustic directivity of counter-rotating propeller at different blade passing frequency of rotor with different rear rotor blades
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Experiment of the effect of propeller slipstream on single-engine airplanes

LIU Wei', ZHAO Zhong, ZHANG Shouyou, XIE Lu
(AVIC The First Aircraft Institute, Xi’an 710089, China)

Abstract: The propeller slipstream will change the effective angle of attack and air velocity of the airplane
wing, affecting the aerodynamic characteristics of the whole airplane. Compared with wing-mounted propeller
airplane, the relative position relationship between propeller and wing of single-engine propeller airplane is
flexible and changeable. In order to study the influence of slipstream of single-engine propeller airplane with
different aerodynamic layouts on the wing, this paper studies the influence of slipstream on light single-engine
low- and high-wing propeller airplanes by force-measuring wind tunnel tests. The results verify that the simple
plugging of the nose air inlet of the test model will produce considerable additional drag due to the propeller
slipstream; the additional drag is proportional to the propeller thrust coefficient but independent of the flap
deflection. Propeller slipstream increases the lift curve slope, maximum lift, drag and pitching moment, but
somewhat reduces the lift-to-drag ratio and longitudinal stability. The relative position between the nose propeller
and the wing significantly affects the stall angle of attack. Propeller slipstream increases the stall angle of attack
for single-engine high-wing airplanes but decreases that for single-engine low-wing airplanes. The flow
visualization and theoretical analyses show that the propeller slipstream moves to the top of the wing of single-
engine low-wing airplanes, causing strong upwash flow, increasing the local angle of attack of the wing, resulting
in a large flow separation region on the upper surface of the wing, and reducing the airplane stall angle of attack.

Keywords: single-engine propeller airplane; slipstream effect; wind tunnel test; air inlet additional drag;

stall angle
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Fig. 1 Test model of single-engine high-wing airplane
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Fig.2 Test model of single-engine low-wing airplane
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Research status and development tendency of large aircraft wind tunnel
technologies in China

WU Jungiang', CUI Xiaochun® *, WEI Zhi"" *, DU Wentian® >

(1. China Aerodynamic Research and Development Center, Mianyang 621000, China;
2. AVIC Aerodynamics Research Institute, Shenyang 110034, China;
3. Aviation Key Laboratory of Science and Technology on Aerodynamics of High Speed and High Reynolds Number, Shenyang 110034, China)

Abstract: Large wind tunnels and related test techniques are indispensible foundation for the development
of large aircraft. This article briefly introduces the aerodynamic characteristics of large aircraft and their wind
tunnel test requirements. It also elaborates on the research status of large wind tunnel test techniques in China in
the past decade, including the accurate simulation of boundary layer transition, flow field visualization, high-
speed wind tunnel test model support, fine aerodynamic force/aerodynamic load measurement, aerodynamic
force test data correction, aerodynamic noise, ice formation and deicing. It analyzes the gap between China's
current wind tunnel test technology ability level and the needs of aviation developed countries and future model
development, and puts forward development suggestions for the next step.

Keywords: large aircraft; low-speed wind tunnel; transonic wind tunnel; testing technology; research
status; development tendency
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Table 1 Transonic wind tunnels for large aircraft in the United States and Europem

[ 5 /X AL SRS R BUR DRSO Hit s/ (10°m™) R
AEDC 16T 4.88 mx4.88 m 0.05~1.6 0.1~23.6 8
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Table 2 Wind tunnels for large aircraft in China'®
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Fig.1 Standard transition trip manufacture equipment and its production
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Fig. 2 Flow field around a CR929 wing illustrated by color fluorescence oi
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Fig. 3 Transition zone detection on a C919 wing using electric heating coatinglsl

N8 7S L A AT 1) D00 Bk FE 3835 31 1 0.01°),
M LA e 08 R A R AR T 1A B P R T 2K
E | RIFHEA
23 FBRUSIFH/SHBEFUEREAR

TENG S0 A6 DN B 77 T, B0 ve 1 B S A ) LB AT
2 4] 300 £ 38 AT 3 2 5 e AR B0 52 MR A& E SRR
W& I8 S PR PR B o 1T S S SN (R PSR AR L i SR
5 I B AL PR AR 2 BORME L, IR REFE S L S
PR 77 AT B LR, B IRAE R i AL 7 O XU
ST IR B S K IR I S AR A AR T A
HESR AW T (B 6 MR RIRH AR K 1wk FE
B ECE 77 PSTIN & A3 T ) B0 R kL Cpressure
sensitive paint, PSP) ff) 15 7 3 [ 3% &5 J& /10 2% I & F
ARIBICE 70 ¥ v i 9 3R 7 o KU o, Se B T



88 ol |

%o R #41%

PIVA+PSP 4544k 37 FHUSIC I 8) o 1 f K kLG /N 3

) b # #E (reduced vertical separation minimum, RVSM)

I AU 75 R, A 3% 22 5B A a8 X A8 75 3 4

JEEI e

Jit, R T RS LI AR IR R, 2 T LA RS
& ML VA IE 0 2 5 A B Ak S FE A SR [y BR T
(B9, KRR LI AR K5 7 KA K
DRI N E= R R v € TR RS s ST RN

ALK fig ek
b SRS
izl Z [
IRGIRES

10 Gb/s)t4- 154

|

Bz
LG
BB

iy MR T A
Ao o 5 b 2hiz 3l
~| 4RSIy MR AL S MR
e T SR Ak
4 WEMNBRZLBBNSIEETERSE" B 5 ETFraisnEmRsasmiEsrnE R
Fig. 4 Multi-functional support system with fully decoupled Fig. 5 Angles of attack/sideslip real-time measurement system

angles of attack/sideslip®! based on stereo vision measurement technology[m]
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Fig. 6 Comparisons of force measurement results of model CHN-T1 with continuously varying attitude angle
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Fig. 8 Integrated PSP and PIV measurement results of CACM model"®!
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Fig. 9 High-precision pressure measurement results in RVSM
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Fig. 11 Internal support using strip suspension"
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Fig. 12 Wall interference correction procedurem]
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Fig. 13 Deflection measurement results of CACM at Re = 4x10°

-1.0 ™ CFD-deform

GORGEEERN) —— CFD-deform e CFD-rigid

CFD-rigid

05 I
I 0.5
1_07|..xl..il..il...l..ll. =SSR S IS S S SR S S S IS S——
0 0.2 04 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
X X
(@) #=11.32% (b) #=72.36%
14 FAENRHNEMCEEHRYUOERZMEELER™
Fig. 14 Deformation corrected pressure coefficients at varies wing sections'??!
- T R ‘ g
[ Re=3.3x10° 2.4 m/x(jli !
[ - Re=35x10° ETW [
- ETw IS a g
YRZH IR
o or ]
_ . ETW
3 R
oy
[ i 1 1 1 L 1 L 1 1 1 1 I 1 1
al(%) C
(@) 7+ e L (b) 2 2% FIZH S

15 BB HER

Fig. 15 Reynolds number effects prediction results
2.5 KB SHRAEKLERA FRAFBCE Thae e & M B AT B brse gt K- 1 <sh A
SEE A RBP4 TG, AL TR EOR, e
MpoE R e, HATEAADOER T 05 m 2 m 8 m & B RV 28, Y72 B S5 NN 7 658 /E 77, 10 HL it



128

REGREE FE KT WAL XGR BRI BT IR 5 K a5 91

FUEAR T PR B AL P B = A R A R = S
W ARRY, FIH R Ea MR, BATTRT KEX
RSB 75 R PR 7R B N it 56 R AT 7, I L
CUER S PR v B0k rh w0 R P (B 16, B 17D,
e [ 7E LA S 20 e s X 50 T B 7 % [ AR XU
(AR A, 22 A B A 05 A2 K ROTL 7S 2 XU R 75 KR

16 EREHEREIXIE

Fig. 16 Full-model airframe noise test
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Table 3 Typical icing wind tunnels in China

IR 44 RIGEUEA  WIeBRS BRI/ (nsh) SR /m AR/ C BAKER/ (gm”)  PHUKIMELE /um
3 mx2 m&E VKA Zijn| 3mx2m 210 0~20000 -40 ~H iR 0.2~3.0 10~300
FL-61%% Uk R [Zi]m] 0.6 mx0.6 m 240 0~7000 -40~5 0.1~3.0 15~50, 100~200
#23h Uk XU Fa 2.5 mx2.5 m 15 — EHNREER 0.2~3.0 20~50
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Fig. 19 Hot air and electric heating anti-icing tests in wind tunnel FL-6
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Fig. 20 Mobile icing wind tunnel in AVIC Aerodynamics Research Institute
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O KUFI 2 RICAT B VA TS I T AR T AT R RS AR T B, KT PO EARE R
TR B R T TRMLT & XU 6 0K o 5 O 2 RV ) T Dy B S o XU Ak 6 1 v 2 B IR e T 3R 30 R R, 7™
2RI BB 1E 7k . ARSCVEAUAZ8 T 2.4 m 8 o AL 75 5 XA K S HURE 406 S 30 0 /R Bh B 1k 36 B AR e B B
TP LHETH. BRI 5 0 5 503 15 1E 5 R Bl R, SR A 7 R R LRI RS (S B S HE R . 45 R R 2.4 m
JRGIE K TR B0 A AU, B 0 5 B 18 1E T v AL AR 5 SR, a0 B A HE B e, R A R IR IR ML i R B
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Test techniques and data correction method for large airplanes
in a 2.4 m intermittent transonic wind tunnel

. . . . . *
XU Xin, LI Qiang, PENG Xin, JIANG Hong, LIU Dawei, WU Jungiang
(High Speed Aerodynamics Institute, China Aerodynamics Research and Development Center, Mianyang 621000, China)

Abstract: Wind tunnel testing is a fundamental means of obtaining aircraft aerodynamic characteristics,
evaluating and analyzing the performance of aerodynamic design, and predicting flight performance. The
reliability of wind tunnel tests, regarding accuracy and precision, depends not only on the testing techniques but
also on the data correcting method, which is particularly crucial for large airplanes. This paper first summarizes
the research progress of the aerodynamic force and load testing techniques for large airplanes in a 2.4-meter
transonic wind tunnel. Then, it introduces the advancement of methods for correcting wall interference, support
interference, and deformation effects. The accuracy and precision of the test data of a large airplane are quite
good, indicating that the test techniques and data correction method for large airplanes in the 2.4-meter wind
tunnel meet the testing requirements and thus are capable of obtaining the aerodynamic characteristics of high-
speed large airplanes. The results are essential in promoting the development of China's large airplane
aerodynamic testing capabilities.

Keywords: large airplane; wind tunnel test; data correction; precision; accuracy
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Fig. 11 Comparison of the force test results in different wind
tunnels ( Ma=0.85)
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PIV & PSP H AREX XKV XGERIEFRES M B
bhk, BEE, HZA, F OB, TRA, kB, EBE

(i 2= ol 2= S3h St Jibe, YEFH 110034)

#  E: 1 FL-61 KU, X = 40k T K45 I 3 (particle image velocimetry, PIV) iR 56 & 45 £E 3 52 KU 30 455 P 1 38 %191
BEAEREHEAT 7RI AT, 45 R BILE 30~280 m/s Y Y, PIV IRIE RGBS LR T 1%, DAAS [ J5 5 RUHLAE 52 1 5%
MV AS T i T A UL S 28 SR THT PSP ¥R )2, WAL T & 3 BUBR ik )2 (pressure sensitive paint, PSP) X I 77 & 44 1) 5

R G IR )= B FE i 4E 0.03 mm AP W] A 2% R R 2 0 D 0 00 R A IR 2 e o 7E FL-62 HE 4R s 5 JEJXL/HEM;%H% E
*ﬂ&@ﬂ%*” BEAT 1 WS i 2 AR B 25 5 2 F BE 9, SR P R ) T i) 68 ) 6 ISR SR BOR, SR B T PIV 2R 5 PSP 2 AR )

MR A AN, BRAF TR KU B3 b SR T A A B T 3 S WL B R R R ) oy A

%ﬁzlﬂ:ﬁ%@yfl A EJBURIRBHEIAR: RIS, KR
FESES:V211.71 HERARIRAD: A doi: 10.7638/kqdIxxb-2023.0152

Integrated application of PIV and PSP in large aircraft wind tunnel test

SHANG Jinkui, LI Yujun, ZHAO Ronghuan, WANG Meng, ZHONG Hongjie, XU Zhaonan, CUI Xiaochun®
(AVIC Aerodynamics Research Institute, Shenyang 110034, China)

Abstract: The accuracy of measurement techniques in wind tunnels holds utmost significance in ensuring
reliable test outcomes. The present study delves into the accuracy levels of a high-frequency particle image
velocimetry (PIV) system in the FL-61 wind tunnel. The results indicate that the PIV system's measurement
accuracy surpasses 1% within a freestream velocity range from 30 m/s to 280 m/s. Moreover, the influence of
pressure-sensitive paint (PSP) coating on force and pressure measurement tests was also investigated, utilizing
polyimide films with varying thicknesses and roughnesses as PSP coatings. It is found that a PSP coating with a
thickness of less than 0.03 mm is imperative to obtain reliable force and pressure data. Furthermore, an
experimental study of a civil aircraft calibration model was conducted in the FL-62 continuous transonic wind
tunnel by acquiring PIV and PSP data at extremely short temporal intervals. The quasi-synchronous integration
of PIV and PSP provides the three-dimensional velocity fields over the wing and surface pressure for the

aerodynamic performance evaluation.
Keywords: PIV; PSP; CACM; civil aircraft
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% (RO BBE 4 R I AR 1T R, 20 T2 )\ AE UK
RS S R R o B R T IO 2 I (laser
Doppler velocimeter, LDV) 437 A 5. il 74 17 55 B, 15
B 7 AR IREN S X IR I A AE T P08, 7E SEE
6] 9L 3 v AR AL 1) [ B 4 it T A b 0 A R AS
B RN 75U R R PSP R HRGE 1E 20 42
N, KRB T IR A S A8 5 0 L
TsAGI. 3 [E NASA. AEDC, FX#ll DNW. ONERA, H
A JAXA 55 KA R 3 g 5 1 PIV f PSP i B &
g, AR K RHLE NI 2 24 AT 2t 0 R b AT
TR, HEr, E AR PIV H AR K PSP A K E T
G, R R T LR
A, w2 Tl 2= 330 3 i 7 Be O ST AR
G TR BB DR R IR PIV H AW, #
& PIV F AR FEAE K AL ] B0 56 o R A% N 1
NPT, 3543k, BE% TSI LAVISON, DANTEC
SN E] PIV RS R 400 an 78 B I, PIV BORTE
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PIV HE AR BB TR K e . & 2SR T
PIV 76 — 43737 I Bt of A 0 5 P i B 7 vt il
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Fig.2 Continuous PIV measurement data under different wind speeds
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Fig. 3 Experimental model for studying the influence of coatings
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Fig. 4 Effects of coating thickness on lift coefficient and drag coefficient
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Fig. 5 Effects of coating roughness on the lift coefficient and the drag coefficient
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Fig. 6 Effects of coating thickness and roughness on pressure distribution
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Fig. 9 Schematic diagram of synchronization control timing sequence for PIV/PSP test system
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Fig. 10 Instantaneous velocity field and surface pressure at Ma = 0.75 and o = 4°
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Fig. 11 Instantaneous velocity field and surface pressure at Ma = 0.85 and o = 2°
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Fig. 13 Mean velocity field and surface pressure at Ma = 0.75
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Precision force measurement techniques for large aircraft models in 2.4 m
continuous transonic wind tunnel

ZHANG Ren'" %, XU Zhifu" * ", LI Xiaogang" *, LIU Yu" ?, ZHANG Ying" ?, DU Wentian" >
(1. AVIC Aerodynamics Research Institute, Shenyang 110034, China;

2. Aviation Key Laboratory of Science and Technology on Aerodynamics of High Speed and High Reynolds Number, Shenyang 110034, China)

Abstract: To meet the stringent demand for the precision and accuracy in wind tunnel force testing of large
aircraft models, Aerodynamics Research Institute of AVIC (Aviation Industry Corporation of China) has
innovated several cutting-edge force measurement techniques tailored for the 2.4 m continuous transonic wind
tunnel. These techniques include a high-strength and low-thermal-expansion-coefficient balance with the
temperature compensation and correction, an attitude angle measurement method using angle sensors and video
and a modified method for measuring the attitude angle superposition, a fast calculation method of the initial
balance loads under various test conditions based on the linear regression, an active anti-vibration technique
based on front and rear damping systems that broadens the range of attack angle, video measurement and CFD
(Computational Fluid Dynamics) simulation integrated elastic deformation correction method that effectively
isolates the effects of elastic deformation on the aerodynamic forces in high-Reynolds-number tests. This paper

delves into the principles underlying these innovative testing techniques and demonstrates their efficacy through
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ZHANG R, XU Z F, LI X G, et al. Precision force measurement techniques for large aircraft models in 2.4 m continuous transonic wind tunnel[J].

