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Linear stability analysis of cylindrical Rayleigh-Benard convection
Wang, BF (Wang, Bo-Fu)*; Ma, DJ (Ma, Dong-Jun)? Chen, C (Chen, Cheng)?; Sun, DJ (Sun, De-Jun)*

KU HRY): JOURNAL OF FLUID MECHANICS#5:71111:27-39D0I:10.1017/jfm.2012.360 Hi it F-:NOV
252012
W5 I4R: 0 Gk Web of Science) 51 2% Ciik: 29
%L The instabilities and transitions of flow in a vertical cylindrical cavity with heated bottom, cooled top
and insulated sidewall are investigated by linear stability analysis. The stability boundaries for the
axisymmetric flow are derived for Prandtl numbers from 0.02 to 1, for aspect ratio A (A = H/R = height/radius)
equal to 1, 0.9, 0.8, 0.7, respectively. We found that there still exists stable non-trivial axisymmetric flow
beyond the second bifurcation in certain ranges of Prandtl number for A D 1, 0 : 9 and 0.8, excluding the A =
0.7 case. The finding for A = 0.7 is that very frequent changes of critical mode (azimuthal Fourier mode) of the
second bifurcation occur when the Prandtl number is changed, where five kinds of steady modesm =1, 2, 8, 9,
10 and three kinds of oscillatory modes m = 3, 4, 6 are presented. These multiple modes indicate different flow
structures triggered at the transitions. The instability mechanism of the flow is explained by kinetic energy
transfer analysis, which shows that the radial or axial shear of base flow combined with buoyancy mechanism
leads to the instability results.
2 k) bifurcation; buoyancy-driven instability; convection in cavities
KeyWords Plus: VERTICAL CYLINDERS; NATURAL-CONVECTION; THERMOCONVECTIVE
INSTABILITY; CIRCULAR-CYLINDER; PATTERN-FORMATION; FLUID LAYER; SCHEME; FLOWS
T TAAE & Hodik: Sun, DI (B THAE ), Univ Sci & Technol China, Dept Modern Mech, Hefei 230027, Peoples R
China.
Hofik: 1. Univ Sci & Technol China, Dept Modern Mech, Hefei 230027, Peoples R China

2. Georgia Inst Technol, Sch Aerosp Engn, Atlanta, GA 30332 USA

3. China Aerodynam Res & Dev Ctr, Low Speed Aerodynam Inst, Mianyang 622762, Sichuan, Peoples
R China
L7 {4 dik: dsun@uste.edu.cn
R4 7t {5 8 This work was supported by the National Natural Science Foundation of China under Grants
11072238 and 10602056, and the 111 Project of China under Grant BO7033.
Web of Science 2$7l]: Mechanics; Physics, Fluids & Plasmas
fiff 5T 77 7). Mechanics; Physics
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Numerical study of the thunniform mode of fish swimming with different Reynolds
number and caudal fin shape
Chang, XH (Chang, Xinghua)"%; Zhang, LP (Zhang, Laiping)"?; He, X (He, Xin)*
K ) COMPUTERS & FLUIDS#: 681i: 54-70DOI: 10.1016/j.compfluid.2012.08.004 tHfi+F: SEP 15 2012
eI 0 Gk Web of Science) 51 2% Ciik: 34
%L The hydrodynamics of a model-fish swimming in thunniform mode was studied numerically in this
paper. A 'tuna'-like configuration and the undulating manner (the kinetics of swimming) were adopted from
some references. The unsteady incompressible RANS equations were solved by an unsteady flow solver based
on dynamic hybrid grids, which was developed by the authors in previous work. During the simulations, two
typical turbulence models (SA-model and SST-model) were employed to investigate the turbulence effect, and
compared with the 'laminar' case (switch off the turbulence models). The influence of Reynolds number was
studied also. Numerical results demonstrate that the propulsion performance is better when considering
turbulence models at higher Reynolds number, because the flow separation is relatively weaker than the
‘laminar' cases. Furthermore, three types of caudal fin models were considered emphatically, including the
popular crescent-shaped fin, a semicircle-shaped fin and a fan-shaped fin. Numerical results show that the
crescent-shaped caudal fin is the most efficient when cruising, although the ‘thrust’ is relatively less. The main
reason is that the energy loss in the lateral direction is less than those of the other two caudal fin models.
YE& 8t Dynamic hybrid mesh; Unsteady incompressible flow; Bio-fluid; Thunniform mode swimming;
Caudal fin shape
KeyWords Plus: COMPUTATIONAL FLUID-DYNAMICS; LOCOMOTION; MECHANISMS; MESHES
T IAAE Hutik: Zhang, LP (3 i 4£34°),China Aerodynam Res & Dev Ctr, Mianyang 621000, Sichuan,
Peoples R China.
Hofik: 1. China Aerodynam Res & Dev Ctr, Mianyang 621000, Sichuan, Peoples R China
2. State Key Lab Aerodynam, Mianyang 621000, Sichuan, Peoples R China
LTl zhanglp@cardc.cn
R4 7t {5 S This work is supported partially by National Basic Research Program of China (Grant No.
2009CB723800) and by National Science Foundation of China (Grant Nos. 91016001 and 10872023).
Web of Science ZJi]: Computer Science, Interdisciplinary Applications; Mechanics
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A Nonlinear Adaptive Beamforming Algorithm Based on Least Squares Support Vector Regression
Wang, LT (Wang, Lutao)*; Jin, G (Jin, Gang)?; Li, ZZ (Li, Zhengzhou)*; Xu, HB (Xu, Honghin)*
KU H IR SENSORS 4 12 #: 9 111:12424-12436DOI: 10.3390/s120912424 HiJjiR4F: SEP 2012
W5 I4R: 0 Gk Web of Science) 1M 12 2% Ciik: 30
i . To overcome the performance degradation in the presence of steering vector mismatches, strict
restrictions on the number of available snapshots, and numerous interferences, a novel beamforming approach
based on nonlinear least-square support vector regression machine (LS-SVR) is derived in this paper. In this
approach, the conventional linearly constrained minimum variance cost function used by minimum variance
distortionless response (MVDR) beamformer is replaced by a squared-loss function to increase robustness in
complex scenarios and provide additional control over the sidelobe level. Gaussian kernels are also used to
obtain better generalization capacity. This novel approach has two highlights, one is a recursive regression
procedure to estimate the weight vectors on real-time, the other is a sparse model with novelty criterion to
reduce the final size of the beamformer. The analysis and simulation tests show that the proposed approach
offers better noise suppression capability and achieve near optimal signal-to-interference-and-noise ratio
(SINR) with a low computational burden, as compared to other recently proposed robust beamforming
techniques.
1E& JEtiA]: adaptive beamforming; least-squares support vector regression (LS-SVR); sparsification; kernel
function
KeyWords Plus: ROBUST CAPON BEAMFORMER; SPARSE APPROXIMATION; SIDELOBE CONTROL;
MISMATCH PROBLEM; MACHINES; CONSTRAINT
T HAE itk Wang, LT (38 tH 4% %), Univ Elect Sci & Technol China, Sch Automat Engn, Chengdu 611731,
Peoples R China.
Hofik: 1. Univ Elect Sci & Technol China, Sch Automat Engn, Chengdu 611731, Peoples R China
2. China Aerodynam Res & Dev Ctr, Mianyang 621000, Peoples R China
3. Chongging Univ, Sch Commun, Chongging 400044, Peoples R China
HE IR ik wituestc@163.com; gjin@ioe.ac.cn; lizhengzhou@cqu.edu.cn; hoxu@uestc.edu.cn
R4 7t )5 B This research was supported by the National Natural Science Foundation of China (Grant No.
61071191) and Natural Science Foundation of Chongging (CSTC 2011BB2048).
Web of Science Z&%1]: Chemistry, Analytical; Electrochemistry; Instruments & Instrumentation
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Global Stability Analysis of Flow Past Two Side-by-Side Circular Cylinders at Low
Reynolds Numbers by a POD-Galerkin Spectral Method
Zhang, W (Zhang Wei)*; Chen, C (Chen Cheng)?
K H ). CHINESE PHYSICS LETTERS 45:29,4/1:8, 31k *5:084701D01:10.1088/0256-307X/29/8/084701 H il
AUG 2012
W5 I4R: 0 Gk Web of Science) 51 M 12 2% Ciik: 13
J#%L: A proper orthogonal decomposition (POD) method is applied to the problem of a two-dimensional flow
past two side-by-side circular cylinders. Based on the POD bases, which are constructed by a snapshot method,
a low-dimensional model is established for representing two-dimensional incompressible Navier-Stokes
equations. Coupled with the low-dimensional model, the Chiba method is used to analyze the global stability
of the basic flow. Different bifurcation paths at three major regions are revealed, in good agreement with the
available results by other methods. However, the computation amount in the POD method is low, which shows
the availability and advantage of the POD method.
KeyWords Plus: LOW-DIMENSIONAL MODELS; WAKE
T HAE# Hhik: Zhang, W (B TRAE),SW Univ Sci & Technol, Sch Civil Engn & Architecture, Mianyang
621010, Peoples R China.
Hofik: 1. SW Univ Sci & Technol, Sch Civil Engn & Architecture, Mianyang 621010, Peoples R China
2. China Aerodynam Res & Dev Ctr, Low Speed Aerodynam Inst, Mianyang 622762, Peoples R China
HL T MR F otk zwell@mail.ustc.edu.cn
Fk 4 ¢ B {5 B :Supported by the Research Foundation of SWUST (No 10zx7137)
Web of Science 2%7l: Physics, Multidisciplinary
it 5777 W) Physics
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A Class of Hybrid DG/FV Methods for Conservation Laws I11: Two-Dimensional Euler Equations
Zhang, LP (Zhang, Laiping)*?; Liu, W (Liu, Wei)}; He, LX (He, Lixin)%; Deng, XG (Deng, Xiaogang)*?
KU RY): COMMUNICATIONS IN COMPUTATIONAL PHYSICS #%: 12,0{: 1,11: 284-314DOI:

10.4208/cicp.210111.140711a i fR4F: JUL 2012
W5 I4R: 0 Gk Web of Science) 1M 12 2% Ciik: 49
#EL: A concept of "static reconstruction" and "dynamic reconstruction” was introduced for higher-order
(third-order or more) numerical methods in our previous work. Based on this concept, a class of hybrid DG/FV
methods had been developed for one-dimensional conservation law using a "hybrid reconstruction™ approach,
and extended to two-dimensional scalar equations on triangular and Cartesian/triangular hybrid grids. In the
hybrid DG/FV schemes, the lower-order derivatives of the piece-wise polynomial are computed locally in a
cell by the traditional DG method (called as "dynamic reconstruction™), while the higher-order derivatives are
re-constructed by the "static reconstruction™ of the FV method, using the known lower-order derivatives in the
cell itself and in its adjacent neighboring cells. In this paper, the hybrid DG/FV schemes are extended to
two-dimensional Euler equations on triangular and Cartesian/triangular hybrid grids. Some typical test cases
are presented to demonstrate the performance of the hybrid DG/FV methods, including the standard vortex
evolution problem with exact solution, isentropic vortex/weak shock wave interaction, subsonic flows past a
circular cylinder and a three-element airfoil (30P30N), transonic flow past a NACAO0012 airfoil. The accuracy
study shows that the hybrid DG/FV method achieves the desired third-order accuracy, and the applications
demonstrate that they can capture the flow structure accurately, and can reduce the CPU time and memory
requirement greatly than the traditional DG method with the same order of accuracy.
KeyWords Plus: DISCONTINUOUS GALERKIN METHOD; FINITE VOLUME METHOD; ESSENTIALLY
NONOSCILLATORY SCHEMES; NAVIER-STOKES EQUATIONS; HIGH-ORDER ACCURATE;
ONE-DIMENSIONAL SYSTEMS; HERMITE WENO SCHEMES; UNSTRUCTURED GRIDS;
ELEMENT-METHOD; HYPERBOLIC SYSTEMS
T HAE#E HhE: Zhang, LP (Gl #H4F#),China Aerodynam Res & Dev Ctr, State Key Lab Aerodynam,
Mianyang 621000, Sichuan, Peoples R China.
Hodik: 1. China Aerodynam Res & Dev Ctr, State Key Lab Aerodynam, Mianyang 621000, Sichuan, Peoples R China
2. China Aerodynam Res & Dev Ctr, Computat Aerodynam Inst, Mianyang 621000, Sichuan, Peoples R China
HL - R4tk zhanglp_cardc@126.com; Iw4992@gmail.com; hix_cardc@126.com; xgdeng@skla.cardc.cn
R4 v h{5 B :This work is supported partially by National Basic Research Program of China (Grant No.
2009CB723800) and by National Science Foundation of China (Grant No. 91016011, 91130029 and
11028205). The authors would like to appreciate Prof. Z. J. Wang in lowa State University, Prof. H. Luo in
North Carolina State University, and Prof. S. H. Zhang in State Key Laboratory of Aerodynamics (China
Aerodynamics Research and Development Center) for the helpful discussion and suggestion.
Web of Science 27l Physics, Mathematical
it 5777 W) Physics
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Applications of dynamic hybrid grid method forthree-dimensional moving/deforming
boundary problems
Zhang, LP (Zhang Laiping)**; Chang, XH (Chang Xinghua); Duan, XP (Duan Xupeng)*; Zhao, Z (Zhao Zhong)"; He, X (He Xin)*
K5 H ER): COMPUTERS & FLUIDS %5 62, 1L 45-63,DOI: 10.1016/j.compfluid.2012.03.008 HifiiiF: JUN 152012
W5 I4IR: 0 Gk Web of Science) 1M 12 2% Ciik: 60
2L In the previous work, the authors had developed a dynamic hybrid grid generation method and an
unsteady flow solver for two-dimensional incompressible and compressible unsteady flows with moving or
morphing boundary. In this paper, the dynamic hybrid grid generation method and the unsteady flow solver are
extended to three-dimensional complex geometries with moving and/or deforming boundaries, and coupled
with force and moment calculation, and the integration of the rigid body, six degrees-of-freedom (6DOF)
equations of motion. In order to enhance the flexibility and efficiency of moving grid generation, the dynamic
hybrid grid method combines the 'Delaunay graph' mapping approach, node relaxation based on ‘spring'
analogy and local re-meshing strategy. Firstly, the prism/tetrahedral/Cartesian hybrid grids are adopted to
discrete the initial computational domain over complex configurations. Once the bodies move or deform, the
grid points in the boundary layer of the moving/morphing bodies are moved firstly with a modified
advancing-layer method, the grid points in the outer far-field keep stationary, while the grid points between the
last layer of body-fitted grids and the internal boundary of the specified far-field are mapped by the 'Delaunay
graph' mapping method. But the background grids (the Delaunay graph) themselves are deformed by the
simple node relaxation based on 'spring' analogy to improve the efficiency. Then the quality of the deformed
grids is checked with some criteria. If the deformed grids do not pass the checking step, a local re-meshing
procedure is carried out. Based on the dynamic hybrid grids, a parallel implicit finite-volume flow solver for
3D unsteady Navier-Stokes equations is developed also. In order to deal with the problems of multi-body
separation, the integration of the rigid body, 6DOF equations of motion is coupled in the same framework of
the flow solver. The applications for complex 3D morphing configurations demonstrate the robustness and
efficiency of present method. (C) 2012 Elsevier Ltd. All rights reserved.
KeyWords Plus: UNSTRUCTURED GRIDS; FLOW COMPUTATIONS; EULER EQUATIONS;
SIMULATION; GENERATION; ALGORITHM; MESHES; SOLVER
TWAREG Huhl: Zhang, LP (G iffFE#),China Aerodynam Res & Dev Ctr, POB 211, Mianyang 621000,
Sichuan, Peoples R China.
Hofik: 1. China Aerodynam Res & Dev Ctr, Mianyang 621000, Sichuan, Peoples R China
2. State Key Lab Aerodynam, Mianyang 621000, Sichuan, Peoples R China
TR ik : zhanglp_cardc@126.com
H4 {5 B This work is support partially by National Basic Research Program of China (Grant No.
2009CB723800) and by National Science Foundation of China (Grant Nos. 91016001 and 10872023).
Web of Science Z&%1]: Computer Science, Interdisciplinary Applications; Mechanics
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Aerodynamic Modeling and Parameter Estimation from QAR Data of an Airplane
Approaching a High-altitude Airport
Vg, Q (Wang Qing)™; VW, KY (W Kaiyuan)*; Zhang, T3 (Zhang Tianjiac) “; Kong, YN (Kong Yinan)™; Qian, WQ (Qian Weic)
K Y R % : CHINESE JOURNAL OF AERONAUTICS # 25 #§ :3 1l :361-371DOI:
10.1016/S1000-9361(11)60397-X i fix4F-: JUN 2012
W5 I4R: 0 Gk Web of Science) 51H] 12 2% Ciik: 15
%L Aerodynamic modeling and parameter estimation from quick accesses recorder (QAR) data is an
important technical way to analyze the effects of highland weather conditions upon aerodynamic
characteristics of airplane. It is also an essential content of flight accident analysis. The related techniques are
developed in the present paper, including the geometric method for angle of attack and sideslip angle
estimation, the extended Kalman filter associated with modified Bryson-Frazier smoother (EKF-MBF) method
for aerodynamic coefficient identification, the radial basis function (RBF) neural network method for
aerodynamic modeling, and the Delta method for stability/control derivative estimation. As an application
example, the QAR data of a civil airplane approaching a high-altitude airport are processed and the
aerodynamic coefficient and derivative estimates are obtained. The estimation results are reasonable, which
shows that the developed techniques are feasible. The causes for the distribution of aerodynamic derivative
estimates are analyzed. Accordingly, several measures to improve estimation accuracy are put forward.
YB35 G 8k 1] civil airplane; aerodynamics; QAR data; aerodynamic modeling; aerodynamic parameter
estimation; flight safety; EKF-MBF method; neural network
KeyWords Plus: SYSTEM-IDENTIFICATION; NEURAL-NETWORKS; AIRCRAFT
T HAE itk Wang, Q (Gl T/ 34),China Aerodynam Res & Dev Ctr, State Key Lab Aerodynam, Mianyang
621000, Peoples R China.
Hofik: 1. China Aerodynam Res & Dev Ctr, State Key Lab Aerodynam, Mianyang 621000, Peoples R China
2. China Aerodynam Res & Dev Ctr, Computat Aerodynam Inst, Mianyang 621000, Peoples R China
3. Sci Res Base Civil Aviat Flight Technol & Safety, Guanghan 618307, Peoples R China
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R4t Bh{5 E: Foundation item: National Natural Science Foundation of China (60832012)
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Thermodynamic analysis of a transcritical CO, power cycle driven by solar energy with
liquified natural gas as its heat sink
Song, YH (Song, Yuhui)!; Wang, JF (Wang, Jiangfeng)®; Dai, YP (Dai, Yiping)*; Zhou, EM (Zhou, Enmin)?
KU H ) APPLIED ENERGY #45:92 1i1: 194-203DOI: 10.1016/j.apenergy.2011.10.021 HihR4F:APR 2012
W5 I4R: 0 Gk Web of Science) 1M 12 2% Ciik: 29
J#%L: This paper proposes a transcritical CO, power cycle driven by solar energy while utilizing the cold heat
rejection to an liquified natural gas (LNG) evaporation system. In order to ensure a continuous and stable
operation for the system, a thermal storage system is introduced to store the collected solar energy and to
provide stable power output when solar radiation is insufficient. A mathematical model is developed to
simulate the solar-driven transcritical CO, power cycle under steady-state conditions, and a modified system
efficiency is defined to better evaluate the cycle performance over a period of time. The thermodynamic
analysis focuses on the effects of some key parameters, including the turbine inlet pressure, the turbine inlet
temperature and the condensation temperature, on the system performance. Results indicate that the net power
output mainly depends on the solar radiation over a day, yet the system is still capable of generating electricity
long after sunset by virtue of the thermal storage tank. An optimum turbine inlet pressure exists under given
conditions where the net power output and the system efficiency both reach maximum values. The net power
output and the system efficiency are less sensitive to the change in the turbine inlet temperature, but the
condensation temperature exerts a significant influence on the system performance. The surface area of heat
exchangers increases with the rise in the turbine inlet temperature, while changes in the turbine inlet pressure
have no significant impact on the heat exchanging area under the given conditions.
1E& JtiA]: Carbon dioxide; Liquified natural gas; Solar energy; Thermodynamic cycle
KeyWords  Plus:  SUPERCRITICAL  CARBON-DIOXIDE;  ORGANIC  RANKINE-CYCLE;
PERFORMANCE; SYSTEM
THTRAE & Hutik: Wang, JF (GERAE ), Xi An Jiao Tong Univ, Inst Turbomachinery, Sch Energy & Power Engn,
Xian 710049, Peoples R China.
Hofik: 1. Xi An Jiao Tong Univ, Inst Turbomachinery, Sch Energy & Power Engn, Xian 710049, Peoples R
China
2. China Aerodynam Res & Dev Ctr, Mianyang 621000, Peoples R China
TR jwang@mail xjtu.edu.cn
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A class of hybrid DG/FV methods for conservation laws I:Basic formulation and

one-dimensional systems
Zhang, LP (Zhang Laiping)™; Liu, W (Liu Wei)%; He, LX (He Lixin)%; Deng, XG (Deng Xiaogang)™; Zhang, HX (Zhang Hanxin)?
K5 ¥ . JOURNAL OF COMPUTATIONAL PHYSICS #: 231 #: 4 7i: 1081-1103DOI:
10.1016/j.jcp.2011.06.010 i flk4F: FEB 20 2012
e 2 Gk Web of Science) 511 112 SCiik: 56
$#%L: By comparing the discontinuous Galerkin (DG) and the finite volume (FV) methods, a concept of 'static
reconstruction' and 'dynamic reconstruction' is introduced for high-order numerical methods. Based on the new
concept, a class of hybrid DG/FV schemes is presented for one-dimensional conservation law using a ‘hybrid
reconstruction' approach. In the hybrid DG/FV schemes, the lower-order derivatives of a piecewise polynomial
solution are computed locally in a cell by the DG method based on Taylor basis functions (called as 'dynamic
reconstruction”), while the higher-order derivatives are re-constructed by the 'static reconstruction' of the FV
method, using the known lower-order derivatives in the cell itself and its adjacent neighboring cells. The
hybrid DG/FV methods can greatly reduce CPU time and memory required by the traditional DG methods
with the same order of accuracy on the same mesh, and they can be extended directly to unstructured and
hybrid grids in two and three dimensions similar to the DG and/or FV methods. The hybrid DG/FV methods
are applied to one-dimensional conservation law, including linear and non-linear scalar equation and Euler
equations. In order to capture the strong shock waves without spurious oscillations, a simple shock detection
approach is developed to mark ‘trouble cells’, and a moment limiter is adopted for higher-order schemes. The
numerical results demonstrate the accuracy, and the super-convergence property is shown for the third-order
hybrid DG/FV schemes. In addition, by analyzing the eigenvalues of the semi-discretized system in one
dimension, we discuss the spectral properties of the hybrid DG/FV schemes to explain the super-convergence
phenomenon.
2% 4] Discontinuous Galerkin method; Finite volume method; Reconstruction; Hybrid method
KeyWords Plus: DISCONTINUOUS GALERKIN METHOD; FINITE VOLUME METHOD;
NAVIER-STOKES EQUATIONS; ESSENTIALLY NONOSCILLATORY SCHEMES; HERMITE WENO
SCHEMES; UNSTRUCTURED GRIDS; ELEMENT-METHOD; COMPRESSIBLE FLOWS; MESHES;
LIMITERS
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A class of hybrid DG/FV methods for conservation laws I1: Two-dimensional cases
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%% By comparing the discontinuous Galerkin (DG) methods, the k-exact finite volume (FV) methods and
the lift collocation penalty (LCP) methods, a concept of 'static reconstruction' and 'dynamic reconstruction' was
introduced for higher-order numerical methods in our previous work. Based on this concept, a class of hybrid
DG/FV methods was presented for one-dimensional conservation law using a 'hybrid reconstruction' approach.
In the hybrid DG/FV schemes, the lower-order derivatives of the piecewise polynomial are computed locally
in a cell by the traditional DG method (called as 'dynamic reconstruction'), while the higher-order derivatives
are re-constructed by the 'static reconstruction' of the FV method, using the known lower-order derivatives in
the cell itself and in its adjacent face neighboring cells. In this follow-up paper, the hybrid DG/FV schemes are
extended onto two-dimensional unstructured and hybrid grids. The two-dimensional linear and non-linear
scalar conservation law and Euler equations are considered. Some typical cases are tested to demonstrate the
performance of the hybrid DG/FV method, and the numerical results show that they can reduce the CPU time
and memory requirement greatly than the traditional DG method with the same order of accuracy in the same
mesh.
Y+ 41 Discontinuous Galerkin method; Finite volume method; Reconstruction; Hybrid method
KeyWords Plus: DISCONTINUOUS GALERKIN METHOD; FINITE VOLUME METHOD; ESSENTIALLY
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HIGH-ORDER ACCURATE; UNSTRUCTURED GRIDS; ELEMENT-METHOD; COMPRESSIBLE
FLOWS; BASIC FORMULATION
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Flight Characteristics Analysis Based on QAR Data of a Jet Transport During Landing at
a High-altitude Airport
Lan, CE (Lan, C. Edward)% Wu, KY (Wu Kaiyuan)*; Yu, J (Yu Jiang)?
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%L Flight data of a twin-jet transport aircraft in revenue flight are analyzed for potential safety problems.
Data from the quick access recorder (QAR) are first filtered through the kinematic compatibility analysis. The
filtered data are then organized into longitudinal-and lateral-directional aerodynamic model data with dynamic
ground effect. The dynamic ground effect requires the radio height and sink rate in the models. The model data
are then refined into numerical models through a fuzzy logic algorithm without data smoothing in advance.
These numerical models describe nonlinear and unsteady aerodynamics and are used in nonlinear flight
dynamics simulation. For the jet transport under study, it is found that the effect of crosswind is significant
enough to excite the Dutch roll motion. Through a linearized analysis in flight dynamics at every instant of
time, the Dutch roll motion is found to be in nonlinear oscillation without clear damping of the amplitude. In
the analysis, all stability derivatives vary with time and hence are nonlinear functions of state variables. Since
the Dutch roll motion is not damped despite the fact that a full-time yaw damper is engaged, it is concluded
that the design data for the yaw damper is not sufficiently realistic and the contribution of time derivative of
sideslip angle to damping should be considered. As a result of nonlinear flight simulation, the vertical wind
acting on the aircraft is estimated to be mostly updraft which varies along the flight path before touchdown.
Varying updraft appears to make the descent rate more difficult to control to result in a higher g-load at
touchdown.
YE& JCEEA: jet transport; unsteady aerodynamics; nonlinear aerodynamics; flight dynamics; flight safety;
quick access recorder data
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Assessment of Two Turbulence Models and Some Compressibility Corrections for
Hypersonic Compression Corners by High-order Difference Schemes
Tu, GH (Tu Guohua)*; Deng, XG (Deng Xiaogang)®; Mao, ML (Mao Meiliang)*
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%L The Spalart-Allmaras (S-A) turbulence model, the shear-stress transport (SST) turbulence model and
their compressibility corrections are revaluated for hypersonic compression corner flows by using high-order
difference schemes. The compressibility effect of density gradient, pressure dilatation and turbulent Mach
number is accounted. In order to reduce confusions between model uncertainties and discretization errors, the
formally fifth-order explicit weighted compact nonlinear scheme (WCNS-E-5) is adopted for convection terms,
and a fourth-order staggered central difference scheme is applied for viscous terms. The 15 degrees and 34
degrees compression corners at Mach number 9.22 are investigated. Numerical results show that the original
SST model is superior to the original S-A model in the resolution of separated regions and predictions of wall
pressures and wall heat-flux rates. The capability of the S-A model can be largely improved by blending Catris'
and Shur's compressibility corrections. Among the three corrections of the SST model listed in the present
paper, Catris' modification brings the best results. However, the dissipation and pressure dilatation corrections
result in much larger separated regions than that of the experiment, and are much worse than the original SST
model as well as the other two corrections. The correction of turbulent Mach number makes the separated
region slightly smaller than that of the original SST model. Some results of low-order schemes are also
presented. When compared to the results of the high-order schemes, the separated regions are smaller, and the
peak wall pressures and peak heat-flux rates are lower in the region of the reattachment points.
YE& JEtA]: aerodynamics; high-order weighted compact nonlinear scheme; hypersonic compression corners;
turbulence models; compressibility corrections; shock/boundary layer interactions; shock waves
KeyWords Plus: COMPACT NONLINEAR SCHEMES; FLOWS
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Unsteady aerodynamics modeling for flight dynamics application
Wang, Q (Wang, Qing)“?; He, KF (He, Kai-Feng)™?; Qian, WQ (Qian, Wei-Qi)"% Zhang, TJ (Zhang,
Tian-Jiao)*?; Cheng, YQ (Cheng, Yan-Qing)"% Wu, KY  (Wu, Kai-Yuan)®

K H R): ACTA MECHANICA SINICA #45: 28 Hi: 1 7: 14-23 DOI: 10.1007/s10409-012-0012-z H4 iR 4F-:
FEB 2012
W5 I4R: 0 Gk Web of Science) 51 M 12 2% SCiik: 27
% In view of engineering application, it is practicable to decompose the aerodynamics into three
components: the static aerodynamics, the aerodynamic increment due to steady rotations, and the aerodynamic
increment due to unsteady separated and vortical flow. The first and the second components can be presented
in conventional forms, while the third is described using a one-order differential equation and a
radial-basis-function (RBF) network. For an aircraft configuration, the mathematical models of 6-component
aerodynamic coefficients are set up from the wind tunnel test data of pitch, yaw, roll, and coupled yaw-roll
large-amplitude oscillations. The flight dynamics of an aircraft is studied by the bifurcation analysis technique
in the case of quasi-steady aerodynamics and unsteady aerodynamics, respectively. The results show
that:(1)unsteady aerodynamics has no effect upon the existence of trim points, but affects their
stability;(2)unsteady aerodynamics has great effects upon the existence, stability, and amplitudes of periodic
solutions; and(3)unsteady aerodynamics changes the stable regions of trim points obviously. Furthermore, the
dynamic responses of the aircraft to elevator deflections are inspected. It is shown that the unsteady
aerodynamics is beneficial to dynamic stability for the present aircraft. Finally, the effects of unsteady
aerodynamics on the post-stall maneuverability are analyzed by numerical simulation.
£ 3 JC 8 3] : Unsteady aerodynamics; High angle of attack; Mathematical model; Flight dynamics;
Bifurcation analysis; Post-stall maneuver
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Large-scale wind turbine blade design and aerodynamic analysis

Wang, TG (Wang TongGuang)"; Wang, L (Wang Long)"; Zhong, W (Zhong Wei)"; Xu, BF (Xu BoFeng)"; Chen, L (Chen Li)?
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JiR4F: FEB 2012
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$# %: Incorporating controlled elitism and dynamic distance crowding strategies, a modified NSGA-II
algorithm based on a fast and genetic non-dominated sorting algorithm is developed with the aim of obtaining
a novel multi-objective optimization design algorithm for wind turbine blades. As an example, a
high-performance 1.5 MW wind turbine blade, taking maximum annual energy production and minimum blade
mass as the optimization objectives, was designed. A 1/16-scale model of this blade was tested in a 12 m x 16
m wind tunnel and the experimental results validated the high performance. Moreover, both the computational
fluid dynamics (CFD) method and a free-vortex method (FVM) were applied to calculating the aerodynamic
performance, which was consistent with the experimental data. For completeness, the CFD and FVM were
used to analyze the wake structure, and good and consistent results were obtained between them.
YE5 S8R wind turbine; multi-objective optimization; wind tunnel test; CFD; free-vortex method
KeyWords Plus: PREDICTIONS; PERFORMANCE; AIRFOIL; MODEL
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Simulation of shock wave buffet and its suppression on an OAT15A supercritical airfoil by IDDES
Huang, JB (Huang JingBo)*; Xiao, ZX (Xiao ZhiXiang)"; Liu, J (Liu Jian)*?; Fu, S (Fu Song)*
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i % In the present paper, extremely unsteady shock wave buffet induced by strong shock
wave/boundary-layer interactions (SWBLI) on the upper surface of an OAT15A supercritical airfoil at Mach
number of 0.73 and angle of attack of 3.5 degrees is first numerically simulated by IDDES, one of the most
advanced RANS/LES hybrid methods. The results imply that conventional URANS methods are unable to
effectively predict the buffet phenomenon on the wing surface; IDDES, which involves more flow physics,
predicted buffet phenomenon. Some complex flow phenomena are predicted and demonstrated, such as
periodical oscillations of shock wave in the streamwise direction, strong shear layer detached from the shock
wave due to SWBLI and plenty of small scale structures broken down by the shear layer instability and in the
wake. The root mean square (RMS) of fluctuating pressure coefficients and streamwise range of shock wave
oscillation reasonably agree with experimental data. Then, two vortex generators (VG) both with an inclination
angle of 30 degrees to the main flow directions are mounted in front of the shock wave region on the upper
surface to suppress shock wave buffet. The results show that shock wave buffet can be significantly suppressed
by VGs, the RMS level of pressure in the buffet region is effectively reduced, and averaged shock wave
position is obviously pushed downstream, resulting in increased total lift.
2 k) supercritical airfoil; vortex generator; shock wave buffet
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Multi-jack Single-drive Semi-flexible Nozzle Mechanism Design and Simulation
Yu, CG (Yu, Chengguo)’; Chen, ZH (Chen, Zhenhua)*; Nie, XT (Nie, Xutao)*
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Technol

$#%L: In order to reduce the cost of wind tunnel construction, simplify the requirement of control, and increase
the security in the operation of nozzle, the multi-jack single-drive semi-flexible nozzle is designed. Based on
the planar linkage design theory, the movement of multi-jack semi-flexible nozzle with single drive organ was
achieved by using the software of MATLAB. Furthermore, the rigid-flexible coupling kinematics simulation
of multi-jack single-drive semi-flexible nozzle is done to testify the rationality of the mechanism design by
using the software of ADAMS and PATRAN/NASTRAN. The comparisons of four Mach numbers show that
the simulation surfaces have good agreements with the aerodynamics surfaces.