Acta Aerodynamica Sinica, 2023, 41(12): 118—132(in Chinese). doi: 10.7638/kqdlxxb-2023.0167
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case studies. Compared to the European Transonic Windtunnel, our techniques have achieved remarkable

improvements in accuracy, with deviations of lift and drag coefficients for a large aspect ratio civil aircraft model

being only 0.002 and 0.0002, respectively. These advancements represent a significant step forward in ensuring

the reliability and accuracy of wind tunnel testing for large aircraft models.

Keywords: continuous transonic wind tunnel; wind tunnel testing; large aircraft; force measurement;

balance; model attitude; self-weight correction; anti-vibration system; elastic deformation correction
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&N 0.05°. 5 4b, A% St I A S5 B I U5 VA AE DR UE I &
FHERE RO AT 52 T, thoal U AL, 2 (i A o %
JTE R SR B AN R ST I

A8 XU 73 FEA L, 5 A [R) B0 400 £ AR B f 20 &
TARE i AR AR 70 T AR AT A AR M 1 T
Z WA A2 1L R

— 2 2
{ O.=ap+ay-6p+ay -¢o+az-605+as-¢5+as-0y-do

-~

¢C=bo+b1'90+b2-¢0+b3'95+b4'¢%+b5-90'¢0
(2)
A, Thr o B A AL BEARRHMWEAE, Fhrc K
A AR R ERE I JE I BB . a0 Fl BoAt 2 T

Rung =Ry ($mg) Ry (Wng) R:(Omg) = Runi- Rig = R- (-0

cos ycos 6

75 30 B Y Aty 28 AFOE T b i 2R ) U540 A Oy TR
%% ¢mg\ {ﬁﬁﬁ:% wmg:

Ymg = sin”! (sin ¥)

sin ¢cos z//)

COS Yimg

Pmg = sin”! (

cos isin 0)

-1
One = SIN
# COS Yg

B RSB 5 Og ~ TR 52 IA g~ M LI Yimg 1
PR, T 5 Fy B A% IR 2% AH 0T T b Jah 3R 1 O 022 35 £

W, as @y azs g ass bys bys by by bs & 2 T
I H B R AL

TEVR % f1 oK B RSP AL, £ B A% k2% BB &
AW 22 %5 f 68 RITR B 2 35 M ¢, TE IR B £ 90°F0
—90°h7 B A, i BE AL IR BRI B i T 2 2
iy,

ARG RS R AR R A R LR
TG &R 2

Rig = R« (¢;g) Ry (‘/'i'g) ‘R; (9}g)
Rin = R(8},) R(#},) R(6,,)
Rong = Re(mg) Ry (¥mg) R (6mg)
Rig :Rim'ng (3)
A, R RIS BRBL e e FE I N b i AR A FE A R
W&, Nhr m ACRBEE RS R, T g AR &
Hh el ZR ) x Bl KU B ey RO EYEE 2R 2 B O AL T
KA1 2 LT x il 2k .
MRHE K R A (3D, AT LLHE T A P A% B A T
f@iﬁi%E@Tﬁﬁﬁfi%ﬁ%l&ﬁﬁﬁﬂ??é%ﬁ:
R(lﬂ;g) = R(—(b:g) R((p:m) R(w;m)
R (93'"1) R (¢Lg) ‘R (‘prvng) ‘R (Hrvng) ’ R(_Hi'g) @
AT R A T3 DN B A ) A A R A X T
$Hi%ﬁ‘]1}ﬁ1'ﬂ]ﬁ%9§g$m§%ﬁ%¢i-go PRA 5 &8 0 B 45 31 A
AR X T Ll AR AT AT A7 6,0+ TR Y g~ M UL S
Unngr TERATE RN DI HARE Y], 2505
5

) Ry (Vi) R (=00) R () Ry (v3) - R (0,
—cos ysin 60 sin
—sin ¢sin Ycos 6+ cos ¢sin 6 sin ¢sin Ysin 6+cos ¢cos 6 sin pcos 5)

—cos ¢sin Ycos f—sin ¢sin &  cos ¢sin Ysin O—sin gcos 6 cos dcos Y

Wi, ZRIEAAHS, B BHT IR A A O VR SR
Bmg~ AT Wimg B ZE7E 0.001°LL 3 A 1
22 WENBEEMERESANESE

XoF T B SR 7R, R IR — PR TR S 7S AR
BTVE SR AR S N U7, BRSO AE M R A
JE  SCFF RIS HE NG 1) 22 266 Sy« SR i 3 il 286 81 )5 3
T 2 1) 1) & Sy RPN SR B0 2 28 A RSP SO/
PER SR A BERLRI RS (1 22 36 M AT B, 49 B
BUYEHL A R T IEA A s TSR BIBETE 2.4 m &
a5 2 7 X R AR I g R R B, DA ) KT



122 ol |

71

S 4

41 %

ISR /ST IR B A A5 R RN R P 10 22 3 A 1 U A
TSR T RAFAE O 22, R 1 k06 K530 10 PR f 1

2.4 m S S 7 X B S4B A AR A
AR LA UL 5) o A2 A ] ROAS R 3 £ A £
MG, KA RP RS AR A LA, (23
FERIS T SCHER B, 9 2 2 18] FA) S A £ 16 v 2 AR 40
A0 AN 8 SR ARG B, WO R ) 1R ) 55
(I i r o S A AR ARG I o R 0 5 SR
i) e T S A BSOR IR S ¥ ) 0 A STHE AR ) 4 70 ARG
K T HE T SCEER B 1] W B /DN, S HE I B 1) 22 T
BHK . QUINE TP R SOR I #1E A R B A 2 B
PR R SOFF AN SCHE IR B U 3300k iy 2 K00, AT T x
TR 225 £ DN B 5 R R A 1k 7 AR R e, R
DB TR ST SCHE R BT fy R EL

5 24mEERXEFERNEAHRFE. ZHHM
THRARWIZIERS

Fig. 5 Support system in 2.4 m continuous transonic wind tunnel

AL TR ZE 2 T EE AR A S,

IR AR RSl AN 7] 40 B B, A R A RS 22 T A7
FE LIS, TP BOR T RAER AF AR IR 2 . IR EE R
WY, BN 2 T8 () 22 2 A ik 31 0.02° A LI,
Fop= AR S A ]
DRk, Dy 7k — 2D G e A R N 7 i I HE B
I3 B EH X R AT/ SORT 4% B SRAE ff  AERAN R T 1)
PR T B RS R %
221 RVSIRT/SCE I #AE M voh 55 2os
SIS S A1 0 0, SR fTHE A 0T

Aeg = Ken,oo - Nyp + Keproo - Mzp
Bepo = Ken,oo - Nyp + KeMy()o - My,
Geoe = KeMXO" . be

(N

s Aeg: Beoe Geo: 53 ) ) FH SR IS4 AH X ok
FA N OIS R 381 AR 2R B 545 30 1 KGR 356 1) A 1)
SR S T SR A TR R AT Ke R A R AL
Ny 9 RAET8 I15 My 9 RS- J3 56 s N 9 R
RE ] F75 My RPARAL ST HE, Moy R J156

[F) 3, 2 SO AN SCHE AR S A 9 90°, 3 M it 5
AR

Aegge = Kelogge -Nyb + K€290a 'Mzb
Begy: = Ke3gpe - Ny, + Kedoge - Myp

Gegp = KeSgpe - My, ®)

AR S AR 2 AR TR ¢y CHEL AR
P BN ) P A R e 5 A RD R L M A T SR
w9

Aeg = atan( \/[tan (sgn(Aeqp-) - |Aeq- - cos ¢>|)]2 + [tan (sgn (Aegg-) - |Aego- - sin ¢|)]2)

Bey = atan( \/[tan (sgn(Beg-) - |Bege - cos gbl)]2 + [tan (sgn (Begp-) - |Bego- - sin ¢|)]2)

Gey = atan( \/[tan (sgn(Gep-) - |Geg: - cos ¢|)]2 + [tan (sgn(Gegp-) - |Gegp- - sin ¢|)]2)

PLA 5% b IR WL U AE 2.4 m 3% 2 505 75 3o XTI
Hh PR R T 1 0 A8 8, X B BT 43 S SR P I A
0°FFy 8 M A 2R 50 CRID A A2 1 S 4% P 6 1) 3 A D R AR
SCHE IR AS [R] VR B 2 f e v A R A CRIVE T SC# 11)
T ) S A D BT, T R KR K L RS Y fr i ) %
I LR e, 25 L 6. b, T Ma = 0.75,
M Re = 3x10°CF#/5805% K 0.1928 m) » A
A& B, x5 F B A R T RBCRUEAD 5 R AL
FEI A 1P I S 1 2R G5 AR 1) LR AR T RS e B K
0 A R, B R A TE 0 R B A R R U

)

5 KA 22 43 5135 #) 0.00002. 0.0073+ 0.0014. X T4
6] ) R AL TR 0 R BRI A 1 &R 4 7RI £ 20
BT S 3 2R G R ) L AR T RS A B K, = K
1 22 43 5 24 0.000 1+ 0.0005. 0.00002. 5 [F 7 fx 2 3
FabR AHEL CILZR 1), TEAH R AR, B8 1 30 1 R 48
ETT B RE 7 5 H 22 6 1 B bR e g 48 R, A& IR AT
Je BT 7 F B0 2 AT 756 R U 2 S TR 1 &
K 22 0 1 ZE AR A AE R AR . BHULTT I, SCHE R G
Ao ] S AR T () S0 AN T 20, SRR A B A R R %
A, PR GE IR R S0 AR T RS & O A2 DA 200



%12 jk o J1%%: 2.4 m S KU KA A4k J7R 56 H R 123
0.08 P ——— v 0.9 £1 WAHRBEHIEES A EEEIRER
—— SRR RC,y o o
0.07|— EEimmtEmC, 10.8 Table 1 GJB criteria of the repeatability accuracy of force
107 measurement data
0.061 106 T Y i 240 3
005} 105 BIiRmESe,  BIiRM%ESe,  BIiHMR%ESC,,
S 004 104 O SRR 0.0005 0.0020 0.0010
el 103 SeHEFE AR 0.0001 0.0008 0.0003
0.03} 102 o [, . N
o1 ALVAES VAN IR [CLIWASEES
0.02} — R C ' BigiwimZEoec, B ESc,,  BITiRimZEdc,,
— rsamane, | O
ool . . o PR L ] o B ERE 0.00080 0.00020 0.00020
S 4 3 2 - /‘()c) A 2 3 4 5 Set T 0.00015 0.00005 0.00008
ou
(8 BT 1 B 5 Omp =6+A5=6+A Ny +B- My, (10)
0.100 -0.012 . o e ,
0075 — R C, Ao, of2 Bl A A, MR A AR Rk )
075 ¢ — PR I, 1-0.010 _ ” . "
0.050 | — ABEBEREANC oot Ny FUIHAR F3 5 Moy 1) — JCERTE PR AL, A F B 9 R HL
0025 o I AR F 2T 04 22 3 T L 1
of 179 \ . . S oy AL o
5 o0s| oo TR, R E R L E B 2 RN, B
~0.050 | {0014 WE LR R A
—0.075 ¢ . 120015 Nyp, - $in G + Ny - €08 O = 0
—0.100 20.07476 N
—0.125} 170016 Oy = —atan(—x) (11)
—-0150b—o — . L . . 19017 Nyb
-5 4 -3 2-1 08 2 3 4 5 e e g . e
al(®) FERERY b B PIA A R A7 BB B N 4, 8 — ook
(o) I SR/ 11 70 PE I 5K 250 10) 7 1 R4 AL B 5. HESIRER, 26
L S e AR ¥ N I <
0.002 R R R C, 0.0040 INEE N, X 8 R T DU RS- ) 78 A Bl 2 1
— AR I, NN
Of 10.0038 B2 FRNE, LK 7.
-0.002 | 10.0036 18
6L 5 BOIE P
~0.004 | 10.0034 14| 2o Im
y 0.00329 g 12} 252 0 17N
~0.006 | \-0.00598 10,0032 < 10} — % & N
g sl Xm0 I
-0.008 10.0030 2 6l — 0 om0 Im
=z 180 17N
+ 4 180 17N
B R e 100028 T 2r — o m
— IR B G & Ot
—002—————— L . . . J00026 | _M
5 4 -3-2-10 1 8& 3 4 5 z 0
al(®) 6l
(0) KL F1H M 1 Z 8 -8t
. 10 NS
El6 Ma=0.75. Re=3x10°, L#E ARG EEMHTHI AR —20000  —10000 0 10000 20000
Lk RAREI S 3h 71 R 4R Ny,
Fig. 6 Variations of aerodynamic coefficients of a large aspect 7 BEEBMXEZENRERRE, RENEERME 8
ratio civil aircraft model with the lateral elastic deformation of the ¥Rz

support system at Ma=0.75 and Re = 3x10°

2.2.2 RERUMIR A (22 2 iy D 5 ik it

Gt LI RV ) FAE AN R 2 18] R 223 A7
TR T7 A5 B ) 22 2 A 00 HE I R AR T R 1 D0 RS
HEPE o (H %, SEBR RSP R HEAE AE I 22, nin 8k 3
PEARTE 516 A0 i B 22 o D9 1 36 S 5 v Al 22 6 T
R A0 R~ 22 ) ) 2 38 RT LR RSP RS 22, R
WP I 22 26 0 355 [ A 22 2 A R 2 R A PR O3 o LA
AR RSP 2 18] ) AR 470 22 385 1 9 ], ol Rom (10D

Fig. 7 Summation of the projected balance forces on the model
axis after the correction of the installation angle between model
and balance

758K LK i 5% b IRAURE BLLE 2.4 m i 22 205 7 T8
SRR H A O 1 0 7 AR 568 R 4, A A S A 2 1 T
P, U AR BB BRI RSP 2 IR [ B 2 2 AN
0.033°, L 4 22 %& 1 135 1] 77 & H N —0.001 66(°)/kN.
A 7346 22 80 9-0.007292(°)/(KN -m). K& IE A& IE
S 22 2% F R K R 5% bl ROPUASE AL (1 00 0y £ ith 2k 1
s LB 8y B 9. MR AT LG B, & BB RS %