YE& % 8tA: semi-flexible nozzle; planar linkage design; rigid-flexible coupling; mechanism design
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A Coupled Method of Laplace Transform and Legendre Wavelets for Lane-Emden-Type
Differential Equations
Yin, FK (Yin, Fukang)®; Song, JQ (Song, Jungiang)®; Lu, FS (Lu, Fengshun)?®; Leng, HZ (Leng, Hongze)*
KU HRY): JOURNAL OF APPLIED MATHEMATICS I #ik*5: 163821DOI: 10.1155/2012/163821 Hhix
41 2012
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%L A coupled method of Laplace transform and Legendre wavelets is presented to obtain exact solutions of
Lane-Emden-type equations. By employing properties of Laplace transform, a new operator is first introduced
and then its Legendre wavelets operational matrix is derived to convert the Lane-Emden equations into a
system of algebraic equations. Block pulse functions are used to calculate the Legendre wavelets coefficient
matrices of the nonlinear terms. The results show that the proposed method is very effective and easy to
implement.
KeyWords Plus: HOMOTOPY-PERTURBATION METHOD; VARIATIONAL ITERATION METHOD;
SINGULAR IVPS; APPROXIMATE SOLUTION; ALGORITHM
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Study on the Similarity Criteria of Aircraft Structure Temperature/ Stress/Dynamic Response
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$#%L: The performance parameters of thermal protection system are essential for the design and optimization
of high-speed aircraft. The flight-ground conversion is a valid method to provide the effective support to the
design of the thermal protection structure (TPS), because the performance data of TPS were generally obtained
from wind tunnel test and should be conversed to the corresponding environment. In this paper, the similarity
parameters of heat conduction and thermoelasticity equations are studied, the similarity criteria proposed, and
the effectiveness of some of the similar parameters are calculated and analyzed. The research results indicated
that wind tunnel test can be better designed using the proposed similarity criteria, and the data obtained from
wind tunnel test can be modified more rational to accommodate the reality flight condition so as to improve
the precision and the efficiency of wind tunnel experiment.
YE& JEEA]: Wind Tunnel Test; Hypersonic Flow; Heat Transfer; Thermal Stress; Similarity Criteria
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KINEMATICS AND DYNAMICS ANALYSIS OF A HIGH-SPEED PARALLEL MECHANISM

Xie, ZJ (Xie, Zhijiang); Sun, XY (Sun, Xiaoyong)"; Sun, HS (Sun, Haisheng)®; Zhang, J (Zhang, Jun)*?
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$#%L: This paper introduced the design of a 6-DOF high-speed parallel mechanism for the wind tunnel tests,
with the particular focus on analysis of the kinematic and dynamic factors. It starts with kinematics analysis to
the mechanism to get the positive and inverse kinematics equation, followed by the use of Lagrange's equation
combined with a simplified model of the dynamics modeling approach to build a rigid kinetic equation. The
next step comes to a comprehensive analysis of the constraints to determine the structural parameters of the
mechanism. Rod and the moving platform are given the discretized sampling to complete the flexible
dynamics simulation, from which the rigid analysis results are compared to obtain the dynamic characteristics.
Under such constraints as ball joints, the calculation is made on the attitude workspace. Finally, the parallel
mechanism under the actual operation with the measurement results show that the mechanism is effective in
achieving the single and multi degree oscillatory motions, which is featured in a large work space,
high-precision and high-speed rate, also highlighted by higher kinematic performance.
YE5 8t Parallel mechanism; Kinematics; Flexible dynamic; High-speed; Wind tunnel test
KeyWords Plus: MANIPULATOR; ROBOT
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CATALYTIC COMBUSTION OF n-C4H;0 AND DME IN SWISS-ROLL COMBUSTOR
WITH POROUS CERAMICS
Zhong, BJ (Zhong, Bei-Jing)*; Yang, F (Yang, Fan)*; Yang, QT (Yang, Qing-Tao)"?
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%L An experimental study on combustion in Swiss-roll combustor with Pt-coated catalyst porous ceramics
was conducted. For n-butane/air or dimethyl ether (DME)/air mixtures, both extinction limits and temperature
distributions on an external surface of combustor were determined. The experimental results show that the lean
limits of the fuels were actually in fuel rich conditions, and the flammable range of DME is larger than that of
n-butane at low Reynolds numbers. The component analysis for the exhaust gas showed that only catalytic
reactions occurred in the combustor. The surface temperature distributions indicate that a reaction zone is
always in the center region where the catalyst is placed.
Y #5847 : DME; Extinction limits; n-C4Hyo; Pt catalyst; Swiss-roll combustor
KeyWords Plus: ELECTROSPRAYED LIQUID HYDROCARBONS; HEAT-RECIRCULATING
COMBUSTORS; MESOSCALE POWER-GENERATION; SYSTEMS; FUEL; MICROBURNERS;
EXTINCTION; MIXTURES; PLATINUM; BURNERS
T HAE# Htik: Zhong, BJ (3 iH4F %), Tsinghua Univ, Dept Engn Mech, Minist Educ, Key Lab Thermal Sci
& Power Engn, Beijing 100084, Peoples R China.
Hofik: 1. Tsinghua Univ, Dept Engn Mech, Minist Educ, Key Lab Thermal Sci & Power Engn, Beijing 100084,
Peoples R China
2. China Aerodynam Res & Dev Ctr, Mianyang, Peoples R China
LT iR ik zhongbj@tsinghua.edu.cn
R4 7t {5 B This work was supported by the National Natural Science Foundation of China (Contract Nos.
50976056, 50721140648, and 50676050).
Web of Science Z5%1: Thermodynamics; Energy & Fuels; Engineering, Multidisciplinary; Engineering,
Chemical

it 5T 77 In): Thermodynamics; Energy & Fuels; Engineering

20



China Aerodynamics Research & Development Center

Multi-symplectic methods for the Ito-type coupled KdV equation
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2L In this paper, we find that the Ito-type coupled KdV equation can be written as a multisymplectic
Hamiltonian partial differential equation (PDE). Then, multi-symplectic Fourier pseudospectral method and
multi-symlpectic wavelet collocation method are constructed for this equation. In the numerical experiments,
we show the effectiveness of the proposed methods. Some comparisons between the proposed methods are
also made with respect to global conservation properties.
1E3# 8 1A): 1to-type coupled KdV equation; Multi-symplectic; Fourier pseudospectral method; Wavelet
collocation method
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Numerical study on the gas-kinetic high-order schemes for solving Boltzmann model equation
Li, ZH (Li ZhiHui)** Peng, AP (Peng AoPing)“*Zhang, HX (Zhang HanXin)"% Deng, XG (Deng XiaoGang)?
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$##L: The high-order compact finite difference technique is introduced to solve the Boltzmann model equation,
and the gas-kinetic high-order schemes are developed to simulate the different kinetic model equations such as
the BGK model, the Shakhov model and the Ellipsoidal Statistical (ES) model in this paper. The methods are
tested for the one-dimensional unsteady shock-tube problems with various Knudsen numbers, the inner flows
of normal shock wave for different Mach numbers, and the two-dimensional flows past a circular cylinder and
a NACA 002 airfoil to verify the reliability of the present high-order algorithm and simulate gas transport
phenomena covering various flow regimes. The computed results are found in good agreement both with the
theoretical prediction from continuum to rarefied gas dynamics, the related DSMC solutions, and with the
experimental results. The numerical effect of the schemes with the different precision and the different types of
Boltzmann collision models on the computational efficiency and computed results is investigated and analyzed.
The numerical experience indicates that an approach developing and applying the gas-kinetic high-order
algorithm is feasible for directly solving the Boltzmann model equation.
SCHRZEAY: Article  E7Fh: English
YE5 & EtA: Boltzmann model equation; velocity distribution function; high-order compact scheme; discrete
velocity ordinate method; gas-kinetic high order accurate algorithm
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Design and Modeling on Stranded Wires Helical Springs
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%L A stranded wires helical spring is formed of a multilayer and coaxial strand of several wires twisted
together with the same direction of spiral. Compared with the conventional single wire spring, the stranded
wires helical spring has the notable predominance in strength, damping and vibration reduction, which is
usually used in aircraft engines, automatic weapons, etc. However, due to its complicated structure, the precise
computation of its strength and rigidity need be a correct mathematical model, which then will be imported to
finite element analysis software for solutions. Equations on solving geometric parameters, such as external
diameters of strands and screw pitches of wires, are put forward in the paper. It also proposes a novel
methodology on solving geometric parameters and establishing entity models of the stranded wires helical
spring, which provides foundation of computing mechanical parameters by FEA. Then mathematical models
on the centre line of the strand and the surface curve of each wire, after closing two ends in a spring, are
proposed. Finally, geometric parameters are solved in a case study, and a 3D entity model of a spring with 3
layers and 16 wires is established, which has validated the accuracy of the proposed methodology and the 3D
entity mathematical model. The method provides a new way to design stranded wire helical spring.
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Particle image velocimetry (P1V) measurements of tip vortex wake structure of wind turbine
Xiao, JP (Xiao, Jing-ping)*; Wu, J (Wu, Jie)*;Chen, L (Chen, Li)%; Shi, ZY (Shi, Zhe-yu)?
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%L Large-view flow field measurements using the particle image velocimetry (P1V) technique with high
resolution CCD cameras on a rotating 1/8 scale blade model of the NREL UAE phase VI wind turbine are
conducted in the engineering-oriented | broken vertical bar 3.2 m wind tunnel. The motivation is to establish
the database of the initiation and development of the tip vortex to study the flow structure and mechanism of
the wind turbine. The results show that the tip vortex first moves inward for a very short period and then
moves outward with the wake expansion, while its vorticity decreases with time after being trailed from the
trailing edge of the blade tip, and then increases continuously with the rapid rolling-up to form a strong tip
vortex. The measurements also indicate that the downstream movement of the tip vortex is nearly linear in the
very near wake under the test condition.
SCHRZEAY: Article  EFh: English
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Gas-kinetic numerical study of complex flow problems covering various flow regimes
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S China Univ Technol (SCUT), Guangzhou, PEOPLES R CHINA 4% H#:JUL 13-17, 2009
§i % The Boltzmann simplified velocity distribution function equation, as adapted to various flow regimes, is
described on the basis of the Boltzmann-Shakhov model from the kinetic theory of gases in this study. The
discrete velocity ordinate method of gas-kinetic theory is studied and applied to simulate complex multi-scale
flows. On the basis of using the uncoupling technique on molecular movements and collisions in the DSMC
method, the gas-kinetic finite difference scheme is constructed by extending and applying the unsteady
time-splitting method from computational fluid dynamics, which directly solves the discrete velocity
distribution functions. The Gauss-type discrete velocity numerical quadrature technique for flows with
different Mach numbers is developed to evaluate the macroscopic flow parameters in the physical space. As a
result, the gas-kinetic numerical algorithm is established for studying the three-dimensional complex flows
with high Mach numbers from rarefied transition to continuum regimes. On the basis of the parallel
characteristics of the respective independent discrete velocity points in the discretized velocity space, a parallel
strategy suitable for the gas-kinetic numerical method is investigated and, then, the HPF (High Performance
Fortran) parallel programming software is developed for simulating gas dynamical problems covering the full
spectrum of flow regimes. To illustrate the feasibility of the present gas-kinetic numerical method and simulate
gas transport phenomena covering various flow regimes, the gas flows around three-dimensional spheres and
spacecraft-like shapes with different Knudsen numbers and Mach numbers are investigated to validate the
accuracy of the numerical methods through HPF parallel computing. The computational results determine the
flow fields in high resolution and agree well with the theoretical and experimental data. This computing, in
practice, has confirmed that the present gas-kinetic algorithm probably provides a promising approach for
resolving hypersonic aerothermodynamic problems with the complete spectrum of flow regimes from the
gas-kinetic point of view for solving the mesoscopic Boltzmann model equation. (C) 2010 Elsevier Ltd. All
rights reserved.
RS Article; Proceedings Paper & #4: English
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Improvement of Convergence to Steady State Solutions of Euler Equations with the WENO Schemes
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i %L The convergence to steady state solutions of the Euler equations for high order weighted essentially
non-oscillatory (WENO) finite difference schemes with the Lax-Friedrichs flux splitting (Jiang and Shu, in J.
Comput. Phys. 126:202-228, 1996) is investigated. Numerical evidence in Zhang and Shu (J. Sci. Comput.
31:273-305, 2007) indicates that there exist slight post-shock oscillations when we use high order WENO
schemes to solve problems containing shock waves. Even though these oscillations are small in their
magnitude and do not affect the "essentially non-oscillatory" property of the WENO schemes, they are indeed
responsible for the numerical residue to hang at the truncation error level of the scheme instead of settling
down to machine zero. Differently from the strategy adopted in Zhang and Shu (J. Sci. Comput. 31:273-305,
2007), in which a new smoothness indicator was introduced to facilitate convergence to steady states, in this
paper we study the effect of the local characteristic decomposition on steady state convergence. Numerical
tests indicate that the slight post-shock oscillation has a close relationship with the local characteristic
decomposition process. When this process is based on an average Jacobian at the cell interface using the Roe
average, as is the standard procedure for WENO schemes, such post-shock oscillation appears. If we instead
use upwind-biased interpolation to approximate the physical variables including the velocity and enthalpy on
the cell interface to compute the left and right eigenvectors of the Jacobian for the local characteristic
decomposition, the slight post-shock oscillation can be removed or reduced significantly and the numerical
residue settles down to lower values than other WENO schemes and can reach machine zero for many test
cases. This new procedure is also effective for higher order WENO schemes and for WENO schemes with
different smoothness indicators. ~ SCHRFSZY: Article  1EF): English
2% ) WENO reconstruction; WENO interpolation; Steady state solution
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Signal Analysis and Spectrum Distortion Correction for Tunable Diode Laser Absorption
Spectroscopy System
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%L In the present paper, the signal of a tunable diode laser absorption spectroscopy (TDLAS) trace gas
sensing system, which has a wavelength modulation with a wide range of modulation amplitudes, is studied
based on Fourier analysis method. Theory explanation of spectrum distortion induced by laser intensity
amplitude modulation is given. In order to rectify the spectrum distortion, a method of synchronous amplitude
modulation suppression by a variable optical attenuator is proposed. To validate the method, an experimental
setup is designed. Absorption spectrum measurement experiments on CO, gas were carried Out. The results
show that the residual laser intensity modulation amplitude of the experimental system is reduced to similar to
0. 1% of its original value and the spectrum distortion improvement is 92% with the synchronous amplitude
modulation suppression. The modulation amplitude of laser intensity can be effectively reduced and the
spectrum distortion can be well corrected by using the given correction method and system. By using a
variable optical attenuator in the TDLAS (tunable diode laser absorption spectroscopy) system, the dynamic
range requirements of photoelectric detector, digital to analog converter, filters and other aspects of the
TDLAS system are reduced. This spectrum distortion correction method can be used for online trace gas
analyzing in process industry.
SCHRZEHY: Article i Chinese
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correction
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Geometric conservation law and applications to high-order finite difference schemes with stationary grids
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i %L The geometric conservation law (GCL) includes the volume conservation law (VCL) and the surface
conservation law (SCL). Though the VCL is widely discussed for time-depending grids, in the cases of
stationary grids the SCL also works as a very important role for high-order accurate numerical simulations.
The SCL is usually not satisfied on discretized grid meshes because of discretization errors, and the violation
of the SCL can lead to numerical instabilities especially when high-order schemes are applied. In order to
fulfill the SCL in high-order finite difference schemes, a conservative metric method (CMM) is presented. This
method is achieved by computing grid metric derivatives through a conservative form with the same scheme
applied for fluxes. The CMM is proven to be a sufficient condition for the SCL, and can ensure the SCL for
interior schemes as well as boundary and near boundary schemes. Though the first-level difference operators
delta(3) have no effects on the SCL, no extra errors can be introduced as delta(3) = delta(2). The generally
used high-order finite difference schemes are categorized as central schemes (CS) and upwind schemes (UPW)
based on the difference operator delta(1) which are used to solve the governing equations. The CMM can be
applied to CS and is difficult to be satisfied by UPW. Thus, it is critical to select the difference operator delta(1)
to reduce the SCL-related errors. Numerical tests based on WCNS-E-5 show that the SCL plays a very
important role in ensuring free-stream conservation, suppressing numerical oscillations, and enhancing the
robustness of the high-order scheme in complex grids. (C) 2010 Elsevier Inc. All rights reserved.
SCHRZEAL: Article & F: English
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Design and fabrication of stereolithography-based aeroelastic wing models
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$#%L: Purpose - The purpose of this paper is to present a novel method to design and fabricate aeroelastic wing
models for wind tunnel tests based on stereolithography (SL). This method can ensure the structural similarity
of both external and internal structures between models and prototypes. Design/methodology/approach - An
aluminum wing-box was selected as the prototype, and its natural modes were studied by FEA and scaled
down to obtain the desired dynamic behavior data. According to similarity laws, the structurally similar model
was designed through a sequential design procedure of dimensional scaling, stiffness optimization and mass
optimization. An SL model was then fabricated, and its actual natural modes was tested and compared with the
desired data of the prototype. Findings - The first two natural frequencies of the model presented strong
correlation with the desired data of the prototype. Both the external and internal structures of the model
matched the prototype closely. The Sl-based method can significantly reduce the total mass and simplify the
locating operations of balance-weights. The cost and time for the fabrication were reduced significantly.
Research limitations/implications - Further investigation into the material properties of SL resins including
stiffness and damping behaviors due to layered process is recommended toward higher prediction accuracy.
Wind tunnel tests are needed to study the in situ performance and durability of SL models. Originality/value -
Although the paper takes a wing-box as the study object, structurally similar SL models of entire wings can be
obtained conveniently, benefiting from the low-stiffness material properties of SL resins and the fabrication
capacity to build complex structures of SL process. This paper enhances the versatility of using SL and other
rapid prototyping processes to fabricate models to predict aeroelastic characteristics of aircraft.
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%% Purpose - In view of the strength and stiffness deficiencies of current photopolymer resin models under
high aerodynamic loads, the purpose of this paper is to introduce a preliminary design and manufacturing
technique for hybrid lightweight high-speed wind-tunnel models with internal metal frame and surface
photopolymer resin based on rapid prototyping (RP). Design/methodology/approach - Internal metal frame
structure was designed to be of regular configurations that can be conveniently fabricated by conventionally
mechanical manufacturing methods. Outer resin components were designed to meet configuration fidelity and
surface quality, which were fabricated by RP apparatus. Combination of aerodynamics and structure was
utilized to accomplish structural design, strength and stiffness calibration and vibration analysis. Structural
design optimization and manufacturing method of the validated hybrid AGARD-B models were studied by
analysis of manufacturing precision, surface quality processing and mechanical capability. Findings - The
method with internal metal frame and outer resin has dramatically improved the overall strength and stiffness
of RP parts of the hybrid AGARD-B model, and it is suitable to construct the high-speed wind-tunnel models
with complex internal structure. The method could decrease the model's weight and prevent resonance
occurrence among the models, wind-tunnel and support system, and shorten processing period, and also it
leads to decrease in manufacturing period and cost. Research limitations/implications - Stiffness of thin
components for outer resin configuration is somewhat poor under high aerodynamic loads in a high-speed
wind-tunnel test, and the effect of deformation of the components on the experimental results should be taken
into account. Originality/value - This method can enhance the versatility of using RP technique in the
fabrication of high-speed wind-tunnel models, especially for experimental models with complex structure.
Aerodynamic and structural combination design and structural optimization for hybrid models make RP
techniques more practical for manufacturing high-speed wind-tunnel models.
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ScienceA Numerical Method for Simulation of Three Dimensional Ice Accretion on Aircrafts
Yi, X (Yi, X.)%; Wang, KC (Wang, K. C.); Zhu, GL (Zhu, G. L.)"; Gui, YW (Gui, Y. W.)

KUY RY): RECENT PROGRESSES IN FLUID DYNAMICS RESEARCH - PROCEEDINGS OF THE
SIXTH INTERNATIONAL CONFERENCE ON FLUID MECHANICS M-1i: AIP Conference Proceedings
£:1376  HiARAE: 2011
e YR 0 Gk Web of Science) 511 11Z% Cilik: 6
£x1%: 6th International Conference on Fluid Mechanics 413} /i: Guangzhou, PEOPLES R CHINA 413 H
HA: JUN 30-JUL 03, 2011 4% 8)Es: Chinese Soc Theoret & Appl Mech (CSTAM); Sun Yat-Sen Univ
(SYSU); Gesellschaft Angewandte Mathematik & Mechanik (GAMM); U S Natl Comm Biomech (NCB US);
Engn Mech Inst/ASCE (EMI/ASCE); Appl Mech Div/ASME (AMD/ASME); Japan Soc Mech Engn (JSME);
Japan Soc Fluid Mech (JSFM); Int Assoc Hydraul Res (IAHR); K C Wong Educ Fdn; Natl Nat Sci Fdn China;
Inst Mech, Chinese Acad Sci (IMECH CAS); Hong Kong Soc Theoret & Appl Mech (HKSTAM); Guangdong
Soc Theoret & Appl Mech (GDSTAM); S China Univ Technol (SCUT); S China Sea Inst Oceanol, Chinese
Acad Sci (SCSIOCAS); Guangzhou Inst Energy Convers, Chinese Acad Sci (GZIECCAS)
%L A numerical method for simulation of three dimensional ice accretion on aircraft is proposed in this
paper. An Eulerian method for computation of collection efficiency on icing surface is presented at first. The
external flow field of gas phase is calculated with computational fluid dynamics (CFD) method, based on
which the governing equations of water phase are solved, and the corresponding collection efficiency is
obtained. A three-dimensional model, considering effects of runback water, is then presented, and an iterative
arithmetic for solving the model is developed. The impingement characteristics of a three elements wing are
computed to evaluate the numerical method for collection efficiency calculation. Ice accretion on a MS-317
swept wing is calculated, and the consequent ice shape is compared with that of an experiment and Lewice3D.
All the computational results are in good agreement with data of the experiment and reference, which indicates
that the proposed method is feasible.
SCHRZEAY: Proceedings Paper il English
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Extending Weighted Compact Nonlinear Schemes to Complex Grids with
Characteristic-Based Interface Conditions
Deng, XG (Deng, Xiaogang)*; Mao, ML (Mao, Meiliang)*; Tu, GH (Tu, Guohua)®; Zhang, YF (Zhang,
Yifeng)'; Zhang, HX (Zhang, Hanxin)*

KUY H ) AIAA JOURNAL #5:48 HH:1211: 2840-2851 DOI: 10.2514/1.J050285  Hihi4F: DEC 2010
WS4 4 Gk H Web of Science) 51 H 12 2% SCiik: 32
$#%L: There are still some challenges, such as grid quality, numerical stability, and boundary schemes, in the
practical application of high-order finite difference schemes for complex configurations This study presents
some improved strategies that indicate potential engineering applications of high-order schemes The formally
fifth-order weighted compact nonlinear scheme developed by the authors is implemented on point Matched
multiblock structured grids, which are generated over complex configurations to ensure the grid quality of each
component block The information transmission between neighboring blocks is carried Out by new
characteristic-based interface conditions that directly exchange the spatial derivatives on each side of an
interface by means of a characteristic-based projection to keep the high-order accuracy and high resolution of a
spatial difference scheme The high-order scheme combined with the interface conditions is shown to be
asymptotically stable The engineering-oriented applications of the high-order strategy are demonstrated by
solving several two- and three'-dimensional problems with complex grid systems.
SCHRZEAY: Article &b English
KeyWords Plus: HIGH-ORDER-ACCURATE; BOUNDARY-CONDITIONS; DIFFERENCE-SCHEMES;
EQUATIONS; FLOWS
T HAE & Hulik: Deng, XG (i 1H{FE#),China Aerodynam Res & Dev Ctr, State Key Lab Aerodynam,
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Hydrogen-assisted catalytic ignition characteristics of different fuels

Zhong, BJ (Zhong Bei-Jing)"; Yang, QT (Yang Qing-Tao)™?; Yang, F (Yang Fan)*
KRR COMBUSTION AND FLAME #5: 157 #f 10 12: 2005-2007 DOI: 10.1016/j.combustflame.2010.06.014
T OCT 2010
WS I4IR: 4 Gk Web of Science) 51 H] 12 2% Ciik: 20
%L Hydrogen-assisted catalytic ignition characteristics of methane (CH(4)), n-butane (n-C(4)H(10)) and
dimethyl ether (DME) were studied experimentally in a Pt-coated monolith catalytic reactor. It is concluded
that DME has the lowest catalytic ignition temperature and the least required H(2) flow, while CH(4) has the
highest catalytic ignition temperature and the highest required H(2) flow among the three fuels. (C) 2010 The
Combustion Institute. Published by Elsevier Inc. All rights reserved.
SCHRZEAY: Article  E7Fb: English
KeyWords Plus: COMBUSTION; PLATINUM; MIXTURES; EXTINCTION; OXIDATION
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Low Observable Moving Target Tracking Based on Modified PDA-AI
Li, ZZ (Li, Zhengzhou)*; Li, GP (Li, Guoping)®; Tan, J (Tan, Ju)*?; Tian, FC (Tian, Fengcun)®; Jin, G (Jin,
Gang)?; Ren, YC (Ren, Youcheng)®
K RY): JOURNAL OF INFRARED MILLIMETER AND TERAHERTZ WAVES #%: 31 #: 10
i:1245-1256  DOI: 10.1007/s10762-010-9684-2  Hilix4FE: OCT 2010
W5 I4R: 0 Gk Web of Science) 51H] 12 2% Ciik: 15
$#%L: During tracking low observable moving target in electro-optical (EQ) imaging tracking system, multiple
false alarms resulted from low signal-to-noise rate (SNR) would seriously debase the performance of target
tracking. Probabilistic data association with amplitude information (PDA-AI) assumes that amplitude of target
is not correlative among different sampling instants and larger amplitude is, greater the probability of validated
measurement being target of interest would be. In EO imaging tracking system, amplitude and motion of target
of interest are consistent and highly correlative. A modified PDA-AI is discussed and developed to resolve the
inconsistency between PDA-AI and EO tracking system in this paper, which analyzes target motion by means
of modeling amplitude and motion as well as their consistency as stationary random signal. The theory
analysis with Cramer-Rao lower bound (CRLB) and experiments results show that the performance of low
observable target tracking of the modified PDA-AI would be more accurate and more reliable than that of the
original PDA-AL.
SCHRZEAY: Article & 7Fb: English
YE35 J8tiA]: Low observable moving target tracking; Target motion analysis; Probabilistic data association;
Amplitude information; Cramer-Rao lower bound
KeyWords Plus: DATA ASSOCIATION TECHNIQUES; MOTION ANALYSIS; EO SENSORS; CLUTTER;
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Investigation on heat transfer characteristics of aircraft icing including runback water
Du, YX (Du Yanxia)®; Gui, YW (Gui Yewei)"; Xiao, CH (Xiao Chunhua)®; Yi, XA (Yi Xian)*

KUY HRY): INTERNATIONAL JOURNAL OF HEAT AND MASS TRANSFER #: 53 Hi: 19-20
71:3702-3707  DOI: 10.1016/j.ijheatmasstransfer.2010.04.021 i iz4FE: SEP 2010
WS I4R: 0 Gk Web of Science) 51 H 2% SCiik: 12
%L The heat transfer characteristics of aircraft icing process were investigated based on the theories of
liquid-solid phase change and film flow. The heat transfer model which couples runback water flow with
liquid-solid phase change was established and the influence of airflow parameters on the characteristics of
icing growth was analyzed. The results indicate that the runback water on the icing surface will accelerate the
liquid-solid phase change and the icing process. The shear stress caused by the airflow is the key factor to the
runback water flow. The higher the airflow velocity, the greater the shear stress and stronger the runback water
flow. Under the condition of runback water flow, the velocity and temperature of the airflow are the main
causes effecting on the icing accretion. The higher the airflow velocity or the lower the temperature is, the
greater the icing rate will be. The liquid water content (LWC) and the collection efficiency have weak effect on
the icing rate comparatively. (C) 2010 Elsevier Ltd. All rights reserved.
SCHRZEAY: Article &b English
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Aerodynamic Characteristics of Transonic and Supersonic Flow over Rectangular Cavities
Yang, DG (Yang, DangGuo)®; Li, JQ (Li, JianQiang)*; Fan, ZL (Fan, ZhaoLin); Yao, D (Yao, Dan)*

K h):FLOW TURBULENCE AND COMBUSTION#::84:4111:639-652 DOI: 10.1007/s10494-010-9246-7

HRAF: JUN 2010

W5 I4R: 0 Gk Web of Science) 51 H] 12 2% Ciik: 13

%L An experimental and computational investigation has been performed to investigate flow characteristics

and flow-field structures for three types of rectangular cavities. The data presented herein was obtained with

cavity length to depth ratio of 6, 10 and 15 at OA degrees of attack, yawing and rolling angles of OA degrees

over free-stream Mach numbers of 0.6, 0.8, 1.2 and 1.5 at Reynolds numbers of 1.23 x10(7), 1.55 x10(7), 2.01

x10(7) and 2.26 x10(7) per meter. The results indicate that the shear-layer expands over the cavity leading edge

and impinges on the cavity floor for closed cavity flow, whereas it bridges the open cavity. The static pressure

distributions are relatively uniform with the exception of a small adverse gradient occurring ahead of the rear

face inside open cavity. Cavity length to depth ratio is a key geometrical parameter to define cavity flow types

and influent pressure distributions inside cavities, and its decrease induces a decrease in pressure gradient.

Increase in free-stream Mach numbers results in the trend that cavity flow types transform from closed to

transitional cavity flow and from transitional to open cavity flow.

SCHRZEAY: Article &b English

YE5 JEtA]: Cavity; Flow characteristics; Pressure distributions; Aerodynamic characteristics; Transonic and

supersonic
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Influences of Amorphous Phase on the Growth of Nanocrystalline Ag during Replacement Reactions
Tong, WJ (Tong Wenjun)*; Zhu, C (Zhu Chao)?; Ding, CH (Ding Chunhua)

K H RY): RARE METAL MATERIALS AND ENGINEERING #45:394:611:958-962 i filR4F:: JUN 2010
W5 I4IR: 0 Gk Web of Science) 5112 2% Ciik: 24
%L Influences of amorphous film formation on the growth of nanocrystalline Ag during replacement
reactions were investigated. Amorphous films with a thickness of 5-10 nm were observed by HRTEM on the
growth tip of Ag nanopaticles. The growth of Ag nanocrytallines depends on the in situ crystallization of
amorphous films. Both in situ nucleation of crystalline Ag in amorphous films and without nucleation can take
place. The stability of amorphous films depends on the concentration of AgNOj; solution. In 80 mmol.L-1 or
lower AgNO; solution, amorphous films can exist stably, while in 400 mmol.L-1 AgNO; solution no
amorphous films can be detected.
SCHRZEAY: Article  E7Fh: English
2 8t nanocrystalline Ag; amorphous phase; crystal growth
KeyWords Plus: SHAPE-CONTROLLED SYNTHESIS; SILVER NANOSPHERES; NANOSTRUCTURES;
NANOWIRES
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Engineeringlnfluence of H,O and CO; in Air on the Combustion of Ethylene (11) -Reaction
Mechanism and Kinetics Simulation