124 w R B N ¥ ¥ 541 %
% F 0 B TR ) R B DA AR & TR B 1 R A A R 0.9 v
S, A0 A K S e R B 55 B A0 A 3 O, FH ) 08
RAL T R DA R A B R AL R ) o) /’~
AL (AT 2R 0 ) e A B K BRI R T ool oseer
2 1 B3 3 A T 46 P 5 00 160 Ak e A 1 X 6 oal
5, WOR T GRE I RS, ¥ TS IE B A © o3l
23 FRERASHNBT AN ERERIE 02 s
9T YA VIE I G A A 2 A N B 7 VR IV 0l —— BE R A
P, U FKJR 3% L ROBLBLRL, 22 Ma = 075, Re = 3x10° o
o —'Mr%lf‘;szwﬂzmry<Jcn 822 001 002 003 004 005 006 007 008
0.07 1 A 07 C,
0.06 0.6 B9 Ma=0.75. Re=3x10°, ¥R AHI AR RIIEE
05 S TEE A
S 005 04 o Fig. 9 Variations of polar curves of a large aspect ratio civil
0.04 82 aircraft model with the elastic installz;tion angle at Ma=(0.75 and
0.03 o1 Re=3x10
002 o B O A4 7500 £ R o, 0 BE AN 48 A P A
N8y 3 T 0 1 2 3 4 57 F $41 FBE 35 11 TCHE £ 0 FE 8 A0 A4 R KBS
T g e 3 PSR A A0 Rk i ) R A
01009 . W, 5 A 10 TR o S P R BLAR 45 45 )
0075 :@i’/‘*""”i““”“ 0010 Y 15 ) M TR0 5 BN P A e 7 943 B A A
005000623 i, 0011 TR0 48 RO AR 25 7 0.02°LL Y o AR AR T 45 £ £ 5 A8
ol OO ik, Sl 8 I 5 R B B 4
& ~0.025 2230 B BT AR BB 3 R T R BRI 5 R 8
~0.050 ﬂﬁs i 2 1) 22 BE AR 5 /N, A R A R = e 2 ) 2
:2(1)(7)3 ~0.01625 0.016 F0.0002. 0.001. 0.0002. X i BH A & % J8& %5 F1 4047
o105 SO01629 ~0.017 FHEE A B T7 5 SO I A FE 8 I J7 v e A% 2 e B Y
0150 e 018 GRS BRI A
AT — 3 RENHBEIHE
000 —*fé;;:%%'r%?%zﬂln<Jc,, 0.0040 31 ETLMEEPRREEEEITERE
o FITEEARS 0.0038 2.4 m SR B 7 U 08 5 A F 77 SR
~0.002 0.0036 Tk AT R e R S IR B S AR . R TR
oﬁmmwww ‘Wmd W R I, FEAEZEAS AT, RFI0E 8 & 77 17 4]
00061 0.0032 B 38 T I AN S5 B TR AR RS (1) B AR 1% T 8] () 43
~0.008 0.0030 12 JF HARIG I 23 A AN S5 BT J0 KGR i 2 4
0008 L 0.0028 i1, MOS0 PR T DU 0 0 6 AT A 9 AR
P e LI P BTG o T DA 2.4 m 4 2B 75 3 K K B ]
s 443 5 1 0 1 2 3 4 5

ol(°)
(C) TR IR M AR HE F A
B8 Ma=0.75. Re=3x10°, M2t KRR L R
SN RE LR
Fig. 8 Variations of aerodynamic coefficients of a large aspect
ratio civil aircraft model with the elastic installation angle at
Ma=0.75 and Re=3x10°

i@éiiéﬁ%iﬁﬁﬁgwuEéﬁﬁgm)i*//\‘fimé%ﬁﬁﬁﬂ’ﬂﬁ
G B . v Bk, A Tk B B 2 5 Sk
NTF B‘J%?%ﬂﬁﬁﬁ%ﬁ%jﬂz[“, WA T 5T 2otk
(51 1 ) 9 P s o 0 5 4 92,

ANRARE T I E E S FE NS T HRE TR
J RS H A RN RN



H12Mm ik T)EE: 2.4 m SRS R KUR K TCHUR AR AL I R 50+ 125
—C0s g sin By+cos i;sin 6;
AN:NO_Nj:WV (12) VYV =| sin ¢osin Yysin 90+cos¢ocosﬁof-('—sin¢gsinw,-sin0j+cos ¢,-cosHj)
€oSs ¢ sin i sin Gy—sin @gcos 90—(005 ¢jsin ;sin ; —sin ¢;cos Hj)
ANX VX N \ e Vi \
A AN = ANy , V= Vy , g ﬁEPVﬁlﬁ%ﬂﬂﬁﬂ%?“}?ﬂ‘)&@%&?&ﬁﬁﬂ%ﬂﬁ
AN, V. AR RS S A S R R . R
008 0 R R VI KR L AT
AR R, AT LA SR AR RSP 0% L W
F g M txkﬁ_ ﬂ { N N N
007 O A 2 R AP MU Y O AN B S I, S T P B
0.06 BHEMEL it EAREREES T EE ) HERE
005/ - Mo 55 RUR & 55 j A BUR S5 £ T 19 1 5800 S o
S 0.04591,//0,04463 M %6
0.04 -
AM =L-AN (13)
0.03 +
0 L, Ly
002 | Hi,L=lL, 0 -L,| B
L, L, O
TS S T o 1 & s 4 s AM; 0 L. L
a(®) AM, |=| L, 0 -L, AN (14)
CYERIES S AM; Ly, Ly O ANZ
10 v AN, WXV,
— FEE NIk > AN, (=] W, xV, 87 .
ol e (AW W eSO R CE N
.8 I N IS X 3 | z b4 b4
—_— Unbifﬁ+ﬁgﬁz:@ﬁ% 0.71311 - _
’ 0.70903 AM WyXVyXLZ+WZXVZXLy
06 AM,, WX VeXL,—W,XV,XLy (15)
| AM, Wi XV X Ly+ Wy XVy XLy
O 04
NS FFE o et m AR A, ] UK A tHoR-F
02} JIFXS ML) H E W
ol PRI R ZS 19 R0 46 a4 BT 11 Bl s I A
AT EAEIE .
B B T TRV 32 £R/R&MEAFEERL %R JFXT L o5
al(°) TERTUE B AT KA B, X R R AE A R LA A
(OBIEY
v TCIRUIR SRR AN R 0 (A )RR E
010 S 9 T A F A mwmdﬁﬁpﬂﬁ
%Jﬁkﬁ](e/, st ¢/) ﬂ%&m(@” l//os ¢0)
0.05 - | I
0.
S
R e
— P ai=W él, I ¥ 3.
— AR IR Dk
—0.10 | —— AT+ A1 AL IR —0.10129
0.10212 : l
s S -0. 1.01‘)\\. - AR A
s 4 3 2 -1 0 1 @& 3 4 5 T,

(%)
(©) P I3 2 %
10 Ma=0.75, Re=3x10°, REEBEESHUBH ETKRE
% b RAVER S 1 REH AR
Fig. 10 Variations of aerodynamic coefficients of a large aspect
ratio civil aircraft model with the model attitude angle obtained
by different measurement methods at Ma=0.75 and Re= 3x10°

A

| A IR 1) AR,
BE BB

11 XFEPBRFEITESEBENRKE

Fig. 11 Calibration and correction process of the

initial balance load



126 ol | N B = S

41 %

IR O AT A A, B AR RBRIR B A R
A A A 2 A RRIR A A R & E, #
R SERNE R R R HHEZ R, B 12 xR
AN [ V8 e 9 30 BN R SF Bl ey ) 4 1 [E)UE A R &R 3
R X HL 45 3R o 7E 42 R VR 5 F1—90°~ 90°, K F-Hir i) )
2 1 [ B R 6 2R B0 R AN T IR B8 I £ — 900~ 0°%
00~ 90° By - Bl 111 77 2 4[] U £ K 6 22 80 R

TE K J& 5% EE BRATUASE A 3050 vh 43 i) >k 4 Jmy B Mk
[l VA Sy 3508 2 1 [m0 )3 7 vE T H SR SR RS T IR E D
AEA . 0T D ARE Ma = 0.75. 55 W B Re = 3x10° ()
S8 M AR AR 0 A 300G, BT R e B D7 vE e e T
KAV T B (0] VA () AH O Z 88, 000 6 28 my o1 B ) v
PESR . AHELT AR DA%, 1E 2.4 m iE 425
5 P 3 XTI T A R RS 4 M T U g A B ) R HLAR
R RH 7 2 H0th 2 5 A0 RIS AL 7E ETW R AR 3R 151
BH 77 2 B0 il 42 50 g Bl W b U7 v 10 B 0 3 200 22 38
£ 0.0002~0.0003, @& 13 A 7w

300 —
“ —— z:fzi;éé g 0°~90°, R>=1.00000
—e— VRH-90°~0°, R?=0.99998
200F N, o TRTE F—90°~90°, RE=0.99983
S
100
2 of \
~
~100 } ‘-\_\.
200 | \'\_
~
— 00 1 1 1 1 1 1 1 1 1
~0.25-0.20-0.15-0.10-0.05 0 0.05 0.10 0.15 0.20 0.25
VX

B 12 AEREAEELZEDRSERLTE
Fig. 12 Comparison of linear regression results in different

rolling angle ranges

0.026

—ETW
—— FL-62_Jeif Lk k[l - iy 2
0,025 | — FL-62_4 Ryl b [ -4 4ty 2 gef 7

0.021 . . . . :
4.0 35 3.0 25 2.0 15 1.0

al(%)
13 Ma=0.75, Re=3x10°, £B&EE AT FHLEE T
REL 71 F B 2%
Fig. 13 Global and local linear regressions of drag coefficients at
Ma=0.75 and Re=3x10°

4 EzhiREHIPHIHA

R KA B 7E R AT 0% 75 o KGR S0 B, AR 2
Gy RAEARINIR BN, 1 A5 PR ARG 200 7y AR R P f 0 2 0RG E
B 1) T X610 A i R, ™ N 4 R R XU AT 2 4

[ P Ak 2 12 XTI =8 B 4 30400 1) B2 A e 2 A Ji 2
S 38 I BH 8 8 i s AR D HETE IR Bh B A . B
A5 B AZ 0 7O A 38 R FH FE LB fR P RS, TR AL R
T FL P B8 v S B P A AR B g . A9, NTF R R H
T F B e 1F  BELJB B 4k AT e 1 1 ETW KGR B
BN 5 B R A 2 0 R F DL H B R L A R O
fy FEJE s, % B I r P % A B L A
BA A AR AR AR N A] 7= AR 5 R B E S 77, s Tolk
SANBE 2.4 m 3% S 3 Rl XUR 1) AT A E B R
#5335 2K FH I F P & AR 9 BHL G 2% I A% O 30T e A

2 R 1 32 3h 4k 2 40 1) 3 G 3 T 2 B 4 5 f
B IRSD, HA B 14 frox, HET B A G B R
s R AR RGeS . A B IR A% 2 e TR TR SR
i 3t 2 V6], J5 B Rk R 48 22 25E T SOM i o A T 22 1]
JINTEFEE TR G 5 A TR 0 SO i o, FH T 00 A R (1 4
G, H 2 AL AO JHIE, H 4 K. iz 5 M
H SIS 5 I ThEe.

IR T e o W K A R I [ A A A B e
b, SR 2GR U7 2 AR 5 5 Gt [ A 40022 F BH 2 T
SEAR B AL, SR F 20 AR ) B8 AT O B, L
S Z 5. B 15 R 2 s i) 20 07 515 2
455, TE5E 0 s X R G0 N R 523U, 26 2 s T
i, AT WLAE BN TS 2R G 0 5 Bl e D) 2 ek,
BT R B ] )RR

B0t AR S A2 LR AT IR BN H0 R R i, SR
17 B AT 2 1 AL 2 ) 2 B0 AT OR, AR B R A
5V R R S B IR A X S B RS ) A s
il 23 0 43 B, b — RS A A S B AR 25 43 il
P2 1] A 4 ) 5 I 4 ) AR R 3 A o) 28R e T
SR PRSI R, IR I & e Lok B T E
AR S, EHIEHE R R B SE S, RIERS)
R P R L I i L Ok R 4 7 L 45 M T A i R
JIMAN ], A2 5y A AN AR AR RS 4 5, 45 11 )5 B IR 45 1
JE F, g 25 43 O AN [ Ty s, Aot G HB A [) L B, 3 T
UK A 22 B A5 A B A G BRI T F P R e
YEZ)y, SR B PR B (1A i o 4 20 400 428 o) &
GUIEEI W 16 Fros .



%12 4 ik TIEE: 2.4 m S U A R O TRTURS 4046 ) iR B R 127
JENEROEI
S
URERER =i
— T KIgsZ sy
i P L P - L
el Ees f
'\
R HL P T .
HL P R ) w1
fith0o~10 VR - ﬁé%ffb’df
ket il e | RS
|0
B 14 EEIRIIDH ARG EHME
Fig. 14 Composition of the vibration suppression system
N 1)
3t >
2t Y
DN [ a0 e
o 'f 7
i
2 0
g | TR o R AL
Ll l
3L ) ARt s P B e A T 22 A
AR AR A
—4

0 1 2 3 4 5 6 7 8 9 10
EENS
B 15 XAMEAZRENRIZRME

Fig. 15 Vibration attenuation obtained by simulations

K72 b RV AR I A4 Ma = 075, 10
i =4 B AL E) 4o iR 58 26 AF N, RIT R 5TF)R
Al J B BIR A% (0 TR IR 30 15 s Bt B 17 o . W]
IR T AR 5 B A5 2R ) 91 0 e A O 32 98¢ 30 4
i KAEDIEE] 0.7 g I A IR A3 I 2079 0.35 g5 FE Ik
29 50%; Tt 71 BEI [E] A2 A 2 4R35 R AR /N L 18D,
MG 724 1O E 19,

5 HEBETHEERAR

51 BMETREERE
XTI K 52 B L3R B0 KL, B A R ey 56 P2
AR I RRARE A, 72 S 3h 3 1R N AR R K

'

ST AT AN ) L B 8 4 14
Ty AT T

v

JHL BB R Bl

B 16 HRENMEIES RGAERE

Fig. 16 Block diagram of the vibration suppression system

R

R S AR T o KU 56 3 2 P R T
TG (6 Kt AR T R 1B Bl S R A
VESME S Bl 2 (A7 AR 22 5, TR 7 20k 4 K3



128 = A3 S 4 ERAR

0 PERG A 7T, 7% Tl S e B & T 2 I E

04 Tl R A T8, T 2 R VA P WAL 1
(2]
R B 3 2 0 O SR, LI 21 OB RR I A P 24
é—o.z

-0.4 0.82

-0.6

-08 0801 ﬂ/

0 20 40 60 80 100 120 140 J,[i"
0.78

ENENS
(@) ARFF I valAR A, Tk g it psf ) 25 £k 2

T E g

0 20 40 60 80 100 120 140
/s
(b) FFJi3 v v, ok F it e (1] 25 £ i £
17 Ma=0.75, RFBFFEREERRFTH
AR B XT L
Fig. 17 Comparison of the model vibration without and with the
anti-vibration system at Ma = 0.75

1000

— R RS R 5
800 - — KHR IR RS
600 +
400 +
= 200}
-
0 L
=200 +
—400 +
-600 +
66469.35 66469.45 66469.55 66469.65
Time/s
18 Ma=0.75, BiR=S3TFEIRFARERTEIZE 1L
i 4R35 1R B O E

Fig. 18 Effect of the anti-vibration system on the temporal lift
oscillation at Ma = 0.75

BEATAE AL o AN SCHLER 38R AR FEAZ 1R Y KU A 56 TP
A& 5 CFD M4 & 771k

FESLNIPESNE T BB TSR, BT il A5
(725 I AR 45 5L, M R0 7t (B AN P A2 77 5 92 B 30
Fy i MY AR T JA 1) T S RKS s SR A R A CFD T By
BT ERITESNE AT G AN 38 1, P& 2 &
I g AL 38 i P T2 < Bl 0 (K 5 5 e R T %
72 B0 U B 6 S8 4712 15, 19 BRI SR <3l
71 BB IE T SAE W 20 Fros .

g 076+

0.74 ¢ — BP0166_ETW

—— BP0312_ETW
—— B2101038010 00sapFL -6241 41 4 A T J5

— B2101039012 00sapFL-62411 4 2 FF I
0.70

20 25 30 35 40 45 50 55 60
al(®)
19 Ma=0.75 BiR=E3# B0 faSe EW1ER

Fig. 19 Effect of anti-vibration system on the range of

0.72 +

attack angle

HETEVMD

PRiCAAS I PRSI

SR A
!
SR A
| g pte
ST
| IR
s 24 5
\ CFD:Kft
SERMLAHE
|
RS I
| I

CFOK 7

RE WG

fEIER

20 HEEIRTELL M ENRIFRIE =
Fig. 20 Marking points on the model surface

21 HEWES CFD A& SIS TR EETHRE

Fig. 21 Elastic deformation correction process based on video

measurement and CFD



128

B T158: 2.4 m SRR 7R RGE R TOHURE AL 008 BR

20 pm, 7 /N T4 GE AR T bRl AR EE, 6P e 2
P JLFJC 0, AATHIN B AR A B2k 3] 0.1 mm.