Shao, JX (Shao Ju-Xiang)"% Tan, NX (Tan Ning-Xin)*; Liu, WX (Liu Wei-Xiong)®; Li, XY (Li Xiang-Yuan)*
KU H I ACTAPHYSICO-CHIMICASINICA  #4:26  JH:2  1:270-276  HAR4F: FEB 2010
WG I4R: 1 Gk E Web of Science) 51 H 2% SCiik: 27
$##L: Clean air at high temperature and velocity is used as the oxidant during fuel combustion in a hypersonic
scramjet. In ground tests, however, the high-temperature air produced by combustion heating contains H,O and
CO, as contaminants. In this study, the influence of H,O and CO; in air upon the equilibrium temperature and
pressure, and the ignition delay time for ethylene combustion were investigated by a Kinetics simulation
method using a plug flow reactor. Different initial temperatures, pressures, and equivalence ratios were studied.
We find that the presence of H,O promotes combustion whereas CO, inhibits combustion. Both H,O and CO,
result in a decrease of the equilibrium temperature and pressure during ethylene combustion, and CO; has a
comparatively larger influence than H,O. The simulated result was used to interpret the experimental
phenomena.
SCHRZEHY: Article i Chinese
YE& 8t Kinetics simulation; Plug flow reactor; Combustion of ethylene; Contaminant
KeyWords Plus: OXYGEN-ARGON MIXTURES; SHOCK-WAVES; OXIDATION; IGNITION; FLAMES;
TUBE; HYDROCARBONS; PYROLYSIS; DILUENT
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Topological structure of shock induced vortex breakdown
Zhang, SH (Zhang, Shuhai); Zhang, HX (Zhang, Hanxin); Shu, CW (Shu, Chi-Wang)?
KU HRY): JOURNAL OF FLUID MECHANICS#5:63911:343-372 DOI: 10.1017/S002211200999108X
HiR4FE: NOV 25 2009
WG IHR: 1 Gk E Web of Science) 51 12 2% Ciik: 45
$#%L: Using a combination of critical point theory of ordinary differential equations and numerical simulation
for the three-dimensional unsteady Navier-Stokes equations, We Study possible flow structures of the vortical
flow, especially the unsteady vortex breakdown in the interaction between a normal shock wave and a
longitudinal vortex. The topological structure contains two parts. One is the sectional streamline pattern in the
cross-section perpendicular to the vortex axis. The other is the sectional streamline pattern in the symmetrical
plane. In the cross-section perpendicular to the vortex axis, the sectional streamlines have spiral or centre
patterns depending on a function lambda(x, t) = 1/rho(partial derivative rho/partial derivative t+partial
derivative rho u/partial derivative x), where x is the coordinate corresponding to the vortex axis. If lambda > 0,
the sectional streamlines spiral inwards in the near region of the centre. If lambda < 0, the sectional streamlines
spiral outwards in the same region. lambda = 0, the sectional streamlines form a nonlinear centre. If lambda
changes its sign along the vortex axis, one or more limit cycles appear in the sectional streamlines in the
cross-section perpendicular to the vortex axis. Numerical simulation For two typical cases of shock induced
vortex breakdown (Erlebacher, Hussaini & Shu, J. Fluid Mech., vol. 337, 1997, p. 129) is performed. The
onset and time evolution of the vortex breakdown are studied. It is found that there are more limit cycles for
the sectional streamlines in the cross-section perpendicular to the vortex axis. In addition, we find that there
are quadru-helix structures in the tail of the vortex breakdown.
SCHRZEAY: Article &7 English
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Influence of H,O and CO, Contamination in Air on the Combustion Properties of Ethylene
Liu, WX (Liu Wei-Xiong)"; Yang, Y (Yang Yang)"; Shao, JX (Shao Ju-Xiang)®; Song, WY (Song Wen-Yan)?;
Li, XY (Li Xiang-Yuan)? Le, JL (Le Jia-Ling)*
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W5 I4R: 1 Gk E Web of Science) 51 M 12 2% Ciik: 10
$##L: Clean air at high temperature and velocity acts as oxidant for fuel combustion in a hypersonic scramijet.
In ground tests, however, high temperature air produced by combustion heating contains H,O and CO,
contaminants. In this study, the effects of contamination on the properties and wall pressure of a combustion
chamber during C,H, combustion was investigated. Clean air was heated via electric resistance and water
vapor and carbon dioxide gas were added to simulate vitiated air. Through comparative experiments between
clean air and vitiated air, effects such as the stability of the flame and the wall pressure inside the combustion
chamber on the contamination during the combustion of ethylene were evaluated. Furthermore, the impacts of
H,0 and CO; in air upon ignition delay and combustion temperature were simulated by assuming a rigid and
adiabatic reactor. Results from both experiment and kinetics modeling are discussed by considering the chain
reaction mechanism.
SCHRZEHY: Article  #EFf: Chinese
2 et Kinetics simulation; Combustion of ethylene; Contaminant; Scramjet
KeyWords Plus: FLAMES; HYDROGEN
T HAE ek Liu, WX (Gl AEF),China Aerodynam Res & Dev Ctr, Mianyang 621000, Sichuan Prov,
Peoples R China
Hofik: 1. China Aerodynam Res & Dev Ctr, Mianyang 621000, Sichuan Prov, Peoples R China

2. Sichuan Univ, Coll Chem Engn, Chengdu 610065, Peoples R China

3. NW Polytech Univ, Sch Power & Energy, Xian 710072, Peoples R China
LT HE2E 3L Iwx_29@126.com; xyli@scu.edu.cn
H 4% W5 S The project was supported by the National Natural Science Foundation of China (20533070,
20873087).
HIRFES: PEKING UNIV PRESS, PEKING UNIV, CHEMISTRY BUILDING, BEIJING 100871, PEOPLES R
CHINA
Web of Science 4)2%: Chemistry, Physical

2F RS Chemistry

40



China Aerodynamics Research & Development Center

Gas-kinetic numerical schemes for one- and two-dimensional inner flows
Li, ZH (Li, zhi-hui)*% Bi, L (Bi, Lin)*; Tang, ZG (Tang, Zhi-gong)*
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W5 I4R: 0 Gk Web of Science) 51 M 12 2% Ciik: 26
%L Several kinds of explicit and implicit finite-difference schemes directly solving the discretized velocity
distribution functions are designed with precision of different orders by analyzing the inner characteristics of
the gas-kinetic numerical algorithm for Boltzmann model equation. The peculiar flow phenomena and
mechanism from various flow regimes are revealed hi the numerical simulations of the unsteady Sod
shock-tube problems and the two-dimensional channel flows with different Knudsen numbers. The numerical
remainder-effects of the difference schemes are investigated and analyzed based on the computed results. The
ways of improving the computational efficiency of the gas-kinetic numerical method and the computing
principles of difference discretization are discussed.
SCHRZEAY: Article  iE7Fh: English
YE3& JEEA]: Boltzmann model equation; gas-kinetic numerical schemes; discrete velocity ordinate method;
shock-tube problems; channel flows
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The mechanism of sound generation in the interaction between a shock wave and two
counter-rotating vortices
Zhang, SH (Zhang, Shuhai)®; Jiang, SF (Jiang, Shufen); Zhang, YT (Zhang, Yong-Tao)? Shu, CW (Shu, Chi-Wang)?
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%L The interaction between a shock wave and two counter-rotating vortices is simulated systematically
through solving the two-dimensional, unsteady, compressible Navier-Stokes equations using a fifth order
weighted essentially nonoscillatory finite difference scheme. The main purpose of this study is to reveal the
mechanism of sound generation in the interaction between a shock wave and two counter-rotating vortices. It
is found that there are two regimes of sound generation in this interaction. The first regime corresponds to the
shock interaction with two isolated vortices, in which the sound wave generated by the interaction between the
shock wave and two counter-rotating vortices equals to the linear combination of the sound waves generated
by the interactions between the same shock wave and each vortex. The second regime corresponds to the shock
interaction with a coupled vortex pair, in which the sound wave comes from two processes. One is the vortex
coupling, and the second is the interaction between the shock wave and the coupled vortex pair.
SCHRZEAY: Article &b English
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waves; vortices
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Track Initiation for Dim Small Moving Infrared Target Based on Spatial- Temporal Hypothesis Testing

Li, ZZ (Li, Zhengzhou)*; Qi, L (Qi, Lei)"; Li, WY (Li, Wenyan)*; Jin, G (Jin, Gang)>*; Wei, M (Wei, Ming)®
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513-525 DOI: 10.1007/s10762-008-9459-1 i /iRx4F: MAY 2009
WS IHR: 1 Gk Web of Science) 5112 2% Ciik: 13
$#%L: Track initiation for dim small moving target particularly in a heavy clutter environment is a theoretical
and technological challenge for diverse tracking systems. The different spatial-temporal characteristics
presenting in sequence scans are utilized to recognize target and initialize track in this paper. In spatial domain,
the small target mapped in the image is a uniform gray spot other than pixel-sized object with high
congregated degree, whereas, the false alarm is independent, irrelative and lower congregated degree. In
temporal domain, the target's trajectory projected on image sequence is continuous for the continuity of target
motion and will appear in the neighborhood at consecutive instants with the maximum probability, on the
contrary, the false alarm is disorderly, and occurs in the neighborhood at consecutive instants is impossible.
Based on the spatial-temporal characteristics mentioned above, a track initiation algorithm for dim small
moving target based on spatial-temporal hypothesis testing, which consists of neighborhood clustering and
trajectory continuity, is derived and analyzed in detail. The theory analysis and experimental results show that
this method could effectively initialize the track for dim small moving target in heavy clutter environment.
SCHRZEAY: Article &b English
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testing
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Gas-kinetic numerical studies of three-dimensional complex flows on spacecraft re-entry
Li, ZH (Li, Zhi-Hui)*% Zhang, HX (Zhang, Han-Xin)*
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§i % The gas-kinetic numerical algorithm solving the Boltzmann model equation is extended and developed
to study the three-dimensional hypersonic flows of spacecraft re-entry into the atmosphere in perfect gas. In
this study, the simplified velocity distribution function equation for various flow regimes is presented on the
basis of the kinetic Boltzmann-Shakhov model. The discrete velocity ordinate technique and numerical
quadrature methods, Such as the Causs quadratUre formulas with the weight function 2/pi(1/2) exp(-V(2)) and
the Gauss-Legendre numerical quadrature rule, are Studied to resolve the barrier in Simulating complex flows
from low Mach numbers to hypersonic problems. Specially, the gas-kinetic finite-difference scheme is
constructed for the Computation of three-dimensional flow problems, which directly captures the time
evolution of the molecular velocity distribution function. The gas-kinetic boundary conditions and numerical
procedures are studied and implemented by directly acting on the velocity distribution function. The HPF(high
performance fortran) parallel implementation technique for the gas-kinetic numerical method is developed and
applied to study the hypersonic flows around three-dimensional complex bodies. The main purpose of the
current research is to provide a way to extend the gaskinetic numerical algorithm to the flow computation of
three-dimensional complex hypersonic problems with high Mach numbers. To verify the current method and
simulate gas transport phenomena covering various flow regimes, the three-dimensional hypersonic flows
around sphere and spacecraft shape with different Knudsen numbers and Mach numbers are studied by HPF
parallel computing. Excellent results have been obtained for all examples computed. (C) 2008 Elsevier Inc. All
rights reserved.  SCHRFSHY: Article  i5#f: English
1E# CHE]: Kinetic theory of gases; Velocity distribution function; Boltzmann model equation; Discrete
velocity ordinate method; Finite-difference computation; Three-dimensional complex flow; Spacecraft re-entry
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SOLVER
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A block LU-SGS implicit unsteady incompressible flow solver on hybrid dynamic grids for

2D external bio-fluid simulations

Zhang, LP(Zhang, L. P)"; Chang, XH (Chang, X. H.)'; Duan, XP (Duan, X. P); Wang, ZY (Wang, Z. Y); Zhang, HX (Zhang, H. X)*
Sk Ed: COMPUTERS & FLUIDS #5: 38 1] 2 11 290-308 DOI: 10.1016/j.compfluid.2008.03.001  HfiléF: FEB 2009
W5 I4IR: 4 Gk Web of Science) 51 H] 12 2% Cik: 60
5% A hybrid dynamic grid generation technique for two-dimensional (2D) morphing bodies and a block
lower-upper symmetric Gauss-Seidel (BLU-SGS) implicit dual-time-stepping method for unsteady
incompressible flows are presented for external bio-fluid simulations. To discretize the complicated
computational domain around 2D morphing configurations such as fishes and insect/bird wings, the initial
grids are generated by a hybrid grid strategy firstly. Body-fitted quadrilateral (quad) grids are generated first
near solid bodies. An adaptive Cartesian mesh is then generated to cover the entire computational domain.
Cartesian cells which overlap the quad grids are removed from the computational domain, and a gap is
produced between the quad grids and the adaptive Cartesian grid. Finally triangular grids are used to fill this
gap. During the unsteady movement of morphing bodies, the dynamic grids are generated by a coupling
strategy of the interpolation method based on 'Delaunay graph' and local remeshing technique. With the motion
of moving/morphing bodies, the grids are deformed according to the motion of morphing body boundaries
firstly with the interpolation strategy based on 'Delaunay graph' proposed by Liu and Qin. Then the quality of
deformed grids is checked. If the grids become too skewed, or even intersect each other, the grids are
regenerated locally. After the local remeshing, the flow solution is interpolated from the old to the new grid.
Based on the hybrid dynamic grid technique, an efficient implicit finite volume solver is set Lip also to solve
the unsteady incompressible flows for external bio-fluid dynamics. The fully implicit equation is solved using
a dual-time-stepping approach, Coupling with the artificial compressibility method (ACM) for incompressible
flows. In order to accelerate the convergence history in each sub-iteration. a block lower-upper symmetric
Gauss-Seidel implicit method is introduced also into the solver. The hybrid dynamic grid generator is tested by
a group of cases of morphing bodies. while the implicit unsteady solver is validated by typical unsteady
incompressible now case, and the results demonstrate the accuracy and efficiency of present solver. Finally,
some applications for fish swimming and insect wing napping are carried out to demonstrate the ability for 2D
external bio-fluid Simulations. (C) 2008 Elsevier Ltd. All rights reserved.
SCHRZEAY: Article iEF: English
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INVESTIGATION ON THE REYNOLDS NUMBER EFFECT ON FLOW ASYMMETRY
OVER SLENDER BODIES AT HIGH INCIDENCE

Wang, YJ (Wang Yuanjing); Fan, ZL (Fan Zhaolin)*; Li, H (Li Hao)*
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21 2nd International Symposium on Physics of Fluids £ Hhs5: Jiuzhaigou, PEOPLES R CHINA 41
F1: JUN 09-12, 2008
%L Investigation of Reynolds number effect on flow asymmetry over slender bodies at high incidence was
conducted. Results show that increasing of wind velocity affects flow asymmetry by changing the intensity of
the vortices; Model scale affects the distance between the main vortices, which determines the stability of the
vortices and results in the discrepancy in the flow asymmetry over different scale models.
kG Article; Proceedings Paper &l English
Y2 et High incidence; flow asymmetry; Reynolds number effect
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ANALYSIS OF THE EFFECTS OF MASS-INJECTION AT THE LEADING EDGE ON
CAVITY FLOW CHARACTERISTICS
Wu, JF (Wu, Ji Fei)*; Fan, ZL (Fan, Zhao Lin)*; Luo, XF (Luo, Xin Fu)*
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231 2nd International Symposium on Physics of Fluids <513 #5: Jiuzhaigou, PEOPLES R CHINA 213
F1: JUN 09-12, 2008
$# %L An experimental investigation was conducted in a high speed wind tunnel to explore the effects of
mass-injection on cavity flow characteristics. Detailed static-pressure and fluctuating pressure measurements
were obtained at the cavity floor to enable the effects of the mass-injection at the leading edge to be
determined. Results indicate that varying mass-injection hole number and the flux rate of mass-injection has
no significant effect on cavity flow characteristics. However, mass-injection can reduce the cavity static
pressure gradient when the cavity flow type is transitional-cavity flow. The study also indicates that Mach
number can influence the effect of mass-injection on cavity fluctuating pressure distributions, and at
supersonic speeds, mass-injection can suppress the cavity tones effectively
kS Article; Proceedings Paper i English
2 4t Cavity; sound pressure level (SPL); cavity tone
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Gas-kinetic description of shock wave structures by solving Boltzmann model equation
Li, ZH (Li, Zhi-Hui)*% Zhang, HX (Zhang, Han-Xin)*
K H IR INTERNATIONAL JOURNAL OF COMPUTATIONAL FLUID DYNAMICS #:22 #1:9 Wi:
623-638 DOI: 10.1080/10618560802395117 i ix4-: OCT-NOV 2008
WG I4IKR: 3 Gk Web of Science) 51 M 12 2% SCiik: 42
$#%L: On the basis of the mesoscopic theory of Boltzmann-type velocity distribution function, the modified
Boltzmann model equation describing the one-dimensional gas flows from various flow regimes is presented
by incorporating the molecular interaction models relating to the viscosity and diffusion cross-sections, density,
temperature and the dependent exponent of viscosity into the molecular collision frequency. The gas-kinetic
numerical method for directly solving the molecular velocity distribution function is studied by introducing the
reduced distribution functions and the discrete velocity ordinate method, in which the unsteady time-splitting
method and the NND finite difference scheme are applied. To study the inner flows of non-equilibrium shock
wave structures, the one-dimensional unsteady shock-tube problems with various Knudsen numbers and the
steady shock wave problems at different Mach numbers are numerically simulated. The computed results are
found to give good agreement with the theoretical, DSMC and experimental results. The computing practice
has confirmed the good precision and reliability of the gas-kinetic numerical algorithm in solving the highly
nonequilibrium shock wave disturbances from various flow regimes.
SCHRZEAY: Article iEF: English
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velocity ordinate technique; numerical methods
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Robust airfoil optimization with multi-objective estimation of distribution algorithm

Zhong, XP (Zhong Xiaoping)*; Ding, JF (Ding Jifeng)?; Li, WJ (Li Weiji)'; Zhang, Y (Zhang Yong)®
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%L A transonic airfoil designed by means of classical point-optimization may result in its dramatically
inferior performance under off-design conditions. To overcome this shortcoming, robust design is proposed to
find out the optimal profile of an airfoil to maintain its performance in an uncertain environment. The robust
airfoil optimization is aimed to minimize mean values and variances of drag coefficients while satisfying the
lift and thickness constraints over a range of Mach numbers. A multi-objective estimation of distribution
algorithm is applied to the robust airfoil optimization on the base of the RAE2822 benchmark airfoil. The
shape of the airfoil is obtained through superposing ten Hick-Henne shape functions upon the benchmark
airfoil. A set of design points is selected according to a uniform design table for aerodynamic evaluation. A
Kriging model of drag coefficient is constructed with those points to reduce computing costs. Over the Mach
range from 0.7 to 0.8, the airfoil generated by the robust optimization has a configuration characterized by
super-critical airfoil with low drag coefficients. The small fluctuation in its drag coefficients means that the
performance of the robust airfoil is insensitive to variation of Mach number.
SCHRZEAY: Article iEF: English
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Development of nonlinear weighted compact schemes with increasingly higher order accuracy
Zhang, SH (Zhang, Shuhai)?; Jiang, SF (Jiang, Shufen)?; Shu, CW (Shu, Chi-Wang)*
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%L In this paper, we design a class of high order accurate nonlinear weighted compact schemes that are
higher order extensions of the nonlinear weighted compact schemes proposed by Deng and Zhang [X. Deng, H.
Zhang, Developing high-order weighted compact nonlinear schemes, J. Comput. Phys. 165 (2000) 22-44] and
the weighted essentially non-oscillatory schemes of Jiang and Shu [G.-S. Jiang, C.-W. Shu, Efficient
implementation of weighted ENO schemes, J. Comput. Phys. 126 (1996) 202-228] and Balsara and Shu [D.S.
Balsara, C.-W. Shu, Monotonicity preserving weighted essentially non-oscillatory schemes with increasingly
high order of accuracy, J. Comput. Phys. 160 (2000) 405-452]. These nonlinear weighted compact schemes are
proposed based on the cell-centered compact scheme of Lele [S.K. Lele, Compact finite difference schemes
with spectral-like resolution, J. Comput. Phys. 103 (1992) 16-42]. Instead of performing the nonlinear
interpolation on the conservative variables as in Deng and Zhang (2000), we propose to directly interpolate the
flux on its stencil. Using the Lax-Friedrichs flux splitting and characteristic-wise projection, the resulted
interpolation formulae are similar to those of the regular WENO schemes. Hence, the detailed analysis and
even many pieces of the code can be directly copied from those of the regular WENO schemes. Through
systematic test and comparison with the regular WENO schemes, we observe that the nonlinear weighted
compact schemes have the same ability to capture strong discontinuities, while the resolution of short waves is
improved and numerical dissipation is reduced. (c) 2008 Elsevier Inc. All rights reserved.
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Design and fabrication of a hybrid surface-pressure airfoil model based on rapid prototyping
Zhou, ZH (Zhou, Zhihua)*; Li, DC (Li, Dichen)*; Zhang, ZY (Zhang, Zhengyu)?; Zeng, JH (Zeng, Junhua)®
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H 4 2008
W5 I4IR: 3 Gk Web of Science) 1M 12 2% Ciik: 26
J#%L: Purpose - The purpose of this paper is to develop and present a hybrid design and fabrication method
based on rapid prototyping (RP) and electrochemical deposition (ED) techniques to fabricate a pressure
wind-tunnel model with complex internal structure and sufficient mechanical strength.
Design/methodology/approach - After offsetting inward by applied coating thickness, the airfoil model was
modified with three pairs of deflecting control surfaces and 24 surface pressure taps and internal passages. The
stereolithography (SL) prototype components were fabricated on SL apparatus and roughened by chemical
treatments. And then metal-coated SL components of the airfoil model were created by ED technique. After
assembling, a hybrid pressure airfoil model was obtained. Findings - Electrodeposited nickel coating has
dramatically improved the overall strength and stiffness of SL parts and the hybrid fabrication method is
suitable to construct the wind-tunnel model with complex internal structure and sufficient mechanical strength,
Research limitations/implications - interface adhesion of SL-coating is poor even if chemical roughening is
applied and the further research is needed. Originality/value - This method enhances the versatility of using RP
in the fabrication of functional models, especially when complex structure with sufficient mechanical
properties is considered. Although this paper took an airfoil wind-tunnel model as an example, it is capable of
fabricating other functional components with other rapid prototyping techniques such as FDM, SLS and LOM.
SCHRZEAY: Article iEF: English
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Science Rapid fabrication of metal-coated composite stereolithography parts
Zhou, Z (Zhou, Z.); Li, D (Li, D.); Zeng, J (Zeng, J.); Zhang, Z (Zhang, Z.)
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i %: In this paper, the rapid fabrication method based on stereolithography (SL) and electrochemical
deposition is described in detail and mechanical test results of composite nickel-coated SL parts are presented.
Coatings of electrodeposited nickel on SL prototypes result in increases in Young's modulus, UTS, flexural
modulus, and strength. Electrodeposited nickel coating has dramatically improved the overall strength and
stiffness of SL parts. The adhesive strength of the roughened SL resin-nickel interface is higher than the
original. In particular, the influence of the surface roughness on adhesive strength between SL and metal is
investigated. Moreover, this paper has presented an application of a structural electrodeposited nickel coating
over SL parts to make a functional airfoil model with a complex internal structure and sufficient mechanical
strength and stiffness.
SCHRZEAY: Article iEF: English
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(RP&M)
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A characteristic-based shock-capturing scheme for hyperbolic problems
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f % In order to suppress numerical oscillations of linear compact schemes around discontinuities, a
characteristic-based flux splitting limited method is introduced instead of ENO/WENO or other
shock-capturing algorithms. This method begins with upwind schemes and flux vector splittings. The upwind
schemes are projected along characteristic directions in a different way, and their amplitudes are carefully
controlled by a special limiter in order to meet entropy condition and to prevent non-physical oscillations. A
fifth-order linear compact upwind scheme is modified by this method for solving problems involving
discontinuities. The properties of the numerical algorithm are checked on some benchmark problems in one,
two and three space dimensions. Numerical results show that it is high-order accurate with high resolution and
oscillation-free. (c) 2007 Elsevier Inc. All rights reserved.
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Physical analysis and numerical simulation for the dynamic behaviour of vehicles in
pitching oscillations or rocking motions

Zhang, HX (Zhang HanXin); Zhao, Z (Zhao, Zhang); Yuan, XX (Yuan XianXu); VWi, L (Wi, Liu); Xie, YF (Xie YUFei); Ye, YD (Ye YouDa)
KUY HRY): SCIENCE IN CHINA SERIES E-TECHNOLOGICAL SCIENCES #: 50 M 4 7i:
385-401  DOI: 10.1007/s11434-007-0047-x i fiR4:: AUG 2007
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%L Analytical methods of nonlinear dynamics and numerical simulations for the coupling equations of
Navier-Stokes and flight mechanics are used to study the dynamic behaviour of pitching motions of reentry
capsules with the variation of Mach number, and rocking motions of swept wings with the variation of angle of
attack. Conditions under which the dynamic instability, Hopf bifurcation and saddle-node bifurcation occur are
obtained. The node-saddle-node topological structure in the phase portrait, i.e. the state of bi-attractors
(attracting basins) is described. The evolving process of dynamic behaviour and flow fields are given. The
theories are compared with some numerical simulations conducted by the authors. Besides, some verifiable
experimental results are cited. The agreement between them is very well.
SCHRZEAY: Article iEF: English
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Investigation on the aerodynamic performance of an ejection seat
Chen, DH (Chen, D. H.); Wu, WH (Wu, W. H.); Wang, JJ (Wang, J. J.); Huang, Y (Huang, Y.)
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%L A unique experimental method is used, in combination with numerical calculation and engineering
estimation, to study the aerodynamic performance of an ejection seat at M = 0 center dot 60, 0 center dot 90
and 1 center dot 20, angles-of-attack alpha = 0 degrees similar to 360 degrees, and sideslip angles beta = 0
degrees similar to 90 degrees. Several basic characteristics of the aerodynamic performance are explored. The
normal force of the ejection seat varies in a sinusoidal way and the axial force in a cosinoidal way, with the
angle-of-attack. The model is statically unstable longitudinally at most attitude angles and the longitudinal
stability could be improved by a stabiliser. These characteristics result from a large low pressure area caused
by the leeward separation and the windward high pressure area in the ejection seat flow field, at all alpha, due
to the blunt configuration. A set of engineering calculation formulae is deduced, based on the aerodynamic
characteristics of the ejection seat.
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Developing shock-capturing difference methods
Tu, GH (Tu Guo-hua); Yuan, XJ (Yuan Xiang-jiang); Lu, LP (Lu Li-Peng)
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$# %L A new shock-capturing method is proposed which is based on upwind schemes and flux-vector splittings.
Firstly, original upwind schemes are projected along characteristic directions. Secondly, the amplitudes of the
characteristic decompositions are carefully controlled by limiters to prevent non-physical oscillations. Lastly,
the schemes are converted into conservative forms, and the oscillation- free shock-capturing schemes are
acquired. Two explicit upwind schemes (2nd-order and 3rd-order) and three compact upwind schemes
(3rd-order, 5th-order and 7th-order) are modified by the method for hyperbolic systems and the modified
schemes are checked on several one-dimensional and two-dimensional test cases. Some numerical solutions of
the schemes are compared with those of a WENO scheme and a MP scheme as well as a compact-WENO
scheme. The results show that the method with high order accuracy and high resolutions can capture shock
waves smoothly.
SCHRZEAY: Article iEF: English
YE 35 1A high order scheme; shock-capturing; upwind scheme; compact scheme; high resolution;
conservative scheme
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Role of on-board discharge in shock wave drag reduction and plasma cloaking
Qiu, XM (Qiu Xiao-Ming); Tang, DL (Tang De-Li); Sun, AP (SunAi-Ping); Liu, WD (LiuWan-Dong); Zeng, XJ (Zeng Xue-Jun)
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%L In the present paper, a physical model is proposed for reducing the problem of the drag reduction of an
attached bow shock around the nose of a high-speed vehicle with on-board discharge, to the problem of a
balance between the magnetic pressure and gas pressure of plane shock of a partially ionized gas consisting of
the environmental gas around the nose of the vehicle and the on-board discharge-produced plasma. The
relation between the shock strength and the discharge-induced magnetic pressure is studied by means of a set
of one-fluid, hydromagnetic equations reformed for the present purpose, where the discharge-induced
magnetic field consists of the electron current (produced by the discharge)-induced magnetic field and the
partially ionized gas flow-induced one. A formula for the relation between the above parameters is derived. It
shows that the discharge-induced magnetic pressure can minimize the shock strength, successfully explaining
the two recent experimental observations on attached bow shock mitigation and elimination in a supersonic
flow during on-board discharge [Phys. Plasmas 9 (2002) 721 and Phys. Plasmas 7 (2000) 1345]. In addition,
the formula implies that the shock elimination leaves room for a layer of higher-density plasma rampart
moving around the nose of the vehicle, being favourable to the plasma radar cloaking of the vehicle. The
reason for it is expounded.
SCHRZEAY: Article iEF: English
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Experimental investigation on electromagnetic scattering of hypersonic sphere and ionized wake
Ma, P(MaPing)"; Bu, SQ (Bu Sheo-ging)'; Liu, S (Liu Sen)'; Zeng, XJ (Zeng Xue jun)’; YU, ZF (Yu Zhe-feng)"; Shi, AH (Shi Anhua)*
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J#%L: The paper presents RCS results at X band and Ka waveband radar system of steel sphere models with
10mm diameter and aluminium sphere models with 10mm diameter and 15mm diameter. The model velocities
exceed 5km/s, and the experiment pressure range is 3173Pa to 11219Pa. The electromagnetic scattering
properties of hypersonic spheres and wakes at X waveband monostatic mode and Ka waveband bistatic mode
are obtained. The results present that the RCS of non-ablation sphere models and ablation sphere mode-Is is
larger than the RCS of their ionized wakes, and the sphere models signals at X waveband radar are easily
separated from their ionized wakes, and measured wake signals at X waveband radar are easily distinguished
from background.

SCHRZEHY: Proceedings Paper #EFf: English

YE& S8t ballistic range; sphere model; electromagnetic scattering; measurement

THIRAE R Hutik: Ma, P (B 1RAE#),China Aerodynam Res & Dev Ctr, Mianyang 621000, Sichuan, Peoples R
China

Hofik: 1. China Aerodynam Res & Dev Ctr, Mianyang 621000, Sichuan, Peoples R China

IR IEEE, 345 E 47TH ST, NEW YORK, NY 10017 USA

Web of Science 4325: Computer Science, Hardware & Architecture; Engineering, Electrical & Electronic;
Optics; Telecommunications

2# R3] Computer Science; Engineering; Optics; Telecommunications

58



China Aerodynamics Research & Development Center

The decrease of the radar cross section of hypersonic model
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$#%L: To research the effect of plasma, the radar cross section (RCS) of a hypersonic model is measured in our
light gas gun. The spectrum of the received signal and one-dimensional radar image of the model are given.
According to this experiment, three-dimensional (3-D) finite-difference time-domain (FDTD) simulations are
performed for calculating microwave scattering from a plasma-cloaked conducting model.
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Novel approach for tracking and recognizing dim small moving targets based on
probabilistic data association filter
Li, ZZ (Li, Zhengzhou); Jin, G (Jin, Gang); Dong, NL (Dong, Nengli)
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$# %L While tracking dim and small moving targets in the electro-optical (EO) tracking system, the numerous
false alarms resulted from the low signal-to-noise ratio would seriously debase the performance of target
recognition and tracking. The probabilistic data association filter in conjunction with a maximum likelihood
approach (PDAF-ML) has been applied effectively to low observable or dim target motion analysis. Whereas,
the PDAF-ML supposes that the amplitude of target is not correlative among different sampling instants, and
that the greater the amplitude value is, the greater the probability of being the target of interest would be. In the
EO imaging tracking system, the amplitude information and the motion of target are consistent and highly
correlative in a short period. To resolve the problem that the PDAF-ML is inconsistent with the EO imaging
tracking system, the two features, namely, the amplitude information and the motion as well as their
consistency, are modeled as Markov stationary random signals and are fused by means of PDAF. Experiments
are carried out, and the results show that, with the proposed approach, the uncertainty of trajectory association
would be largely decreased, and the performance of target recognition and tracking could be significantly
improved. (c) 2007 Society of Photo-Optical Instrumentation Engineers.
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The Numerical Research on the transition of the Three-Dimensional Supersonic spatial
developing mixing layer when Mc=0.5
Li, Q (Li, Q.)"; Deng, XB (Deng, X. B.)*; Zhang, HX (Zhang, H. X.)!
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%L In this paper, a fourth order difference scheme based on frequency spectrum relation preservation and
developed boundary processing methods are used to make simulations on the three-dimensional supersonic
spatial developing mixing layer when the convective Mach number Mc=0.5. The researches show that, when
imposing three-dimensional disturbances, large scale vortices sizes are developed and the flow evolves into
turbulence by transition finally. In the process, flow patterns are characterized as the vortex splitting, vortex
ribs and hairpin vortices, and the flow evolves into turbulence through the lift-up and breakdown of hairpin
vortices. The preliminary statistics show that the flow has the features of turbulence through statistical analysis.
The simulations also show that, the vortex-pairing patterns are absent in the evolution of the mixing layer
unlike the two-dimensional counterparts, new features especially like the vortex splitting and stream-wise
vortices (ribs and hairpin vortices) are dominant in the evolving process.
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Study on icing test scaling law
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%L A modified icing scaling law, derived from the basic process of ice accretion on aircraft surface, is
proposed in this paper. Numerical method is used for evaluation of the modified icing scaling law. In
performing the evaluation, ice accretion on a cylinder is humerically simulated with parameters determined by
the scaling law. The computational results show that ice shapes on full-scale cylinder and its sub-scaled model
are similar, which illustrates that the law is valid, and it can be used in ice wind tunnel test as the theoretic
basis of test and its parameters selection.
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Numerical simulations for insect *Clap and Fling" with unsteady incompressible solver on dynamic hybrid grids
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J#%L: For very insect such as tiny wasp Encarsaria Formosa, Weis-Fogh found that the 'clap-fling' mechanism
of their wings is the main cause for their large lift. In this paper, we simulate the motion numerically and
analyze the generation of large lift by the wings with an unsteady incompressible flow solver based on
dynamic hybrid mesh. Both one wing flapping and two wings ‘clap and fling' are considered in the Reynolds
number range of 8 similar to 128, the difference on flow structures and aerodynamic forces are compared with
each other, and then high lift mechanism is analyzed.
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Interaction of an oblique shock wave with a pair of parallel vortices: Shock dynamics and
mechanism of sound generation
Zhang, SH (Zhang, Shuhai); Zhang, YT (Zhang, Yong-Tao); Shu, CW (Shu, Chi-Wang)