TES BN SRR D7 T, 38 A3 e B W AR 25 4
& 7 & UNSMBY/4S #4994 B4 F & ENSMB,
F Al SRR =4k 5 % Navier-Stokes 712, B it £ =W
AR IAT R B AR S FAE. 2 K8 T
HAV IR, 1X P B B B I R B

TEAR T G W A1 T B84 J7 1T, DA 19 4% DR L Al
e AR R I 15 1 B AR 45 IR, R R Y RBF
HACHE e A 7 R BT T XA, CRAIE AR TR S ) A THD DR A
HA B 1 B & 58 Rk H RBF&TFI/RBF&
Delaunay Vi & W 4% 48 % 77 11718 |5 3 4 B8 T8 U5 1
A A o %7V T T B B AR, — T T RE
PRAUEAZ TR J5 A% $0 41 59— Bk, v LR 2 1 78 B
40 0 2 S 0 B Ak SR s
5.2 EBIEIE

K FH A 350 HRH 1 K 5% b R ASE 2 X g 4 AR
TEAE IE 7 A B 04T 7 3k . B 22 A RIS
THE M, SR B PR g M A, 55— 2 S N S
FBLKH 1107 i, fRIE Yy E 1 A

Vel

25 / i
E22 RYRBGTEME
Fig. 22 Computational mesh of a civil aircraft model
23 N D3 Ma = 0.75. % %L Re = 3x10% 30
f 20 LT, ZRHUEEALAE ETW KR AL 2 Tk <
B e FL-62 MU H 0 7 22 5 25 RS b o A v T

7

Bend/mm

_l:“l‘..l...l‘.‘l.“

0 0.2 0.4 0.6 0.8 1.0
y/lL

CRAIESZ

129
01
ok
~ 01}
B i
= B
F-02f
03}
04 L
0 0.2 0.4 0.6 0.8 1.0
y/lL
(OFiES]

B 23 ETW 1 AVIC M EMELE R 3Ttk
Fig. 23 Comparisons of bend and twsit deformations measured
by ETW and AVIC

PLE th, FL-62 XU 25 1AL T2 il £ 45 2 5 ETW XUl
W& 25 Fia s —80, Bl BN E .

XF TR T AR, BT A, A g AR
TR KA B R B EN . 2445 HTH

0.022
- =—Bp
0.020 | —e—CFD
0.018 |
g 0016 |
0014 :_ B—e—e———*"’s\/ﬂ
0012 |
0010 :\\\.I.\\.I.|.\I...\I\.|.|1\\.I.\|.I\...
5 4 -3 =2 -1 0 1 2 3
al(®)
(CBIPIES
~0.0010
1 —e—EXp
i —e—CFD
—0.0015 |-
S -0.0020 |-
© |
—0.0025 |-
00030 bt ey
5 4 -3 =2 -1 0 1 2 3
al(®)
(b) FH.1 254
24 FAREFERHBTIXES CFD i+ EBZIMFE D ZHEERT
e

Fig. 24 Lift and drag coefficients obtained by experiments and
CFD simulations at different Reynolds numbers



130 ol |

S 4 # 4%

i E Ma = 0.75, A~ [7] 75 18 200 T+ 77 R BOFIBE ) 2 %
(7 5 w0 C B o B 38 R Re = 8x10° I [ {H IR 25 Re =
3x100 I BB, BN R SR A T R 2 B
FIFH ) R H 22 B o T b Bl 28 i B 45 L, 20 € it
LN THE g R, 0 b S ARG 25 ORI, P Bt
N REB RN ZEFIEARLE 0.003 LLN, R ER
1) 2 F B AR AE 0.0005 LAY - 5] S 22 55 1 32 2R [ 2
THELN R e i B S AR T, G T =X S8 ) B8
A FZ A, T 6 AR A S PR R R AR T SRR T
25 9 Dk B Ma = 0.75. 5 1 4 Re = 8x10° L.
DR T BT R R s v AR T R S R B 1 5 iR 56 4
R XTEL o T 26 SRR 56 I A5 U ML 3R 1R 40 A S
A . I 27 AT DL Y, 300 28 T 4 15 1 3
A ARCHL G, AL 3RS T Y M A R, TH ST A AR TR

1.0
. EXP
0s | CFD-undeformed
- CFD-deformed
0.6
o 04
0.2
ol
0.2 [ 1 1
-4 -2 0 2
al(°)
(CBIPIES
0.05
i . EXP
- CFD-undeformed
- CFD-deformed

0.04

5003

(Y073

al(%)
(b) BHJ1 7%

B 25 HEAFHRIEREEER RS Sl HE
Fig. 25 Comparison of aerodynamic force coefficients before and
after elastic deformation of a civil aircraft model between
experimental and computational data

20

15

10

Bend/mm

o
LI e

yiL
(&) T

———— EXP

y/lL
(b) HF S

E26 RIVKEESHTHAVNERES S
Fig. 26 Distributions of the bending and twisting deformation
along the spanwise direction of the wing of a civil aircraft model

J& BN S9N, 5 B i . 455 K] 28
Hym vT OBt T R B ORIB IE R 4 8-0.032, FH
1 RZH e KB IE & Z1°8-0.00398., th4h, & 27 Al 28
(1 E 4 38 7R, A SR EE 45 SR 5 %A A AR ETW P A

0.9
08}
07}t
06}
05}
L 04t
O
03}
021 ——BP0166_ ETW
01l ——BP0312_ ETW
' ——B2101030002_00sap_FL-62
of —— B2101030003_00sap_FL-62
B2101030004_00sap_FL-62
—0.1 ——B2101030005_00sap_FL-62
702 1 1 1 1 1 1 1 1 1 1
5 4 3 2 -1 0 1 2 3 4 5 6
al(®)
(@ &JRE



128

ik 7155 2.4 m g S XU K KRS AL I 7786 B AR 131

0.10
0.09 |
0.08
0.07
0.06 |
O 005}
0.04
——BP0166_ETW
0.03 ¢ ——BP0312_ ETW
ooz b ——B2101030002_00sap_FL-62
: ——B2101030003_00sap_FL-62
001 L B2101030004_00sap_FL-62
——B2101030005_00sap_FL-62

93.4 -33 -32 -31 -3.0 -29 -28 27 26
al(®)
(b) JRiFBHCKIE
E27 Ma=0.75, Re=3x10°, XR3Ztt RHERIZE FL-62 70
ETW BIF 71 R 2%
Fig. 27 Comparisons of lift coefficients of a large aspect ratio
civil aircraft model measured by ETW and AVIC at Ma = 0.75
and Re =3x10°

0.11
——BP0166_ETW
010+ Bpo312 ETW
009 ——B2101030002_00sap_FL-62
—— B2101030003_00sap_FL-62
0.08 | B2101030004_00sap_FL-62
—— B2101030005_00sap_FL-62
0.07 |
& 006
0.05 |
0.04
0.03 |
0.02
oog b o L
5 4 3 2 -1 0 1 2 3 4 5 6
al(®)
(@) &
0.0230
——BP0166_ETW
00228 __Bpo312 ETW
0.0226 | ——B2101030002_00sap FL-62
: —— B2101030003_00sap_FL-62
0.0224 | B2101030004_00sap_FL-62
——B2101030005_00sap_FL-62
0.0222
¢ 00220}
0.0218
0.0216 |
0.0214 |
0.0212
0.0210 - - - - - -
36 34 32 30 28 26 24 22
al(®)
(b) SRR E
28 Ma=0.75. Re=3x10°, KEZL RYERIZE FL-62
ETW iXBERYBE 1 R th 2

Fig. 28 Comparisons of drag coefficients of a large aspect ratio
civil aircraft model measured by ETW and AVIC at Ma=0.75
and Re=3x10°

)R 25 A 06 225 SR B v & P A v, 1 R XGTIA FA)
ZHU 25 29 0.002, BH 1 & B % £ 0.0002.

6 & it

fiii 2 TS Bh e A N 2.4 mid 4L 2 7 38R
BATHRE S AR K T 2 DU H AR, HFIH K Z R
BUASE 2 5 4% T R BT T B8 30 00F, 19 2 LR 458

1) 283 5 U B AN A IR 4R M B Ik R 30
558 55 FRCAN R P B A ARG P R R AN R G ) 2 AT
JE A8 TE M, R B 9£0.02 pV/V/'C, Nz % sl Ak N
MR RS IR FE NAS IE, SR E R K ()32 1T %
AR AR DA KR P B R S B2 U 3% i AR A
SO, P )R RS IR B R 0.1% KF.

2) X TR LIS A&, A R AL KA R AL A
S5 1 B 7 vk S S A B R N g i, R
R4S (AR AR 3 £ I 22 E 0.02°LL I

3) JaiHB 4R 1 Bl UA 77 vk AT DA Ak v 8 A IR
AT RSP A B TH AR, T — P i
BN 1R T SRR

4) K PR B AR S R, el T 70 3
I 0K BE, PR 98 T A58 A Y

5) PPN S5 CFD B IEH AR, 773 H
T RS TS B s e, A R R T e AL
I 7 A R A

6) 2.4 m 3% 2L 20 00X 190 R 50 A0 A
IA B BB I ey 3 RG] R AR XU I g S 56 R R 4R
PR )CGIB 1061-91) [ 5 k5 i 2 3R (PE4H 3R W& 2) .

R2 24 m EEXEHEERRERVREN LS
HIREE MR ( Re=3x10°)
Table 2 Repeatability accuracy of force measurement data of
a civil aircraft model (Re = 3><106)

FH ) R %k PAPAE S 3 REA F356 R 3L
Whitimzoc, AR mZESe, BRI ZESC,,
G TRIR 0.00050 0.00200 0.00100
vt Eizp 0.00010 0.00080 0.00030
Ma=0.5 0.00004 0.00030 0.00017
Ma=0.75 0.00002 0.00016 0.00015
Ma=0.8 0.00004 0.00033 0.00019
Ma=0.9 0.00009 0.00030 0.00017
GALPIES I R L IwAEES
WI%Esc,  ¥Iim%Edc,,  BHRMm%ESC,,
R Eit 0.00080 0.00020 0.00020
Je itk bR 0.00015 0.00005 0.00008
Ma=0.5 0.00016 0.00001 0.00001
Ma=0.75 0.00017 0.00001 0.00001
Ma=0.8 0.00021 0.00002 0.00001
Ma=0.9 0.00027 0.00002 0.00002




132 LI ) BN S %41 %
2.4mi%E %z 5 ﬁ:‘% 75 I XA 5 X )I@HE 1AL 11 ) jj iR thermal gradient compensational algorithms and techniques,

R AR, 2 — PRI 72 K 77 %K
s A RO AARAIE TR LB B8R 19 7 E s
JRi . FAh, XL R B AR R T 2.4 m 4k
25 75 T KT, A AT DA - At S 3t )3 8 3T

o

4

(1]

(2]

(3]

(4]

(5]

(6]

(7]

x X wk:
. B XIS B HOR BT (D] dbat: JEa i
KK, 2020.

CUI X C. Research on aerodynamic design technology of continuous
transonic wind tunnel [D]. Beijing: Beihang University, 2020.

FHEFA, 2NN, KA e, S5 IR A A SR TR e F R
RO AME S TERORIEFL ). AL B2 H0R, 2020, 31(12): 26-32.
WANG Y Y, LI X G, ZHANG M L, et al. Research on compensation
and correction of zero temperature effect of axial force element of
balance with uneven temperature distribution [J]. Aeronautical Science &
Technology, 2020, 31(12): 26—32(in Chinese).

AR5, R, A/NN, SF RP R R RN AMEROR (1], BT S
52241, 2018, 38(3): 119-120,124.

LI Q, CUI Z Q, LI X G, et al. Technology on zero temperature effect
compensation in balance[J]. Journal of Projectiles, Rockets, Missiles and
Guidance, 2018, 38(3): 119—120,124(in Chinese).

doi: 10.15892/j.cnki.djzdxb.2018.03.029

Zeal, Zm, PR, 55, AR PR GRS AMET 7 )] L%
5, 2016, 22(7): 14-17.

LIC,LIQ, YAO C W, et al. Study of temperature drift compensation in
strain gauge balance[J]. Sensor World, 2016, 22(7): 14—17(in Chinese).
T, R, P SO, A XGRS B AR TR T IR RE OR 2k 1 2 IE
WELT]. BT 5 TR, 1997, 17(4): 58-60.

LIU G J, CHEN M R, TAO W G, et al. Linear correction method for
temperature effect of strain balance in wind tunnel experiment[J].
Journal of Projectiles, Rockets, Missiles and Guidance, 1997, 17(4):
58—60(in Chinese).

U, KIS, . 2 T URARIRAD B T ARIR R B ) Jo A #miAy
3T 0], A ERLAE E, 2017(22): 89-93.

YANG H S, MI P, XIANG G W. Thermal strain analysis of resistance
element of cryogenic balance based on deep cryogenic physical field[J].
China Science and Technology Information, 2017(22): 89-93(in
Chinese).

doi: 10.3969/j.issn.1001-8972.2017.22.034

HEREFORD J, PARKER P A, RHEW R D. TIGER: Development of

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

200400865533 [R]. Hampton, Virginia: NASA Technical Report, 2004.
BB KGR R IM. B 5T BB Lolk H A, 2001: 1-9.

HE D X. Wind tunnel balance[M]. Beijing: National Defense Industry
Press, 2001: 1-9(in Chinese).

AREIR. PR AR R P B R B R BRE R FE A M2 (D] VEBH: ZRAEK
%, 2015.