K5 H I PHYSICS OF FLUIDS#:18 #:123C#ik '5:126101D01:10.1063/1.2391806 i it 4F-: DEC 2006
WG I4IR: 4 Gk Web of Science) 51 M 12 2% Ciik: 25
$#%L: The interaction between an oblique shock wave and a pair of parallel vortices is simulated systematically
through solving the two-dimensional, unsteady compressible Navier-Stokes equations using a fifth order
weighted essentially nonoscillatory finite difference scheme. The main purpose of this study is to characterize
the flow structure and the mechanism of sound generation in the interaction between an oblique shock wave
and a pair of vortices. We study two typical shock waves of Mach number M-s=1.2 and M-s=1.05, which
correspond to two typical shock structures of Mach reflection and regular reflection, respectively, in the
problem of shock-vortex interaction. The effects of the strength of the vortices and the geometry parameters
are investigated. In addition, we have also considered both cases of passing and colliding vortex pairs. The
interaction is classified into four types for the passing case and seven types for the colliding case according to
different patterns of the shock structure. Our simulation shows that the sound field is the result of three
mechanisms. The first mechanism is related directly to the interaction of the shock wave and the pair of
vortices. The second mechanism is related to the coupling process of the vortex pair. The third mechanism is
related to the interaction of the reflected shock waves and sound waves. The first mechanism is dominating if
the vortex pair is weak. The combination of the first and the second mechanisms is dominating if the vortex
pair is of moderate strength. If the vortex pair is strong, the acoustic field is also significantly affected by the
interaction of the reflected shock waves and sound waves. (c) 2006 American Institute of Physics.
SCHRZEAY: Article iEF: English
KeyWords Plus: VORTEX INTERACTION; EFFICIENT IMPLEMENTATION; TURBULENCE
INTERACTION; ACOUSTIC-WAVE; SCHEMES; RESOLUTION
AR sk Zhang, SH (B HAE#),China Aerodynam Res & Dev Ctr, Mianyang 621000, Sichuan,
Peoples R China
Hofik: 1. China Aerodynam Res & Dev Ctr, Mianyang 621000, Sichuan, Peoples R China

2. Univ Notre Dame, Dept Math, Notre Dame, IN 46556 USA

3. Brown Univ, Div Appl Math, Providence, R1 02912 USA
HEL IR tik: zhang_shuhai@tom.com; yzhang10@nd.edu; shu@dam.brown.edu
HBR B : AMER INST PHYSICS, CIRCULATION & FULFILLMENT DIV, 2 HUNTINGTON
QUADRANGLE, STE1N O 1, MELVILLE, NY 11747-4501 USA

Web of Science 4)2%: Mechanics; Physics, Fluids & Plasmas

22812455 Mechanics; Physics

64



China Aerodynamics Research & Development Center

Ejection seat test techniques in a high-speed wind tunnel
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Numerical simulation and physical characteristics analysis for slender wing rock
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Adaptive depth control for autonomous underwater vehicles based on feedfor ward neural networks
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J#%L: This paper studies the design and application of the neural network based adaptive control scheme for
autonomous underwater vehicle's (AUV's) depth control system that is an uncertain nonlinear dynamical one
with unknown nonlinearities. The unknown nonlinearity is approximated by a feedforward neural network
whose parameters are adaptively adjusted on-line according to a set of parameter estimation laws for the
purpose of driving the AUV to cruise at the preset depth. The Lyapunov synthesis approach is used to develop
the adaptive control scheme. The overall control system can guarantee that the tracking error converges in the
small neighborhood of zero and all adjustable parameters involved are uniformly bounded. Simulation
examples are given to illustrate the design procedure and the applicability of the proposed method. The results
indicate that the proposed method is suitable for practical applications.
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Gas kinetic algorithm for flows in Poiseuille-like microchannels using Boltzmann model equation
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$#%L: The gas-kinetic unified algorithm using Boltzmann model equation have been extended and developed
to solve the micro-scale gas flows in Poiseuille-like micro-channels from Micro-Electro-Mechanical Systems
(MEMS). The numerical modeling of the gas kinetic boundary conditions suitable for micro-scale gas flows is
presented. To test the present method, the classical Couette flows with various Knudsen numbers, the gas flows
from short microchannels like plane Poiseuille and the pressure-driven gas flows in two-dimensional short
microchannels have been simulated and compared with the approximate solutions of the Boltzmann equation,
the related DSMC results, the modified N-S solutions with slip-flow boundary theory, the gas-kinetic
BGK-Burneft solutions and the experimental data. The comparisons show that the present gas-kinetic
numerical algorithm using the mesoscopic Boltzmann simplified velocity distribution function equation can
effectively simulate and reveal the gas flows in microchannels. The numerical experience indicates that this
method may be a powerful tool in the numerical simulation of micro-scale gas flows from MEMS.
SCHRZEAY: Article iEF: English
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Construction of third-order WNND scheme and its application in complex flow
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$##L: According to the Liu' s weighted idea, a space third-order WNND (weighted non-oscillatory, containing
no free parameters, and dissipative scheme) scheme was constructed based on the stencils of second-order
NND (non-oscillatory, containing no free parameters, and dissipative scheme) scheme. It was applied in
solving linear-wave equation, 1 D Euler equations and 3 D Navier-Stokes equations. The numerical results
indicate that the WNND scheme which does not increase interpolated point (compared to NND scheme) has
more advantages in simulating discontinues and convergence than NND scheme. Appling WNND scheme to
simulating the hypersonic flow around lift-body shows: With the AoA (angle of attack) increasing from
Odegrees to 50degrees, the structure of limiting streamline of leeward surface changes from unseparating,
open-separating to separating, which occurs from the combined-point (which consists of saddle and node
points). The separating area of upper wing surface is increasing with the AoA' s increasing. The topological
structures of hypersonic flowfield based on the sectional flow patterns perpendicular to the body axis agree
well with Zhang Hanxin' s theory. Additionally, the unstable-structure phenomenon which is showed by two
saddles connection along leeward symmetry line occurs at some sections when the Ao0A is bigger than
20degrees.
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A gas Kinetic algorithm for flows in microchannel
Li, ZH (Li, ZH); Zhang, HX (Zhang, HX); Fu, S (Fu, S); Zeng, S (Zeng, S)
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%2 A gas-kinetic numerical algorithm using the molecular velocity distribution function equation is
developed and extended to solve the gas flows in micro-channels. Based on the kinetic Shakhov model, the
velocity distribution function equation is used to describe the micro-scale gas flows with various Knudsen
numbers. The gas-kinetic finite difference scheme based on the unsteady time-splitting technique is
constructed to directly solve the discrete velocity distribution functions. The numerical modeling of the gas
kinetic boundary conditions is presented. The numerical integration method for the discrete velocity space is
developed to evaluate the macroscopic flow parameters at each point in the physical space. To verify the
present method, the classical Couette flows with various Knudsen numbers, the pressure-driven Poiseuille flow
in two-dimensional short micro-channel are simulated and compared with the approximate solutions of the
linearized Boltzmann equation.
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Measurement and calculation of vibrational temperature behind strong shock waves
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2L In the present paper the measured values of vibrational temperature behind strong shock waves are
compared with theoretical ones. The histories of vibrational temperature behind strong shock waves in a shock
tube were measured using two monochromators. The test gas was pure nitrogen at 100-300Pa, and the speeds
of shock waves were 5.0-6.0km/s. The electronic temperature of N-2(+) was also approximately determined
from experiment and compared with the experimental vibrational temperature. The results show that the
presented calculational method is effective, and the electronic energy of N2+ is excited much faster than its
vibrational energy. One Langmuir probe was used to determine the effective time of region 2. The influence of
viscosity in the shock tube is also analyzed.
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Impulse combustion tunnel and its application in experimental research of scramjet
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%L In this paper, a new type of impulse combustion tunnel for scramijet test is introduced and the principle
of its operation is described. Experimental results from hundreds of scramjet tests for hydrogen and kerosene
demonstrate that this tunnel is suitable for scramjet research.
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Massively parallel computation of three-dimensional scramjet combustor
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$#%L: Recent progress of computational study of scramjet combustor has been described in Refs 1-3. However,
detailed flow properties, especially the lateral properties and the sidewall effects are not considered. In this
paper, a parallel simulation of an experimental dual-mode scramjet combustor configuration is presented,
considering the jet-to-jet symmetry and the full-duct modeling. Turbulence is modeled with the k-epsilon
two-equation turbulence model and a 7-specie, 8-equation kinetics model is used to model hydrogen/air
combustion. The conservation form of the Navier-Stokes equations with finite-rate chemistry reactions is
solved using a diagonal implicit finite-volume method. For the two cases, the three-dimension flow-fields with
equivalence ratio Phi=0.0 and 0.35 have been respectively simulated on the COW and MPP. Wall pressure
comparisons between CFD and experiments (CARDC and NAL) show fair agreement for the jet-to-jet case.
For the full-duct modeling, more detailed flow properties are obtained. The fuel-penetrating heights of the
injectors are different because of the effects of the sidewall boundary layer and the shock wave in the
combustor. According to numerical results, if adjusting the locations of the injectors, the combustion efficiency
could be improved.
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Microchannel flow in the slip regime: gas-kinetic BGK-Burnett solutions
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i #E: In the first part of this paper presents a gas-kinetic scheme based on the Bhatnagar-Gross-Krook (BGK)
model for the microflow simulations in the near continuum flow regime. The current method improves the
previous gas-kinetic BGK Navier-Stokes (BGK-NS) solver by (i) implementing a general non-equilibrium
state based on the Chapman-Enskog expansion of the BGK model up to the Knudsen number squared (Kn)(2)
in the gas distribution function, (ii) using the compatibility condition to evaluate all high-order time derivative
terms in the Chapman-Enskog expansion, and (iii) implementing the kinetic boundary condition for the gas
distribution function to obtain 'slip' boundary automatically. As a result, the gas-kinetic BGK-Burnett scheme
improves the validity of the BGK-NS solver for the microchannel flow simulations even in the slip flow
regime, where the Navier-Stokes equations with the slip boundary conditions are considered to be legitimately
valid. Owing to the correction to the heat transport in the energy flux, the Prandtl number in the gas-kinetic
BGK-Burnett method can take any value to capture both viscous and heat conduction effects. Since the current
method is based on the direct evaluation of the gas distribution function and captures its time evolution, it is
different from those methods that are based on the macroscopic Burnett or extended hydrodynamic equations.
The second part of this paper is about the application of the newly developed gas-kinetic BGK-Burnett method
in the microchannel flows. First, we verify the method in the pressure- and external-force-driven Poiseuille
flows, where the reliable direct simulation Monte Carlo (DSMC) results are available. In the study of
Poiseuille flow with Kn = 0.1, the qualitative differences in the pressure distribution in the cross-stream
direction between the Navier-Stokes and the DSMC results are resolved by the gas-kinetic BGK-Burnett
scheme. It demonstrates that the BGK-Burnett method could give a more realistic description of flow motion
than the Navier-Stokes method even in the slip flow regime. After that, the current method is used to simulate
the microchannel flows, where the experimental data are available. In this study, the similarity in the pressure
distribution along the straight microchannel is verified first. Then, the mass flow rates for different gases, such
as argon, helium and nitrogen, in the long microchannel of submicron height are computed and compared with
the experimental measurements.
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Ablock LU-SGS implicit dual time-stepping algorithm for hybrid dynamic meshes
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% A block lower upper symmetric Gauss-Seidel (BLU-SGS) implicit dual time-stepping method is
developed for moving body problems with hybrid dynamic grids. To simulate flows over complex
configurations, a hybrid grid method is adopted in this paper. Body-fitted quadrilateral (quad) grids are
generated first near solid bodies. An adaptive Cartesian mesh is then generated to cover the entire
computational domain. Cartesian cells which overlap the quad grids are removed from the computational
domain, and a gap is produced between the quad grids and the adaptive Cartesian grid. Finally triangular grids
are used to fill this gap. With the motion of moving bodies, the quad grids move with the bodies, while the
adaptive Cartesian grid remains stationary. Meanwhile, the triangular grids are deformed according to the
motion of solid bodies with a 'spring’ analogy approach. If the triangular grids become too skewed, or the
adaptive Cartesian grid crosses into the quad grids, the triangular grids are regenerated. Then the flow solution
is interpolated from the old to the new grid. The fully implicit equation is solved using a dual time-stepping
solver. A Godunov-type scheme with Roe's flux splitting is used to compute the inviscid flux. Several
sub-iteration schemes are investigated in this study. Both supersonic and transonic unsteady cases are tested to
demonstrate the accuracy and efficiency of the method. (C) 2004 Elsevier Ltd. All rights reserved.
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Gas kinetic algorithm using Boltzmann model equation
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i %L: Based on the Boltzmann-BGK model equation, the unified simplified velocity distribution function
equation adapted to various flow regimes can be presented by the aid of the basic characteristic on molecular
movement and collision approaching to equilibrium. The optimum Golden Section principle is extended and
applied to the discrete velocity ordinate method in order to discretize the corresponding velocity components,
and then the molecular velocity distribution function equation will be cast into hyperbolic conservation laws
form with non-linear source terms. In view of the unsteady characteristic of molecular convective movement
and colliding relaxation, the time-splitting method is applied to decompose the velocity distribution function
equations into the colliding relaxation equations with non-linear source terms and the convective motion
equations. Based on the second-order Runge-Kutta method and the non-oscillatory, containing no free
parameters, and dissipative (NND) finite difference method, the gas kinetic finite difference second-order
scheme is constructed to directly solve the discrete velocity distribution functions. Four types of discrete
velocity quadrature rules, such as the modified Gauss-Hermite formula and the Golden Section
number-theoretic integral method, are developed and applied to evaluate the macroscopic flow moments of the
distribution functions over the velocity space. As a result, a unified gas kinetic algorithm is established for the
flows from rarefied transition to continuum regime. To test the reliability of the present method, the
one-dimensional shock wave structures, the flows past two-dimensional circular cylinder and the
three-dimensional flows over sphere with various Knudsen numbers are simulated. The computational results
are found in high resolution of the flow fields and good agreement with the theoretical, DSMC, and
experimental results. (C) 2003 Elsevier Ltd. All rights reserved.
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KeyWordsPlus:NUMBER-THEORETICMETHOD;NUMERICAL-ANALYSIS;NIFORM-DISTRIBUTION;
BGK SCHEME; FLOWS; SIMULATION; QUADRATURE
TARE G bk Li, ZH GEIRAE ), Tsing Hua Univ, Dept Engn Mech, Beijing 100084, Peoples R China
Hosik: 1. Tsing Hua Univ, Dept Engn Mech, Beijing 100084, Peoples R China
2. China Aerodynam Res & Dev Ctr, Mianyang 621000, Peoples R China
FL - MR £ Hbdik: zhli0097 @x263.net
i W 7§ : PERGAMON-ELSEVIER SCIENCE LTD, THE BOULEVARD, LANGFORD LANE,
KIDLINGTON, OXFORD OX5 1GB, ENGLAND

Web of Science 432: Computer Science, Interdisciplinary Applications; Mechanics

22 B 5): Computer Science; Mechanics

77



China Aerodynamics Research & Development Center

Study on gas kinetic unified algorithm for flows from rarefied transition to continuum
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%% The modified BGK equation adapted to various flow regimes can be presented by the aid of the basic
characteristics on molecular movement and collision approaching to equilibrium. The discrete velocity
ordinate method is developed and applied to the velocity distribution function to remove its continuous
dependency on the velocity space, and then the velocity distribution function equation is cast into hyperbolic
conservation law form with nonlinear source terms. Based on the unsteady time-splitting method and the
non-oscillatory, containing no free parameters, and dissipative (NND) scheme, the gas kinetic finite difference
second-order scheme is constructed for the computation of the discrete velocity distribution functions. The
mathematical model on the interaction of molecules with solid surface is studied and used in the numerical
method. Four types of numerical quadrature rules, such as the modified Gauss-Hermite formula, the composite
Newton-Cotes integration method, the Gauss-Legendre numerical quadrature rule, and the Golden Section
number-theoretic integral method, are developed and applied to the discretized velocity space to evaluate the
macroscopic flow parameters at each point in the physical space. As a result, a unified simplified gas kinetic
algorithm is established for the flows from rarefied transition to continuum regime. Based on analyzing the
inner parallel degree of the unified algorithm, the parallel strategy adapted to the gas kinetic numerical
algorithm is studied, and then the HPF parallel processing software for the unified algorithm is developed. To
test the present method, the one-dimensional shock-tube problems, the flows past two-dimensional circular
cylinder, and the flows around three-dimensional sphere and spacecraft shape with various Knudsen numbers
are simulated. The computational results are found in high resolution of the flow fields and good agreement
with the theoretical, DSMC, N-S, and experimental results. (C) 2003 Elsevier B.V. All rights reserved.
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The development of the technique of computer simulating color-schlieren
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$#%L: The computer simulation study for color-schlieren is to provide a new method for validations between
experiment and theory, which can get color-schlieren image from the computational flow field data. This paper
gives a brief description about the theory of method, technical way, algorithm, key problem that has been
solved, the computational results and the future development direction.
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Technology Investigation on hypersonic heat-transfer reduction using an
upstream-directed jet
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%L In this paper the heating rate reduction by using a forward-facing jet in front of body is researched. The
influence on the heating rate reduction caused by the difference between planar flow and axisymmetric flow is
investigated. It has been found that, in axisymmetric flow, local hot spot with much high heating rate will
occur near the reattachment point, while there is not such phenomenon in planar flow under the same flow
conditions and jet exit conditions. The phenomenon and the difference are analyzed. Finally some important
conclusions are drawn.
SCHRZEAY: Proceedings Paper #EFf: English
TEAEZhl: Geng, XR (iH4F#),China Aerodynam Res & Dev Ctr, POB 211, Mianyang 621000,
Sichuan, Peoples R China
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Web of Science 4)25: Thermodynamics; Energy & Fuels; Engineering, Mechanical

2F R3] Thermodynamics; Energy & Fuels; Engineering

80
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Numerical simulation of ice accretion on airfoil
Yi, X (Yi, X); Zhu, GL (Zhu, GL)
KR H B #): RECENT ADVANCES IN FLUID MECHANICS  71:278-283  HiR4E: 2004
WG I4R: 0 Gk Web of Science) 51 H K22 Cilik: 6

JUL 20-30, 20044 13U B 75 : Chinese Soc Theoret & Appl Mech; Gesell Angewandte Math & Mech; US Natl
Comm Biomech; ASME, Bioengn Div; ASME, Fluids Engn Div; ASME, Appl Mech Div; ASCE, Engn Mech
Div; Int Soc Offshore & Polar Engineers; Japan Soc Fluid Mech; Chinese Acad Sci, Inst Mech; Chinese
Aerodynam Res & Dev Ctr; Hong Kong Soc Theoret & Appl Mech; Dalian Univ Technol, State Key Lab
Coastal & Offshore Engn

$# %L A method for prediction of ice accretion on airfoil and their effects on airfoil aerodynamic characteristics
is described. The flow field is calculated by solving the 2D steady incompressible N-S equations with finite
volume method. A 4-order Runge-Kutta method is used to solve the droplet trajectory equation. Assuming ice
grows in the direction normal to the surface, rime ice shape is determined with the assumption that all droplets
freeze at their points of impact and glaze ice shape is obtained after solving the mass and energy equations that
describe the thermodynamic process of ice accretion. The method yields ice shapes that are in good agreement
with the results found in the literatures. Computational consequences for aerodynamic properties of iced airfoil
show that ice accretion has undesirable effects on airfoil performance.
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China Aerodynamics Research & Development Center

Integrated fluid-thermal analysis methods and application to complex configuration
Geng, XR (Geng, XR); Gui, YW (Gui, YW); Wang, AL (Wang, AL); He, LX (He, LX)

K RY): PROCEEDINGS OF THE 3RD INTERNATIONAL SYMPOSIUM ON HEAT TRANSFER
ENHANCEMENT AND ENERGY CONSERVATION, VOLS 1 AND 2 7iT: 1519-1524 ! filR4F: 2004
B A 0 Gk - Web of Science) 51 FH 1122 Ciik: 6
213 3rd International Symposium on Heat Transfer Enhancement and Energy Conservation i3 i
Guangzhou, PEOPLES R CHINA 4 H: JAN 12-15, 20044388 : Minist Educ; Natl Nat Sci Fdn
China; KC Wong Educ Fdn; Guangzhou Bur Sci & Technol; Guangzhou Assoc Sci & Technol; Guangzhou
Kelon Elect Holdings Co Ltd; Shunde Shenling Air confitioning Equipment Co Ltd; Five Star Solar Energy Co
Ltd; S China Univ Technol, Sch Chem Engn; Tsinghua Univ; Beijing Univ Technol
%L An integrated fluid-thermal analysis method has been developed and applied to the study on numerical
simulation of thermal response due to aerodynamic heating. Benchmark solutions are calculated and compared
with available results to validate the method presented in the paper. The method is also applied to
three-dimensional flow-field around and thermal response on supersonic aircraft. The study succeeds in
demonstrating the high efficiency of the new integrated method, and the cases with turbulent effects
considered are still to be studied in the future yet.
SCHRZEA: Proceedings Paper #EFf: English
TEAEZhl: Geng, XR (iH4F#),China Aerodynam Res & Dev Ctr, POB 211, Mianyang 621000,
Sichuan, Peoples R China
Hofik: 1. China Aerodynam Res & Dev Ctr, Mianyang 621000, Sichuan, Peoples R China
H AR B SOUTH CHINA UNIV TECHNOLOGY PRESS, GUANGZHOU 510641, GUANGDONG,
PEOPLES R CHINA
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Transonic flutter predications using CFD method for airplane configurations
Luo, JG (Luo, JG); Zhang, JB (Zhang, JB); Guan, D (Guan, D)
KI5 ): RECENT ADVANCES IN FLUID MECHANICS  11: 235-238 i Ji4F: 2004
WS I4KR: 0 Gk Web of Science) 51 H K122 Cilik: 3

JUL 20-30, 20044 13U B 75 : Chinese Soc Theoret & Appl Mech; Gesell Angewandte Math & Mech; US Natl
Comm Biomech; ASME, Bioengn Div; ASME, Fluids Engn Div; ASME, Appl Mech Div; ASCE, Engn Mech
Div; Int Soc Offshore & Polar Engineers; Japan Soc Fluid Mech; Chinese Acad Sci, Inst Mech; Chinese
Aerodynam Res & Dev Ctr; Hong Kong Soc Theoret & Appl Mech; Dalian Univ Technol, State Key Lab
Coastal & Offshore Engn

$# %L A Computational Fluid Dynamics (CFD) and Computational Structural Dynamics (CSD) method is used
for simulation and predication of transonic flutter for airplane configuration. The CFD solver is based on an
unsteady, multi-block, multi-grid finite-difference algorithm for Euler/Navier-Stokes equations. The CSD
solver is based on a second-order linearized acceleration finite-difference algorithm. A general multi-block
deformation grid is used to generate dynamically moving grids for unsteady flow solver. The solution of the
flow field and the structural are coupled strongly in time domain by an implicit method. The unsteady solver
with the moving grid algorithm can be used easily to calculate response and flutter boundary of an aero-elastic
system. And the coupled CFD-CSD method simulates the aero-elastic system directly on the time domain and
is not limited to linearized solutions. It is capable of predicting damped, diverging, and neutral motions, and
limit cycle and chaos oscillations of an aero-elastic system. This method is used to analysis the aero-elastic
system of a wing and an xx airplane configuration.
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Numerical simulation of axisymmetric contour nozzles flowfield in scramjet test
Shi, YL (Shi, YL); Peng, ZY (Peng, ZY)
KI5 ): RECENT ADVANCES IN FLUID MECHANICS  11: 270-273 i fi4F: 2004
WS I4K: 0 Gk Web of Science) 51 H K22 Cilik: 5

JUL 20-30, 20044 3B 75 : Chinese Soc Theoret & Appl Mech; Gesell Angewandte Math & Mech; US Natl
Comm Biomech; ASME, Bioengn Div; ASME, Fluids Engn Div; ASME, Appl Mech Div; ASCE, Engn Mech
Div; Int Soc Offshore & Polar Engineers; Japan Soc Fluid Mech; Chinese Acad Sci, Inst Mech; Chinese
Aerodynam Res & Dev Ctr; Hong Kong Soc Theoret & Appl Mech; Dalian Univ Technol, State Key Lab
Coastal & Offshore Engn

%L The axisymmetric Navier-Stokes equations for contour nozzle flow field in the Scramjet test are
numerically solved in this paper. The chemically nonequilibrium model of seven chemical species (H;, N, O,
H,0, H, O, OH) and eight elementary reactions are used to determine reaction rates. The fully implicit scheme
and multiple-step iteration method are adopted to simulate flowfield. The convective fluxes are solved using
the second NND scheme, and the viscous fluxes are approximated using central differencing. In order to
accelerate convergence, the mixed flux-splitting method is used to the convective fluxes. The chemical source
terms are linearized to solve the,stiff source problem. The computational results are well agreement with the
data obtained with quasi one-dimensional integral method. And the flow parameters are almost the same in
core region at the nozzle exit.
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Experimental study of the spanwise blowing effect on unsteady characteristics
Jiang, YB (Jiang, YB); Sun, HS (Sun, HS); Huang, Y (Huang, Y); Liu, ZT (Liu, ZT)
KI5 ): RECENT ADVANCES IN FLUID MECHANICS  11: 831-835 i Ji4F: 2004
e YR 0 Gk Web of Science) 51 HI 2% SCiik: 4

JUL 20-30, 20044 3B 7 : Chinese Soc Theoret & Appl Mech; Gesell Angewandte Math & Mech; US Natl
Comm Biomech; ASME, Bioengn Div; ASME, Fluids Engn Div; ASME, Appl Mech Div; ASCE, Engn Mech
Div; Int Soc Offshore & Polar Engineers; Japan Soc Fluid Mech; Chinese Acad Sci, Inst Mech; Chinese
Aerodynam Res & Dev Ctr; Hong Kong Soc Theoret & Appl Mech; Dalian Univ Technol, State Key Lab
Coastal & Offshore Engn

i %L: The unsteady aerodynamics and vortex characteristics during large amplitude oscillation were
experimentally studied in Phi3.2m subsonic wind tunnel by using of the PIV technique. The measurements
were achieved utilizing a digital recording technique based on a modified CCD video camera and an
evaluation process based on the cross correlation technique. Instantaneous velocity fields and streamlines
showing the complex vortex could be gained from a large number of PIV images. In addition, using the
spanwise blowing to control the vortex separation is also investigated. The experimental results indicate that
the spanwise blowing could effectively control the vortex separation, improve the maximum lift coefficient
and increase the stall angle-of-attack.
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China Aerodynamics Research & Development Center

Numerical investigation from rarefied flow to continuum by solving the Boltzmann model equation
Li, ZH (Li, ZH); Zhang, HX (Zhang, HX)

KPR INTERNATIONAL JOURNAL FOR NUMERICAL METHODS IN FLUIDS  #%:42  1: 4
j1:361-382  DOI: 10.1002/fld.517 ! iR 4F-: JUN 10 2003
W5 I4R: 19 Gk Web of Science) 5| 2% SCiik: 34
$#%L: Based on the Bhatnagar-Gross-Krook (BGK) Boltzmann model equation, the unified simplified velocity
distribution function equation adapted to various flow regimes can be presented. The reduced velocity
distribution functions and the discrete velocity ordinate method are developed and applied to remove the
velocity space dependency of the distribution function, and then the distribution function equations will be cast
into hyperbolic conservation laws form with non-linear source terms. Based on the unsteady tithe-splitting
technique and the non-oscillatory, containing no free parameters, and dissipative (NND) finite-difference
method, the gas Kinetic finite-difference second-order scheme is constructed for the computation of the
discrete velocity distribution functions. The discrete velocity numerical quadrature methods are developed to
evaluate the macroscopic flow parameters at each point in the physical space. As a result, a unified simplified
gas kinetic algorithm for the gas dynamical problems froth various flow regimes is developed. To test the
reliability of the present numerical method, the one-dimensional shock-tube problems and the flows past
two-dimensional circular cylinder with various Knudsen numbers are simulated. The computations of the
related flows indicate that both high resolution of the flow fields and good qualitative agreement with the
theoretical, DSMC and experimental results can be obtained. Copyright (C) 2003 John Wiley Sons, Ltd.
SCHRZEAY: Article iEF: English
YE 3 L8t Boltzmann model equation; gas Kinetic theory; discrete velocity ordinate method; NND
finite-difference scheme; rarefied gas flow; continuum flow
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Combustion of liquid and gaseous fuels in a supersonic combustor
Le, JL (Le, JL); Bai, HC (Bai, HC); Mishunin, AA(Mishunin, AA); Starov, AV (Starov, AV)
K H RY): COMBUSTION EXPLOSION AND SHOCK WAVES  #4:39  #:3  11:292-299  DOI:
10.1023/A:1023892119527  Hi 4 MAY-JUN 2003
WS I4IK: 0 Gk Web of Science) 51 H K122 Ciik: 11
$#%L: Results of an experimental study of a full scramjet model operating on kerosene, which was performed
in an 1T-302M hotshot wind tunnel based at the Institute of Theoretical and Applied Mechanics of the Siberian
Division of the Russian Academy of Sciences, and an experimental study of a model operating on hydrogen,
which was performed in a hotshot wind tunnel with fire heating based at the China Aerodynamic Research and
Development Center, are reported. The tests were performed for Mach numbers 5 and 6 for flow parameters
close to in-flight conditions. An optimal system for kerosene injection under these conditions was determined,
and the thrust characteristics of the engine model were examined. The possibility of controlling kerosene
combustion in tests in the short-duration wind tunnel was analyzed, and special features of fuel ignition in a
short combustor were considered. Intense combustion of kerosene was achieved with upstream injection of
more than 3% of hydrogen, which allowed obtaining effective thrust. The distributions of static pressure and
force characteristics of the model in the case of kerosene and hydrogen combustion were compared.
SCHRZEAY: Article iEF: English
3 ki scramjet; supersonic combustor; kerosene; thrust
KeyWords Plus: KEROSENE
T IRAE R Hutik: Le, JL (GE R AE#),China Aerodynam Res & Dev Ctr, Mianyang 621000, Peoples R China
Hodik: 1. China Aerodynam Res & Dev Ctr, Mianyang 621000, Peoples R China
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High-order accurate dissipative weighted compact nonlinear schemes
Deng, XG (Deng, XG)

K H IR SCIENCE IN CHINA SERIES A-MATHEMATICS PHYSICS ASTRONOMY  %:45  Hi: 3
71:356-370  HiJR4E: MAR 2002
W5 I4IR: 5 (G Web of Science) 51 M 12 2% Ciik: 24
f#%L: Based on the method deriving dissipative compact linear schemes (DCS), novel high-order dissipative
weighted compact nonlinear schemes (DWCNS) are developed, By Fourier analysis, the dissipative and
dispersive features of DWCNS are discussed. In view of the modified wave number, the DWCNS are
equivalent to the fifth-order upwind biased explicit schemes in smooth regions and the interpolations at
cell-edges dominate the accuracy of DWCNS. Boundary and near boundary schemes are developed and the
asymptotic stabilities of DWCNS on both uniform and stretching grids are analyzed. The multi-dimensional
implementations for Euler and Navier-Stokes equations are discussed. Several numerical inviscid and viscous
results are given which show the good performances of the DWCNS for discontinuities capturing. high
accuracy for boundary layer resolutions, good convergent rates ( the root-mean-square of residuals
approaching machine zero for solutions with strong shocks) and especially the damping effect on the spurious
oscillations which were found in the solutions obtained by TVD and ENO schemes.
SCHRZEAY: Article iEF: English
YE& J8EA: numerical calculation; compact schemes; nonlinear schemes; Euler equations; Navier-Stokes
equations
KeyWords Plus: FINITE-DIFFERENCE SCHEMES; SHOCK-CAPTURING SCHEMES; BLUNT-BODY
PROBLEM; FLOWS; SIMULATION; EQUATIONS
T TRAE & Hutik: Deng, XG (Il i /E#),China Aerodynam Res & Dev Ctr, Mianyang 621000, Peoples R China
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Some research in application of holographic interferometry and computational flow imaging
Le, JL (Le, JL); Wu, YC (Wu, YC); Ni, HL (Ni, HL); Yang, H (Yang, H); Wu, HL (Wu, HL)

K YR RY): OPTICAL TECHNOLOGY AND IMAGE PROCESSING FOR FLUIDS AND SOLIDS
DIAGNOSTICS 2002 M 15 : PROCEEDINGS OF THE SOCIETY OF PHOTO-OPTICAL
INSTRUMENTATION ENGINEERS (SPIE) ~ #5:5058  Ti:1-8  HiJilf: 2002
e IR 0 Gk Web of Science) 511 (&% Cifik: 9
231 