XU C J. Design and calibration of strain gauge balance system in wind
tunnel and temperature to sensitive compensation[D]. Shenyang:
Northeastern University, 2015 (in Chinese).

HidE, B, B, 5. IR E R R R R AR R PR AE
AR ALSAXR 4R, 2022, 43(3): 153-162.

MIAO L, MA T, XU Z W, et al. The calibration technology of wind
tunnel strain-gage balance under the action of thermo-mechanical
coupling[J]. Chinese Journal of Scientific Instrument, 2022, 43(3):
153—162(in Chinese).

FOSTER J M, ADCOCK J B. User’s Guide for the national transonic
facility system, NASA-TM-110242[R].
Virginia: NASA Technical Memorandum, 1996.

k71, sk e, AL SCR. KR D3R5 B EAE BT AR A Cl) -
ARSI A R E) J1 22 We SCEE. RS i E = A8l %42, 2019.
PARYZ R W. Recent developments at the NASA langley research center
national transonic facility [C]// 49th AIAA Aerospace Sciences Meeting

research data Hampton,

including the New Horizons Forum and Aerospace Exposition. Orlando,
Florida: ATAA, 2011.

doi: 10.2514/6.2011-877

BOYET G. European strategic wind tunnels improved research potential
program overview [J]. CEAS Aeronautical journal, 2018, 9: 249-268.
doi: 10.1007/s13272-018-0305-4

OB, 5T, EE. SR BT ST & ENSMB i [Cl/ hE 1%
FRFARK L 2009 WS ELE, HM: HE 12, 2000: 344-345.
EUB, KT, EE. 2 B EARLE RAUR TR A BE B i B
WAL I, A 7558, 2009, 27(2): 5-8.

HEEG J, CHWALOWSKI P, FLORANCE J P, et al. Overview of the
aeroelastic prediction workshop[CJ// 51st AIAA Aerospace Sciences
Meeting including the New Horizons Forum and Aerospace Exposition.
Texas: AIAA, 2013.

doi: 10.2514/6.2013-783

CHWALOWSKI P, HEEG J, WIESEMAN C D, et al. FUN3D analyses
in support of the first acroelastic prediction workshop[C]// 51st AIAA
Aerospace Sciences Meeting including the New Horizons Forum and

Aerospace Exposition. Texas: AIAA, 2013.

(A ars: B a&)


https://doi.org/10.15892/j.cnki.djzdxb.2018.03.029
https://doi.org/10.3969/j.issn.1001-8972.2017.22.034
https://doi.org/10.3969/j.issn.1001-8972.2017.22.034
https://doi.org/10.3969/j.issn.1001-8972.2017.22.034
https://doi.org/10.2514/6.2011-877
https://doi.org/10.2514/6.2011-877
https://doi.org/10.2514/6.2011-877
https://doi.org/10.1007/s13272-018-0305-4
https://doi.org/10.1007/s13272-018-0305-4
https://doi.org/10.1007/s13272-018-0305-4
https://doi.org/10.1007/s13272-018-0305-4
https://doi.org/10.1007/s13272-018-0305-4
https://doi.org/10.1007/s13272-018-0305-4
https://doi.org/10.1007/s13272-018-0305-4
https://doi.org/10.2514/6.2013-783
https://doi.org/10.2514/6.2013-783
https://doi.org/10.2514/6.2013-783

s
Ar
N0
=+
3
B2

% 12 i 133

g 2023 EEHRER

20234, EHFRERX —WEREWRAIRT, (ZAFAFFR) GREZKT 2FNHHEFELHE,
R#tEZNETLZFHFHEROHEAFES, ARAZHFHEEX, E—RFRIELABANT ¥R, BHE
T, B, EEMEEBAFZHER, (RGN FFR) FEBLEECHREFTRERNET R
ERMAE! mEFMNEREE, TEBRFE, TAERNEW, BUZFHHE!

A BEH WO 2 3 7 R F 7 B KR
Lol R B HHE FH K X M4 I+ 4 I KR
ZRE B A WE | £ bk ki b Y % o

B B £ B FXF EXE ;7 & 45T k £
AR D # R FH =i TR K IXE & kBTG
B wEE R e EPS- e T W % & &
B X Aok v # % ZER N TR B FTTH % E KAt i
I ) 4 & # L FHE F Ak T T4 L/ KM
BT % A # # R EW-Li EER T % o EGA
(R R TH & EHE ® T P B F I 14 &
# X F 2 & A P & JE AR N L/ Tk

C z W KA HEF B = JENE, I=M X E KFEE
EE A #ET # XK A BRF C ERN R KAEH
IR T —# HEHE X EH EZ2 R K TEX Y i EEE
TR Bk J x| A F AR H AR A HENR # /NI HEE
A B F K x| RS HoE Py N # /M &
¥ Ek B 5 R x| 4 Q % E 4 L% e E ML
R F F L x| Ak S W ZACERD 1t 4 Bk
oA Z b b x| Bt TR R A (H AT W & B
Rl BHEMH ET % X ¥ "W 2 F o T BEH
B i G EPERAs A % % A OH EX L T FE 4 B4
Wk 3 Wi = 1L iR K XAl 4 JE A A VL5 RNE TRE P/
WR 3 41 EEE (EREE 4 x| # JE 36 & A2 ARE T B FiR X
W 4 oo Lk B x| L AE R I E X ? O
51 TR B RIK X F TEH . B iRk AT HHER
Bk moH L Ak 51 A E EEE 1 & Bk X IES JE R A
W4 S HR A T4 4 E IARK H ot froeE JEl
R X T B S ITAR H A HEE JE 4
oK EE % B 43 ZNE T M #oW FoHIL JE L
Wt X FH W L B 5 W T & FEH P 4
B 3P FE ar & kA B iRk H UK ITHE RE L B4 &
- H F i B A h T R z i
W o R B E P o # I % RIRE ¥ &k &
PRk 4 S * & BitH A THE 4 EEh EE R
EW R E . B 5 9 HEE R % e 7 ¥ 71 EERAE
2 72 B i I ES R M 4T M F ¥ Pk g ® % EiS S
7 7 T N Iy k5 =N E T [

A2 BT MEE FHEE Sk RED F 5 A HAnE O

(BRI HFFR) FEB
2023 £ 12 A



134 ol A B B I ¥4 B

(Z=]3h N FEFWMMERE N

(BN BRI 19804, EWAMAITRAT, AHL Faceolit]. ERERZ . A 2
AR PR AR B 5. RS TR SRS NS AR EEE SRR R AR, Dl
BRI ERR R R G HAR RS X R e . B EERESE: LR, RS, MRt
RBWEXK:

A BB RGP SOE AR ERBRZ T 20 7

B. W . ERIEE P SR EME SR ENS®RE, BENEREANZEX . BN AR SR G0, MENS
AR SO AT 9 VRIHT I AR N A NS5 18 . 3 SCH 82 /0 I A & v SO B T A N 2 O EL AT DU I TR 4
SR SR B R IO AR A e 05 A AR S R A T B — R e R S Y SO O I R O L AR
SRR A K B2 A SR K 250 ~400 A (Z Ad 2R 5T40) .

C. 515 . XMEWNIMIFTTIRIIEIEZ 20m E W, 515 /S al REAIA 5 DL T A& AR HESE TAR 3 5 1
Bl 68 B i B 5 A O U T P9 AM A AE 5 D e BRAR BRI R R4 . T A E T AT A B B
R E S VR T AL BT,

D. IE3. IESCHEMAEHEIE H B J5 ik / BB A5 R/ 4598 . SCR S AR ZORTE 5 W L o8 %8 SCrP 2 IR
IO 75 3% JRUER S 2 TR L S0 R R AR B RO T S 5 o iR d A T ) 5 4598 W1 L OE R LS SURE Y
2 RS B INAE R . 8 SO R B ST AR A ORI AR AR B B SRS O R 2
KA SO FE I 45 2R+ i B A FEIR SC T AR A A A A A2 R I R R R BF 5l B K 7 1)

E. %30k, SO & SCh b BURT KGR 5 5 5 2% SCI T 23 PR & VB4 VAE V8 L TUYE L doi SR L
TG 2R I 5 27 SCERIE WO A0 T 15 28 s GBI AR 2 TF A 32 19 35 A1 5 v SCSCHR IS 4 R R IR A 3 S0 3

Foo 230 A MER HAE S T 78230 h 4 0 B 45

G. B, BRSHEMA R IFEBCR R QEER R 2 HERAMTT 600 dpi. FEHiHC ST LA 3:2 3 453 NHL.

H. S — A P Sz i B TS 2 2 B s o

Lo DUBUIAL 55 ]38 SO 52 5 4 E B 300 H L TR WIPE 5 A7 00 VB8 BT 24 D VIRURR VB D 1) » B E AN Rk L
PS5 | 5 T 1 R4

BRESEmM:

Lo B ORAR 1F 0 S0 OF H N A5 3R TG B AR AT L AR b2 e . 21— 2 4.

2. B R B0 75 3 3 7R B LR 35T heep: //www. kqdlxxb.com/ 535 T IX FE 0 5% L OF 4251 =
A1 S 3R B A - 0T 225 0T B B 4 i 7 AR AR REAT o ORI 4R 52 SCE L TR G opd ! B L doce 6 30
Sh, WRITAEE AN (RafERRAE) MEE— TAF A RS Ip i B s ) (DRE S AR I R4i 4T
BLLE B Ak bAfo SEAE RS TR B0 B IS SO R 1 e R DS DRI PR 2 o A )

3. WPF AR H R SR T 3 A PURE AR BRAS B MR L Al 3 DA RSB E R AE AR T AL B
{EL 75 368 R S 6 4

A, gk T LU o 3R B RF 6 P HURUE A5 AR A B A 3R R E L 78 2B BT BT ST AL T 94
WAL,

5. (a3 AN 2 O B Scopus (2 AR OERERRD ) (5 5 #d (Chinainfo.) 5 S8R W TIRE A 204l
JEUSCsRe VR 3 5 VR AR P 3% RAS TR B — PR 25 458 R e 7 1

2 G5 TS £ Hb 41k 2 (621000) DY NI 45 BH — ¥R R B 6 5 (5 R sl I 2 ) G B A, I 4 XL §E . 0816-
2463375, TAEMBAE : kqdlxxb@163.com,

I S5 B R A A

(22 By 2 5400 Gt 4
2023 4 12 A



R GZIE
L2 R E SRR ST T R BHAH T oo INERE, BXHE, EEE, BEM, BHAR, MK
im{t@%ﬁﬂﬂﬁ@“i&*ﬁg%ﬁ%%% ....................................................................................... %‘ ﬁg, nggg
JRAEREL ) 2 J8 J CFD ZERFE BT R R RIILIT e oo BEH
TR PIE = o B jorid. 9 BRI, KA, HES HE, BB TEE RMR, AR
A B PRI OB ORI T B G oo oL, BEE P % R OZ, FTH
%‘ﬁ;‘gﬁ:g@mﬁ%tfgﬁﬁﬁﬁ%ﬁ}ﬁﬁﬁi{wg‘iﬁ: ........................................................................... éé,fﬁ g& , gK ﬂ'—z fgf
MRIEX
6 SRR TR G B BRI oo EOW, LK, Fow, B fk, ARE, BRER
T B A AT IR A BE T T HE - v MEL, BT, LW
%ﬁﬂ&g)}f;{ﬁﬁﬁay\:ugcﬁiﬁﬁﬁ .............................................................................. FJ’&EE):L S E )i}if.% s E}%ﬁ— s XIJ ﬁg_?ﬁ
I A RS R T BRI I STIRIITE oo B IR, kEH, ERK
GEADLR IS AT AT EANBIAGHIFGE oo voveereeermee e IRE, £ 4, % E, T B, 2HEA
T i) KAFIR I A 2 I T BB BRI A J7 1 oo I of, FEM, IXE, kG4
TR AE BT A B THRE B R IIFE oo X ET, K, BAA, £ R, KHE
5 AR LR R SRS BRI N TR BN B AR oo $EE, 3 B, 4HX, HEE
JELEHIES B CPR J5 i 0 T BT BR A FF R PR BB TTAJTI oo BFEMR, #RE, KEF, THI, TLEK
HET PHengLEI MR RAAS FLPABRUKIIRITEL - oveveereremesemss i X EHE, NEE, METF, B4R
EAA TS R AGE R Z AL GIBBRERFTE oo A%, Bol, Wk, Tus
CKDO — 5 R B BB T BB TR v e e e e e E
A AR REAR BB S AT oo HHE, F OE, KB, 2R, HER
Iy L P A W SR S T HS B B XU IR SE oo O, B B, 5 &, om W, BEN
o e PR R AR LR AR P AR 310 UG R LI oo kOB, REE, & F
T 2 28 KGR RS ARG AL oo FEW, BOE, T OB, 25K
B IR A SRR A AU SRR IR R R oo £k, T, FE%, E T
AP AT AR PR T AR oo o4, &L, xR, BO%E, AEX, BRER, SE4
S S YRR LRI T M ORI I I oo E T, ELE, FAT
L NI BEX A 600 2 L2 25 TR RAVT 91 4 IR AC 2 SAMERB AR - oo O, K B, BUE, FAK
ARG PR P B WL P KT B A G AR M oo MR E, BESG, B %, Bk, GEL
— KB [ 38 IV SR BB Riemann SRARSE BRG] - ooveeveeeeeees e, A, K, = K, B OB, Wk
ST R S B SR FE T TR SIS EEAR T <o xS, B, XRAE, B
HUBETEILA R R G BB AITZE oo YK, RS, i, BPRA
R B 3 SR ) TR R 107 R B B BAGAL -+- oo oM, NER, U8, A @, BEE
FET o DL DR AR B 25 MBI B AT oo DREE, T, Ry, Bik
H 3 B R TIR G ST IR oo oW, B OF, AelF, T4
LA PO b TR B =R WENO BRI FUBFFFY o veveveremessss BEAM, B o4
BB B B FTIRAET oo FOE, ERF, T B, RuEF, KEH
WENO 2 B — T B P T B HURE ] oo xjEE, RAE, £ OE, LEK
@ﬁ%ﬁxﬁ*hﬁgﬁﬁgaﬁ:@%ﬂﬁ E"JX{( thﬁm ....................................................................................... gﬁ WJ s :J(/J\H}% HEEli
%Jﬁ)ﬁ\/ﬁzjﬁﬂﬁ%ﬁ@#ﬁﬁﬂgﬁégﬁmw ..................................................................... 5‘<IJ Jg»ﬁ s ﬁlg e s ? gg . B3 1,!9
FET AL LR IRERIE SRR oo BEE, FWA, 1 B, T4F
A S5 R R AT R A B T 2R v BAA, K, KER, 2EHE
AN HXTT FW-H 7 D7 P A BRI J7 1 oo MEE, THH, Mk, 4RE
ORI A, T PRI U B LB oo HAK, FaE, hXn, SFB, 4 %, =

(I -D
- o
I - 1D
- D
(X - D
XI - D

-7
I -86)
1 -93
CI-101D)
(I -
(I -12)
(Il -2D
(Il -29)
(I -38)
(Il -53)
(Il -64)
(Il -75)
(I -83)
CII -90)
(Il -98)
1T - 25)
(III'-33)
v - D
(IV-1D
(IV-3D
(IV-4D
(IV - 52)
(IV -64)
(IV-173)
(IV -84)
(IV - 96)
(IV-104)
(V-1D
(V-12)
(V-20)
(V -35)
(V -48)
(V -59
(V -68)
(VI -16)
(VI -26)



AIRE-43 B BEASHO OB BRI - +vvvvevorseene s Bk, kus, AR, BAE
KU LB AT SR AR M T 0s - v v A B OWIhM, ARRE
ééiﬁi-%ﬁgﬁﬁﬁ! RAE2822 ﬁ%ﬁﬁm .......................................................................................................... =
HADEAET TR I SBIDEFERUMBAEAGIIL oo EANE, B, HiE
He T L ITIE A IR RGBT A oo wmo&, % %, BT, Koo, ®ob%, EXE
FET AU T BAESE BRI B TGN - ooveeereerrerrssrses EHE, & R, NEE, BE®R
—RH T TSTO a5 25 CFD HA RIS SIS ABIAR oo EOw, Kk, KAk, ANA&, A Rl
R IR A B B R — e fFrE, EAE, FAR
B P [ AR)Z IS CRM-NLF XGRS0 PRI - ooooeeeeeemeeeenes X, RAERM, A &, AR
SET IR 2 28 T BRI GEPRTIT TTIE oo BaE, ¥ #, 5 W%, Lk
FET IR 22 P25 ) e AR R e oA, Bk, £ R, B B, BE4, AE#
B [ PR TR AT ARSI FESMIT +-ovvvvvssss s B, A, WER, RAE
R 6T R A SR o ooorovomeee Bk, KEN, KER, REK, KEE, AEE
BYSTU L BTG BT AT - oovvveeoeressssssss Aok, E4H, BEA, TEE
5 AR P TR A BETITHE RS STk oo FORR O, BTER,E MK
8 m x 6 m AL B LHEHLGIES TARIAL -+ ovvvvvveeeen WEk, #EE, WK, EAE, FAE, 2 A
SY IS A BRI TIRERESIHT oo KT, EHE, BEE, B, EXHE
BRI TR RHIREI A BRI HGBET v eeommessssscommes WO, HRE, HE
R LB P T RAEORLR RS (55 18850 ) = BB WU B s ORI R RIS T AR <o

.................................................................................................. ? %’—’ »X%/fh’ ?ﬁ% ;—;’ [j/ij:\l;\lg‘_ggi’ ﬁﬁ‘:ﬁﬂ
BT YRS BRI R T e OB, BEE, E U, RIWF, KU, LKE, HEW
BT PATAE A 7 B ORI R o vvvvvvveee %%, M, ADNAN Khan, 4 /%
AR T HRREHRIIIII -+ oo ¥R, ERE, B B, EEY
PR AR BT s Ko & R, K %, Ik
SRR S AR BB S FR IR <o v e wooB, B F, wHE#
SETYIER E ZIL CU BB v e HER, Hx, #E%F, 0 #
ST B UL ML) Bolund BpTEBATH ++rvvevvvveesssssicnn Eles, B W, RER, K 4, HEH
LR A BRI TR ATRPERESE ++ovvvvvveveeenoeeeon E%F, K, MER, AEX, B &, WES
PSR T HIR S5 TR MR BRI, ++++oovvvvessn BXE, & A, #0F, KN
DB 05 LR DA E A +++oooovvvvscnns WRM, WRA, D OB, B %, BEL
PV 3K L5 S0 M X BHAW U 3% SO IR A BT S oo Xk, BoOF, kO, B
%ZJ:—‘[%‘ mrﬂ%ﬁﬂuﬂ%ﬁﬁﬁ(iﬂgéiﬁmﬁ% ........................................................................ Eﬁ%—:ﬁ%’; S =1 /'Z gﬁ s 2{‘ E\i
L BB A SRR GBI oo HEE, EbM, AE, B
T H FEHAE LSWS FILEIITE RS CED BETIFIE G IR - rrr e

-------------------------------------------------------------- ERRE, Bk, BRE, FEE, PR, £ B, DEF, 4R
GO IARAE CHN-T2 BEE oo dam, B4, 4AR, Ik, B T, K M, BRE
NN NERERTE 2 O RO SRR 27 1 5 S 25 NELE LR HEEK, I E, ZAF, AR, £ #, kAR
DU TR PR AR S AR B AL TS+ v e HR, WEZE, HIk
D A B P B 5 B TE AL S R BRI S oo A=, BXF, A%, #4F, £ B, £ M
FET RVSM BT R BGIBUERGMA I T 1 o oevveeeemsrs e YHH, TER, KEE
O3 m FFRRTE IR R ++++vvvvvveesss s B, BB, £ M, $4E, Rk
S LA R SR S BPREEEROBAID oo ssssssmnnn s WALH, HEEE, BREM, EHH, HAT
A KIS SN BB IAS A T oo oommmm s HEE, HHH, KED
I P SRR PRI oo B, EME, REE, REE, KEE, B B
IRV = G RTBIIUTIT eeerseernnses kg, BB, ATH, £ B, E ¥
KA R TR S MR IR e H %, 85 #,x T
FRTEE IPDG Tt D B AR s (R oo AR, TASE, A, XESR, 2, FEH, BOH
— I ZIE CPR AT KBTI S TP AR E HERIFSY oo TEK, KR, T o4, RKE, BEH
FETIREES ) 1B - PR A 1A 1E CAARC ARBBE i A A A oo Rimge, & fF, BEW, & N, F #
T B N T AR A B T I L TR e HEY, x| F

(VI -35
(VI -45)
(VI -55)
VI-7D
(VI-8D)
(VI-89)
(VI-102)
(VI-109)
(VI - 36)
(VI - 48)
(VI - 56)
(VI - 64)
(VI - 74)
(VI - 84)
(VII-93)
(VII-102)
(VI-112)
(VII-120)

V- 71
(VI - 87>
V- 97>
(VlI-107)
(VlI-117)
(IX - 20D
(IX - 30)
(IX - 38)
(IX - 48)
(IX - 59
(IX-70)
(IX - 82)
(IX - 96)
(IX-107)

(X - D
(X -15)
(X -30)
(X -42)
(X -52)
(XI'-20)
(XI-28)
(XI-36)
(XI - 46)
(X[ -56)
(XI-7D
(XI'-80)
(XI-94)
(XI-103)
(XI-116)
XI - D



BT IR E RN S 2 BRI 008 A LB T oo A, W W, m %’
AT Newton 7 PLPERRBCAHRTIZE -+++vvvveeemseeeneee e Btk BRE, KEE, TR, DFAL
e o T L FHEW, oA, Kew, I
AC/NS-DBD %55 F- UM 5B 0T YR M REREAFRE oo HAR, WAK, 288, HEe, B W
SR XA RRE IR BRI R ERRAI oo oeve e W, DRk, & W, KER
$Eﬂ%ﬁﬁ%ﬁﬂ}%{ﬁ?jﬂ@lﬁ% .............................................................................. ;(rj 1% s ﬂ /'g s % %t j;: s ﬁf ;,;‘Z
R E=—FMRUE 5 A

2.4 m LB IR BB GHITE oo k7, HXK, FRA, Enk
SEATRHIR: @ 0.5 m Dok 6 Ludwieg BRI GRBMIEREI - oooeeoeeees s

.......................................................................... —g—ﬁ_ﬁ’ gﬁﬁkﬁ%’ ?@J@J, ﬁ\,]}(%’ 1@%%’ ﬁ%}@ 2 A
Tt 2 R SR RS ARSI R TR oo vveeveesmesmes BAR, "t M, FE, KKK, KE®R
3 m x 2 m Z5PKRURHRI AT HEE (2020-2022 4F ) wveeerivvreesineeens Nz, £ W, 5 %, KFH, EFRK, FHER
5.5 m x 4 m 7SR AE PR B HUA A AP R BRI BT TE FBRLIE - vovveeossomesosson s

....................................................................................... ﬂ @%, ivﬂ,j]_,q:_’ TKET, EE%, KOPIEV Victor

MREE—AN-MBERFBIHES S
BRI HL- AR M BT FEBITELRE o ovvermee oo Ik, BREM, £ &, & T, £ED
JE LI U2 SR B ZE AR AL -+ oot S, T4
BRI FHITIZ LTI oo 2 @, 3 %, % B.A F, Ifg
T CVG HMHBRH BRI -+ evesreees s mE, k B, DA
ﬂﬁlﬂ%ﬁﬂ)r}i—ﬁ/ﬁibiﬂﬂ‘kﬁ?Eﬂkii%‘fé?éﬂlﬁﬁj\#ﬁ .................................................................................... E ﬁg 5: X fjg{ &\ 1'?:
MAREE—SBERSEIBRREARSIHESI T
TR PR O 3 BB IR AR - vvvev e WER, MAEE, H %, KM, KME
TSTO FHSNBIMAE AL TR FHRMAAFHESIAT -++-vooveveveeesne TEE, KKK, B B, OB, BEH
35T PSPITSP WL TSTO FFHEZLI S8 B FHAFHEIRBRIIAT oo R, KKE, WHA, ¥ @, K &
TSTO GBS TSR DTEAIHT - vvveeeemeeen AL, FHE, B OE, B B, K, 38
MREE—RKRVEHRHEERFER 70 BF
BN BRI PUE BT AP S BAR B SEIGH --oooveeeeree FEF, M, FEMK, DHE, 2N
WA AT AL TR BB SR e FIRE, RolE, umf, REH, £ B, B—K, B Kk
KIBBAUBARTEA A T RIFTE AR oo RER, A, £ #H, K 7, KIR, A%, X#, kK #F
R A E R T BB A AR oo RS, mhefe, B, M, B oAk, EXE
RETHI T 125 | S0 0 A T RSB B RSB M TG oo KR, BB, HBHEER, EA%E
HREE—MTERRTTARERE
A RS . WA SO IR e Xk, B, MRH, Bam, BER, Xex
T CHERTCHLEER SR IER P ) BHRIEIRBLIT - ooveeeeree e BEN, 274, K &, F B
IEHER AN SET RHLEEEBEIR oo WIEF, e, 1 &, AWE, BESR
XS AR R R N G MR PERI GEIE IR v x|k, BER, HERA, BRMA&, K Kk, W #
AREELE—XCHBEUEESURRIRE AR

oK LR AR DI TTILIREG R, - +rvcvvveesseommesnn s REE, £k, B &, BXX
2.4 m By AU PRI R KA LRI B R AR AB I oo O, F OB, ¥ &, K &, kf XE®R
PIV Jz PSP 5 ARZER CHLRIFALE W ZR G R -ooeeeeeeeee Wak, FEE, AERL, T &, RAL, Bk, £ERE
2.4 m FESERE P HURUE R ARG AL IR e w7, &R, HXK, AR, AE, KA, A

(XIT- 16>
(XI - 28)
(XI'-37
(XI'-48)
(XI-61)
(XIT-74)

I -22)

I -39
1 -49
1 -57

(1 -66)

(111 - 45)
I -67
- 77
I - 89)
(III-101)

(V-7D
(V-8D
(V-98)
(V-109)

A - D
(VI - 13
(VI - 26)
(VI - 44>
(VI - 59>

(X -62)
(X -79
(X -88)
(X-100)

(XI-83)
(XI'-95)
(XI-107)
(XI-118)



SUBJECT INDEX OF ACTA AERODYNAMICA SINICA(2023)

Review

The capability of aerodynamic ground test in the USA and its development trend analysis <+« -« -« cvceemrrmrrmree e
---------------------------------------------- SUN Zongxiang, LI Wenjia, TANG Zhigong, GUO Chuwei, LUO Yuepei, SUN Hangyi
A review of wall-shear-stress measurement techniques for practical applictions ==+« «« -« reeerrrrrerrrrreeeeeenes GAO Nan, LIU Xuanhe
Development of wind energy model and application of CFD in wind energy assessment -« -« -«-xxeeeeeereeereeeeeees - CHENG Xueling
Some research progress and prospect of Intelligent Aerodynamiics ««««-«««-rrwrsrrrrsrrrsrres s
- *“TANG Zhigong, ZHU Linyang, XIANG Xinghao, HE Lei, ZHAO Tun, WANG Yueqing, QIAN Weiqi, YUAN Xianxu
Progress and outlook of plasma-based turbulent skin-friction drag reduction ««««««««-«eeerrerrrrrrerrrre
----------------------------------------------------------------------------------- SU Zhi, ZONG Haohua, LIANG Hua, WU Yun, FANG Ziqi
Numerical research progress and prediction software of transition in hypersonic three-dimensional boundary layer --«-««----cxoeeeeeeeeees
''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' HUANG Zhangfeng, ZHANG Yuqi

Research Articles

Effect of Gurney flaps on aerodynamic characteristics of a SPInNing Missile -+« -« xeoxovrerrrrsrreearre e
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ KOU Shaobo, FENG Lihao, LI Xiao, YANG Xin, LIU Songbin, XU Huasong
Optimal flight test design method based on discrete Optimization ««««««««txcererrrrerrereeeeeeees LIU Siyu, LIANG Yan, MA Mingming
Acoustic modal analysis and pressure transducer array measurements of flow induced acoustic resonances in tandem deep cavities -+
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ZHANG Zhengfan, WANG Peng, WANG Weizhe, LIU Yingzheng
Experiments on vortex-induced vibration of a cylinder at subcritical Reynolds numbers -+ LYU Zhen, ZHANG Weiwei, KOU Jiaqing
Investigation on the shape optimization of wide-envelop air-breathing hypersonic vehicle <+« -« rerrrrrrrrree
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ WANG lJianlei, MU Huan, WEI Zhen, WANG Qiang, GONG Chunlin
Intelligent fusion method of multi-source aerodynamicdata for flighttests - WANG Xu,NING Chenjia, WANG Wenzheng, ZHANG Weiwei
Stall characteristics of high-lift device improved by slotting on leading-edge slat -+« -« -rrrerrersrrrrrr e
'''''''''''''''''''''''''''''''''''''''''''''''''''''''' LIU Zhongyuan, CHU Hubing, CHEN Yingchun, MAO Jun, ZHANG Bingian
Hydrodynamic characteristics in separation bubbles of airfoil under acoustic VOIteX iNteraction -+« -« ««wwsrsrersrrrrrerreeeee e
....................................................................................... SHI Zeqi, LIU YOng, ZHONG BOWCH, TANG Chonghui
Troubled cell detection in subcell limiting for high-order CPR method on unstructured meshes ««««««c-vorrrrrerererreeinee
------------------------------------------------------------------------- SHI Guoquan, YAN Zhenguo, ZHU Huajun, MA Yankai, JIA Feiran
Simulation of unsteady electrothermal deicing process based on PHengLEI -+-------- LIU Zonghui, BU Xueqin, LIN Guiping, LI Weibin
Research on cavitation and motion characteristics of high-speed vehicles exiting water in underwater salvo <=« -«««ovrerrrreeeeeeeees
.................................................................................. ZHOU Donghui’ JIA Huixia’ SHI Honghui’ WANG Zhuokai
CKDO one-equation RANS simulation on transition of hypersonic cross flow «««-««eeerrerrrrrrerne WANG Hao, XU Jinglei
Field investigation and analysis of wind-induced vibration of Niujiaoyan cable-suspended bridge «-«-«-«-«-wororerererrrrrsreeeeees
................................................................................ HE thui’ WANG Zhen, LIU Lulu’ WU Yage’ JING Haiquan
Wind tunnel test on suppressing vortex-induced vibrations of steel tubes in power tranSmission tOWELS <<=« « v xrsrsrrrrerreremeneeeeenene
------------------------------------------------------------------------------ XIA Qian, DU Hai, FENG Heng, GAO Bin, HUANG Mingfeng
Nonlinear characteristics of flutter and vibration bifurcation phenomenon of a centrally-slotted box deck and their mechanisms -------+-++
............................................................................................................ QIAN Cheng, ZHU Ledong, ZHU Qing
Application of convolutional neural network in static calibration of wind tunnel balance «--------«vororrrmrrrr e
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ WANG Yunpeng, NIE Shaojun, WANG Yue, JIANG Zonglin
Effect of front vane vortex generators on hydrogen fuel mixing characteristics in COmMBUSIOr <« - «x«xcxrrrrrrrrsrererererreteeeeeee
........................................................................................ WU Long, WANG Jlangfeng, LI LOngfel, WANG Dlng
Inversion technology of near-field sonic boom signal of SUPErsonic aircraft «««« -« «««xorrerrrrrrrrrr

---------------------------- MA Chuang, HUANG lJiangtao, LIU Gang, CHEN Xian, SHU Bowen, CHEN Qisheng, GAO Zhenghong

v

(1 -D
- o
1 -D
V- D
(IX - D
XI - D
(1-7D
(1 -86)
(1-99
(1-10D)
(I - D
(11 -12)
(11 -2D)
(1 -29)
(11 - 38)
(11 -53)
(11 -64)
(11 -75)
(11 -83)
(11 -90)
(11 -98)
(I - 25)
(111 - 33)
(V- D



Inverse design method of three-dimensional shocked flow fields based on the theory of three-dimensional characteristic lines ««-«-+++-++
...................................................................................................... WANG Ding, WANG Jiangfeng, LI LOngfei
Effect of line space on aerodynamic performance of two high-speed maglev trains passing by each other at the speed of 600 km/h in
OPCIL QI *vvveee s e e e se e e e et WANG Feng, ZHANG Lei, YANG Mingzhi, YIN Xiaofang
Sonic boom prediction and uncertainly quantification analysis of a low-boom super-sonic aircraft ===« -« -« vorrerrerem
------------------------------------------------------------ CHEN Shusheng, GU Yiran, YANG Hua, HUANG Jiangtao, GAO Zhenghong
A new type of approximate Riemann solver with adaptive anti-diffusion and its application =+« «««««reerrrrrrrrreereee
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ LIU Xuliang, FAN Zhaolin, ZHANG Shuhai, LI Hu, LUO Yong, SUN Xiaofeng
Reconstruction of airfoil surface pressure by Kalman filter «-«-««-creoeoeeeeeeeees LIU Yudan, ZHOU Kaiwen, LIU Yingzheng, WEN Xin
Numerical study on the orientation effects of roughness elements on turbulence StatiStics <« -« -w+wrrrrrrrrrrrrmrrrrr e
...................................................................................... LI Shllong, YANG Xlaolel, YUAN Xianxu’ GUO Qllong
Numerical simulations of airfoil gust response and alleviation based on split velocity method <« -« «xcxrereerrrrrrrrens
""""""""""""""""""""""""""""""""""""""""""" GAO Kun, GUO Tonggqing, JI Zhehan, ZHOU Di, LU Zhiliang
Aerodynamic design of high-altitude propellers within a Bayesian optimization framework -« -+« covrrrrerererrrreeee
....................................................................................... KOU thul, WANG Halfeng, LIU Kunpeng, ZHI XlnXln
The influence of splitter on the flow dynamics in a continuous-discrete pulsing jet fluidic oscillator -+« -« «reeererrrereeeee
........................................................................................... YANG Fan’ WEN Xln, HE Chuangxin, WANG Shlql
Comparison of three WENO limiters in flux reconstruction framework using unstructured grid ----------+---+- SHI Jingchang, YAN Hong
A data-driven aeroheating prediction model «-------reeeeeeeeees WANG Ze, WANG Ziyi, WANG Xu, SONG Shufang, ZHANG Weiwei
A new type of smoothness indicator for weighted essentially non-oscillatory schemes and its application -« -« ««cxeeeererererenenereeeeees
................................................................................................. LIU Xuliang, WU Conghai, LI Hu’ FAN Zhaolin
Comparative analysis on energy-harvesting performance of flapping foils with different flaps «-+------+-- ZHANG Gang, SUN Xiaojing
Adjoint-based design optimization considering both aerodynamic and near-field SONIC BOOm -+« +xrererrereremreerrrr
............................................................................................. LIU Fengbo’ HAO Haibing’ LI Dial’l, LIANG Yihua
Investigation of characteristic parameters of aircraft near-field wake vortex based on numerical simulation -« -« -xorrrrreeeeeeeeees
....................................................................................... WEN Ruiying’ LI Pengke’ LIU C()ng, WANG HOngyOng
Fluid-structure interaction dynamic characteristics of parafoil under trailing-edge deflection - -+« «xrreorerrerrrrerren
....................................................................................... GAO Xmglong, CHEN an’ ZHANG angbln, LI Zh]hul
Generation mechanism and suppression method of spurious sound from the permeable surface convective FW-H equation ----------------+
.................................................................................... HE Jiahua’ WANG theng’ LIU Qiuhong, QIAN Zhenhao
Aerodynamic responses of vertical-axis wind turbine foil to different vortex shedding patterns -« «««--w-rererrerrerrre
------------------------------------------------------ ZHENG Xiaobo, WANG Hongliang, XU Wenhao, GAO Zhiteng, LENG Jun, LI Ye
Numerical study on flow-induced rotation of a circular cylinder-splitter plate body at low Reynolds numbers - -« -----vvevreeeeeeeeeeees

..................................................................................... TANG TaO, ZHU Hongjun’ ZHOU Xinyu, CHEN Quanyu

Superboom prediction for vehicles at supersonic maneuvering flight -« ----oeoeeeeeeeeeenes LENG Yan, ZHANG Jinbai, QIAN Zhansen
Analyses of wind-tunnel test data of the transonic airfoil RAE2822 -+« cvrvverrrrrrrreerereeerrreiieeeeeee BAI Wen
Numerical simulation of aero-optical effect of flow around typical optical windows -+ TAN Xiaotong, XU Heyong, TIAN Renzhi

Nonlinear rapid aerodynamic modeling based on multivariate orthogonal functions ««««« <« «rrrrrrrrrrrrrreenneee
-------------------------------------------- GAO Xin, LIAN Feng, KONG Yinan, CHEN Gong, ZHANG Guanghua, WANG Wenzheng
Mesh adaptation for unsteady flow field based on machine learning «««----+coeeeeeee LI Caiyun, AN Wei, LIU Xuejun, LYU Honggiang
A mesh adaptation method for TSTO stages separation CFD simulation <« -« «cceeeererresrrrrerrieceee e
------------------------------------------------------------------- TANG Jing, ZHANG Jian, ZHANG Yaobing, ZHOU Naichun, LIU Gang
An improved algorithm for immersed moving boundary -« «--««-xoerererrre FU Shaotong, JIA Longfei, WANG Limin
Fast transition prediction for wind tunnel testing of the transonic natural laminar flow standard model CRM-NLF ----ccceveeremereeeeeeeeees
.................................................................................................... LIU Ylnhul, WU Dongrun, DU Xl, LIN Dakal
Icing prediction method for arbitrary airfoil using deep neural networks -« «-«--xoveeeeeeeeee QU Jingguo, PENG Bo, YI Xian, MA Yijian

Higher-order nonlinear shock wave discriminant based on deep neural NEtWOrK -+« «-«-xwrrrrrrrrrrrrrrrree e

---------------------------------------------- YANG Hua, CHEN Shusheng, LI Meng, PANG Chao, GAO Zhenghong, XIANG Xinghao

\

(IV-1D

(IV-3D

(IV-4D

(IV -52)
(IV -64)

IV -73)

(IV -84)

(IV -96)

(IV-104)

(V- D

(V-12)

(V-20)
(V -35)

(V -48)

(V -59)

(V-68)

(VI -16)

(VI -26)

(VI -35)

(VI -45)

(VI -55)

(VI-7D

(VI-8D)
(VI -89)

(VI-102)
(VI-109)

(VI - 36)
(VI - 48)

(VI - 56)



Research on the multiphase flow characteristics of the near free-surface supercavitating vehicle «««««-«rvrrrrerrriere

.............................................................................................. XIANG Min, LIU Bo, XIE Zeyang, ZHAO Xiaoyu
Three-channel coupled instability criteria for symmetrical tailless hypersonic vehicles <+« -« rrerrrererrrreeee
''''''''''''''''''''''''''''''''''''''''''' LYU Da, ZHANG Weitong, ZHANG Lumin, ZHAO Junbo, ZHANG Shiyu, SU Haoqin
Time-domain analytical formulation for acoustic velocity prediction in uniform mean flow =« -« «-cvcerrmrrrrerereeeeeeee
''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' LIU Qiuhong, WANG Xuheng, XUE Sidan, HE Jiahua
Accurate and efficient wall distance calculation method for Cartesian grids -+---------- MENG Shuang, ZHOU Dan, LI Xueliang, BI Lin
Experiment of far-field interference of cantilever support device in 8 m x 6 m low speed wind tunnel =<« «-«-rerereerrremneee.
------------------------------------------------------------ LIU Litao, HUANG Zhiyuan, CHEN Hong, FAN Litao, LI Xiaobing, LIU Yan
Aerodynamic energy analysis of multi-section evacuated tube SYSTEIM «+«««rxerrrresrrrerrrrrititrt
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ZHANG Ziwei, WANG Yingxue, SUN Haocheng, GU Liquan, REN Wenqiang
Influence of tail-blowing control on aerodynamic drag of urban rail traing -+« «-«-c-eoeeeeeeeeees JIANG Xin, DU Juntao, SHANG Keming
Particle solver in compressible high enthalpy flow (Part 1): the theoretical equations of point particle laden flow «------vvrreeeeeeeeeees
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ LI Qing, TU Guohua, LI Tingting, CHEN Jianqiang, YUAN Xianxu
Aerodynamic data fusion method based on physics-informed neural network <« «««x vverrrrrrrrr
---------------------- LIU Xia, FENG Wenhui, LIAN Feng, ZHANG Shuaiyu, ZHANG Guanghua, KONG Yinan, HAN Chongzhao
A simple diffuse interface immersed-boundary scheme for binary flows with curved boundaries «««-«-«-w-r-rorerererrrrrrreeeeee

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ZHOU Jinxiang, XIAO Hongwei, ADNAN Khan, NIU Xiaodong

Study on buffeting response of bridge under non-Gaussian wind field «------+-+-+ LUO Ying, REN Dacheng, HAN Yan, DONG Guochao
Algebraic reconstruction method for gas-liquid two-phase mixture flows -« ZHANG Lun, MOU Bin, JIANG Hao, WANG Jiantao
Application of reinforcement learning method in flapping airfoil experiment -+« -e-eeeeeeeeees ZHANG Jin, ZHOU Lei, CAO Bochao

A physics informed neural network based method for aircraft aerodynamic parameter identification -« ««««-veeerrerrrrr
...................................................................................... FU Junquan, ZHONG Bowen, ZHONG Yungin, LIU Yun
Flow field reconstruction for Bolund Island based on CNN --------- LI Yifeng, XUE Ming, WU Dingcong, ZHANG Wei, NI Zhangsong
Effectiveness of direct current discharge on high speed aerodynamic control of a conical model with ramps =+« ««-wreerrrmreerreeeeee.
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ WANG Hongyu, MIN Fu, XIE Zhendong, LONG Zhengyi, JIA Yao, YANG Yanguang
Numerical simulation on dynamic stall control of airfoil based on co-flow jet under variable free stream -+« «-c-eoroeererereereeeeenen.
.............................................................................................. JIA Tianha(), GAO Chao7 XU Heyong, XU Zeyang
Effect of lateral jet on local aerodynamic heating characteristics of missile rudders <« -« cxrerererrrrr e
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ZENG Pinpeng, CHEN Shusheng, FENG Cong, YANG Hua, GAO Zhenghong
Numerical study of the effects of corner expansion ratio and installation angle of guide vanes on flow fields in BHAW wind tunnel ------
............................................................................................... LIU Pelqlng, CHEN Yue’ ZHANG Jln, QU Qlulln
Immersed boundary method based on high-order discontinuous Galerkin method -+ WANG Tingting, LYU Honggiang, AN Wei
Simulation of flow around two-dimensional blunt body based on the viscous vortex domain method «-«+««««erererremrremmreeeeee
------------------------------------------------------------------------ ZHAO Guohui, WANG Zhichao, HAO Jianming, GAO Guangzhong
Research and application of an atmosphere CFD model for typical terrains based on self-developed LSWS software <+« ceormeeeeereneees
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ LI Shumin, SUN Zhuang, LI Zexiang, LI Xinyang, LUO Zhaoyun, LI Hui, SUN Xinyu, LIU Weiyi
Design of a standard aerodynamic model CHN-T2 for wide-body aircraft «««««««ccorrrrrrrrrerereeeen e
---------------------------- LIU Hongyang, ZHOU Zhu, YU Yonggang, HUANG Jiangtao, TANG Yu, SONG Chao, LAN Qingsheng
Key technology of heavy piston soft landing in large-scale free piston shock tunnels «««-«--orersrresrersrrer e
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ SHEN Junmou, CHEN Xing, YI Xiangyu, SUN Riming, JI Feng, BI Zhixian
Improved boundary recovery method for tetrahedral mesh generation ««-«-«-«rvrereererereeceeeeees ZENG Yinjia, CHEN Jianjun, FU Kejie
Wind tunnel experiment on control of stalling flow of fixed wing UAV with biOnic COVEIts -+« v xxrrrrrrrrrrsrer et
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ LIU Yihong, MA Xingyu, GONG Xu’an, HUANG Yijun, WANG Yong, JIANG Nan
Analysis method of the effects of skin waviness based on RVSM operation requirement ----+- Al Mengqi, MA Yumin, ZHANG Yanjun
The calibration of of the @3 m high temperature tunnel performance <« -« «««w rrerrrrrerrserr

--------------------------------------------------------------- TANG Zhigong, CHEN Dejiang, ZHU Chao, ZENG Lingguo, WU Jinshui

Vi

(VI - 64)

VI-74)

(VI - 84)
(VII-93)

(VI-102)

(VII-112)
(VI-120)

V- 71>

VI - 875

VI -97>

(VlI-107)

(VII-117)

(IX - 20D

(IX - 300
(IX - 38)

(IX - 48)

(IX - 59

(IX - 70)

(IX - 82)
(IX - 96)

(IX-107)

(X - D

(X -15

(X -30)
(X -42)

(X -52)
(XI'-20)

(XI-28)



Influence of slot geometry configuration on airfoil aerodynamic characteriStics ««« -« +«+wrrrerrrrrrer st
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ HAO Lishu, LIN Zijia, QU Haoyang, WANG Jianshu, GAO Yongwei
IDDES simulations of flow separation around the iced airfoil and its modal analysis -+ DU Menghua, TIAN Linlin, ZHU Chunling
Influence of cavities on hypersonic boundary layer transition <« -« ««xsxoeresrsrrereer et
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ FENG Shuo, WANG Bofu, TU Guohua, WU Jianhui, CHEN Jianqiang, YANG Qiang
Experimental study on wind field of three-dimensional wake model considering the influence of wind shear -+« «---oreveerrereeeeneenee
-------------------------------------------------------------------- ZHANG Shaohai, GAO Xiaoxia, ZHU Xiaoxun, WANG Yu, WANG Xi
Yaw and tilt wake characteristics of horizontal axis wind turbine ««-«««-«coorrrrerrrrrrereneins TIAN Yao, GAO Chao, LIU Ya
High-precision IPDG based turbulence simulation and the numerical characteristics of flux schemes -+« «vrererrer
""""""""""""""""""""""""""""""" HAO Shixi, DING Qiushi, WEI Tong, LIU Zhengxian, LIU Wei, LI Xiaojian, ZHAO Ming
On the stability of a split form CPR scheme in under-resolved fIows <+« «xxoerereererrrereree e
-------------------------------------------------------------------- JIA Feiran, ZHU Huajun, YAN Hong, YAN Zhenguo, SHI Jingchang
Applications of deep learning-based super-resolution for reconstruction of flow around the CAARC benchmark model ««+---+eoeeereeeeees
''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' LIANG Rengkang, ZHANG Wei, YANG Sifan, HUANG Gang, LI Lang
A constrained slip-wall boundary condition based on discrete equivalence equations «««-«-«-«-wrworerrreeeeeenenes WEI Yanxin, LIU Jun
Optimization design on the wing of a general aviation airplane based on deep belief network and multi-objective particle swarm
OptiMIZation alGOrithim <« -« xvererrrerrerrrr et WU Yongchuan, SUN Gang, TAO Jun
Study on the convergence criterion of linear iteration in inexact Newton methods ««-«--«wxrrrrrrrrrrrrrer e
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ FENG Xuanyan, YAN Zhenguo, ZHU Huajun, MA Yankai, FENG Xinlong
Numerical study on compressible gas-solid two-phase flow based on a particle solver implemented in NNW-PHengLET -+« ccceevereeeee
------------------------------------------------------------------------------- LEI Yinghaonan, LEI Sanhui, ZHANG Shenghao, WANG Ping
Vorticity transport characteristics of separated shear layer under AC/NS-DBD plasma actuation -« ««««owreeerrerrereeee,
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ZHAO Guangyin, YANG Yongdong, LI Tingting, XIAO Chunhua, YAN Li
Influence of the number of blades on aerodynamic and noise characteristics of counter-rotating propeller =« -« +««xoeeerrerermeneeene
................................................................................... CUI Panwang, FENG Heying, TONG 1:‘3'1,17 CHEN Zhengwu
Experiment of the effect of propeller slipstream on single-engine airplanes -------+- LIU Wei, ZHAO Zhong, ZHANG Shouyou, XIE Lu

Column——Special Wind Tunnels: Design and Application

Aerodynamic design of 2.4 m continuous transonic wind tunnel ««----ceeeeeeee ZHANG Ren, DU Wentian, LI Qingli, CUI Xiaochun
Design and preliminary freestream calibration of HUST @ 0.5 m Mach 6 Ludwieg tube wind tunnel <« «---vovorererrrreeeeeeeeeens
~~~~~~~~~~~~~~~~~~~~~~~~ HUANG Ranran, ZHANG Chengjian, LI Chuangchuang, XU Binghui, XU Duolong, YUAN Xianxu, WU Jie
Progress and application of large-flux high-pressure gas reducing valve <« -« -ceorererresrrrrrrr
--------------------------------------------------------------------- XU Wanwu, YE Wei, LI Zhiyan, ZHANG Zhenkang, ZHANG Fugqiang
New progress of 3 m X 2 m icing wind tunnel test technology from 2020 t0 2022 «- -« v cvrrrrrrrrrrrrererrrr et
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ LIU Senyun, WANG Qiao, Y1 Xian, ZHANG Pingtao, ZUO Chenglin, GUO Qiling
Application of 5.5 m X 4 m aeroacoustic wind tunnel in Sino-Russia joint research collaboration on landing gear noise and its control -

------------------------------------------------------------- ZHAO Kun, WANG Xunnian, SONG Yubao, FAN Zhenglei, KOPIEV Victor

Column Simulation and Analysis of the Ship-Helicopter Coupled Flowfiled

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ WANG Yibin, MA Chenyang, LI Tong, ZHAO Ning, ZHU Chunling
Structural modelling of non-aviation ship airwake <=« «-«+worrrrrrrrrrrmm LI Haixu, WANG Jinling
Influence of pitching on ship-helicopter coupled flowfield subject to oblique Winds =« ««xwsxrerrsrrrereerr e
.................................................................................... LI Tong, LIU Ge, ZONG Kun, ZHAO Ning, WANG Yibin
Airwake reduction of ski-jump ramp based on CVG «--weererrmrrerrrreieeeee YANG Mugqing, ZHANG Liang, MA Dongli

Analysis of personnel operation safety caused under airflow on the ship deck =+« xreerreerreeeeeeeen CUI Luning, HE Shaohua

VI

(XI -36)
(X[ -46)

(XI-56)

(XI-7D
(XI'-80)

(XI-94)

(XI-103)

(XI-116)
XI - D

(XI- 16>

(XI'-28)

(XI'- 37

(XII'-48)

(XI-61)
(XIT-74)

I -22)

I -39

I -49

I -57

I -66)

(111 - 45)
Ir-67

- 77
11 -89
(I1I-101)



Column

Dual-body synchronous captive trajectory test technique in hypersonic wind tunnel -« «««--eeeerrererr e
""""""""""""""""""""""""""""""""""""""""""" LIN Jingzhou, XIE Futian, ZHONG Jun, ZOU Dongyang, PI Yangjun
Flow-field characteristics analyses on shock-wave/boundary-layer interaction of TSTO parallel separation ««««-«-coeoeeeeeerereeeeeeeeeee.
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''' FAN Xiaohua, ZHANG Qinghu, LUO Lei, LIN Jingzhou, TANG Zhigong
Experimental analysis of interference characteristics of TSTO stage separation based on PSP/TSP measurement «-- -« -xeoeeeeeeeeeeeeeees
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' XIE Futian, ZHANG Qinghu, LIN Jingzhou, PENG Di, CHEN Lei
Numerical simulation analysis on aerodynamic characteristics of TSTO interstage separation -« «««:-«oxsrerreresrarrseereees

''''''''''''''''''''''''''''''''''''''''''''' GONG Xiaoquan, JIA Hongyin, ZHAO Hui, TANG Jing, ZHANG Jian, FU Yunfeng

Column

Celebrating the 70th Anniversary of National University of Defense Technology

Integrated scheme of air-breathing high-speed aircraft: review and proSpect -+« -« -« xxrrrrrrrrrrrrrerrr e
~~~~~~~~~~~~~~~~~~~~~~~~ WANG Zhenguo, LIANG Jianhan, FAN Xiaoqiang, ZHAO Yuxin, WANG Yi, ZHAO Yilong, XIONG Bing
A review of large eddy simulation of aViation tUrUIENCE «+++++++++++++++++ s+ s
----- SONG Jungiang, BAI Haokun, CHENG Bin, ZHANG Ning, ZHANG Weimin, LENG Hongze, ZHAO Wenjing, ZHANG Ze
Research progress on the fusion of data obtained by high-speed wind tunnels, CFD and model flight -« ---vorerererrrrreeeeeeees
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ TANG Zhigong, YUAN Xianxu, QIAN Weiqi, XIAO Hanshan, BI Lin, WANG Wenzheng
Effects of wall mass injection on drag and heat reduction characteristics of high-speed flight vehicles =«-«---vrvererrerrersenennnn.

.................................................................................... ZHU Guangsheng’ DUAN Yl, YAO Shlyong, FAN Yuehua

Column——Research Progress in Aviation Propeller Design

Research progress on aerodynamics, noise and optimization design for modern aviation propellers <+« -« «-trereerereer.
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ LIU Peiqing, GENG Xin, HU Tianxiang, GE Yunsong, LYU Changhao, LIU Jinjing
New propeller design with implementation of Military Aircraft Structural Integrity Programy ==« -« «tocoeoereere et
............................................................................................... CUI Degang7 ZAN Blnghe, ZHANG RU.I, LI Blng

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' XU Zhengyu, TANG Sijia, HE Miao, ZAN Binghe, CAO Desong
Review of aerodynamic and aeroacoustics characteristics of counter rotating propellers =« -« -« cxeeerrrrrrrrrrreererrieeee

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ LIU Peiqing, LYU Changhao, HU Tianxiang, QU Qiulin, GENG Xin, SUN Tao

Precision and integrated wind tunnel test technology for large airplanes

Research status and development tendency of large aircraft wind tunnel technologies in China -+« +-xeererrerereeerr
........................................................................................... WU Jungiang, CUI Xiaochun, WEI Zhi, DU Wentian
Test techniques and data correction method for large airplanes in a 2.4 m intermittent transonic wind tunnel -« -« -----rovvreeeeeeeeeeeees
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ XU Xin, LI Qiang, PENG Xin, JIANG Hong, LIU Dawei, WU Jungiang
Integrated application of PIV and PSP in large aircraft wind tunnel test =« «««wxeeeerrrerrrrrarrii
------------------------- SHANG Jinkui, LI Yujun, ZHAO Ronghuan, WANG Meng, ZHONG Hongjie, XU Zhaonan, CUI Xiaochun

it

Multi-body Separation Test Technology and Computational Analysis in Hypersonic Velocity

(V-70

(V-8D

(V-98)

(V-109)

am - D

(VI - 13)

(VIT - 26>

(VI - 44>

(VI - 59>

(X -62)

(X -7

(X -88)

(X-100)

(XI'-83)

(XII-95)

(XI-107)



ACTA AERODYNAMICA SINICA

Vol. 41 No. 12 ( Monthly  Sum No.209 ) December 2023

CONTENTS

Research Articles

A constrained slip-wall boundary condition based on discrete equivalence equations -«----+-------+- WEI Yanxin, LIU Jun

Optimization design on the wing of a general aviation airplane based on deep belief network and multi-objective
particle swarm optimization algorithm .................................................. WU Yongchuan, SUN Gang, TAO Jun

Study on the convergence criterion of linear iteration in inexact Newton methods
............................................................... FENG Xuanyan, YAN Zhenguo, ZHU Huajun, MA Yankai, FENG Xinlong

Numerical study on compressible gas-solid two-phase flow based on a particle solver implemented in NNW-
PHengLEI ............................................................ LEI Yinghaonan, LEI Sanhui, ZHANG Shenghao, WANG ng

Vorticity transport characteristics of separated shear layer under AC/NS-DBD plasma actuation
............................................................... ZHAO Guangyin, YANG Yongdong, LI Tingting, XIAO Chunhua, YAN Li

Influence of the number of blades on aerodynamic and noise characteristics of counter-rotating propeller
............................................................................. CUI Panwang, FENG Heying, TONG Fan, CHEN Zhengwu

Experiment of the effect of propeller slipstream on single-engine airplanes - LIU Wei, ZHAO Zhong, ZHANG Shouyou, XIE Lu

Precision and integrated wind tunnel test technology for large airplanes
Research status and development tendency of large aircraft wind tunnel technologies in China

................................................................................... wU Junqiang, CUI Xiaochun, WEI Zhl, DU Wentian

Test techniques and data correction method for large airplanes in a 2.4 m intermittent transonic wind tunnel
------------------------------------------------------------------ XU Xll’l, LI Qlang, PENG Xll’l, JIANG HOng, LIU DaWCl, WU Jul’lqlal’lg

Integrated application of PIV and PSP in large aircraft wind tunnel test
""""""""""""""""" SHANG Jinkui, LI Yujun, ZHAO Ronghuan, WANG Meng, ZHONG Hongjie, XU Zhaonan, CUI Xiaochun

Precision force measurement techniques for large aircraft models in 2.4 m continuous transonic wind tunnel
-------------------------------------------------------------- ZHANG Ren’ XU Zh]fu, LI XlaOgang, LIU Yu, ZHANG Y]ng, DU Went]an

Q)

(16>

(28)

37D

(48)

61

74>

(83)

95

(107

(118



B L X S e S e B 2 2 e & e e 3 T 2 & e & S e & 2 S e L X e 2 e & S LA S & o L 1

L (EEHNFEER) ELERESER !
% It B #ued Ht— R wmist MER BSE kS E AAF %
N :
: (A FH 2 BB :
] Bl £ & Bk REAH SRR & W EERH B A Ehie kb4 R F "
L& Ba x KER AU % A GEA FEA K T K W HEE
I M BAEE MG M 2 B O§ MRS T M RAE & & I
I oW OIEmE Sk Rl rd o M FEL FHEE F W I
I FERE F & F W F B FHE FWE F R KKK N A 1
: WEkE FAM FEE & B MAK T OF K & AR St :
I AEY AWE A E s b A MR Mk FAEA SR ;
I W ¥ ZHE IAF E ¥ IXE EMF RMC RER R I
I RRE R & AEA WAM HEE HAR B & WEE BES I
i Wik BEE R cPER 5 W LR AR RkE §EA i
: KEE K BRE K ARE AT M A B & Ak ;
L REEEE & & L
I B . I W AFA KRS KR I
[ mxmEwen B B £ £ 1

L e S LA T S

T2 3 3 26 30 3 32 30 30 30 3 2 30 30 30 3 20 30 30 30 320 36 30 30 320 36 30 30 320 36 30 30 320 36 30 3 3 26 36 30 3

TR NEFEFMH

541

(AT, 1980 4411 )

12 80 (A5 200 H5) 2023 4F 12 H

Acta Aerodynamica Sinica
(Monthly, Since 1980)

Vol. 41 No. 12 (No. 209) Dec., 2023

FEBA
EIEBAL
4mAE H kit

A B S R
S MRS DAL RSV 3 L g = e DALVl
(=B Iy dle) Gt

(VU4 B = 3R r Beo ' 1 LIS 4RO 746, 621000)

Administrated by China Aerodynamics Research and Development
Center (CARDC)

Sponsored by Computational Aerodynamics Institute of CARDC
Edited and Published by the Editorial Department of Acta

Aerodynamica Sinica (P.0. Box 11-9, 6 South Section of Second Ring
Road, Mianyang, Sichuan, China)

F &L Editor-in-Chief TANG Zhigong

BN Rl RGARIC IR i & A FR A H) Printed by Chengdu Huiyuan Culture Development Co., LTD
REIT #PHTTHIREUR Distributors

AT T EEPREAT 5 2 AR A TR A H Domestic: Miznyang Post Office

.
R FHRFE

(dE5399fF A, 100048 )
http://www.kqdlxxb.com/
kqdlxxb@163.com

Abroad : China International Book Trading Co.
(P.O. Box 399, Beijing, 100048, China)

Website: http://www. kqdlxxb. com/

E-mail: kqdlxxb@163. com

CN 51-1192/TK

ISSN 0258-1825

AR S 62-27
E MK S . MO4786

TE #} .30.00 T

9”770258 182230




	01_封一
	02_封二（中文目次）
	03_文章导读
	04_kqdlxxb-2023-12正文
	基于离散等价方程的滑移壁面边界约束算法
	基于深度置信网络与多目标粒子群算法的通用飞机机翼优化设计
	非精确Newton方法中线性迭代收敛判据研究
	基于风雷软件的可压缩气固颗粒两相流计算
	AC/NS-DBD等离子体激励分离剪切层的涡量输运特性
	桨叶数目对对转螺旋桨气动和噪声特性的影响
	单发螺旋桨飞机滑流影响试验
	“大飞机精细化与综合化风洞试验技术”专栏简介
	我国大型飞机风洞试验技术研究现状与发展趋势
	2.4 m暂冲型跨声速风洞大飞机试验技术及数据修正方法
	PIV及PSP技术在大飞机风洞试验中的综合应用
	2.4 m连续式跨声速风洞大飞机精细化测力试验技术
	致谢2023年度审稿专家

	05_2023-12ZGJZ
	6期征稿简则

	06_2023-catalog
	07_封三（英文目次）
	08_封底

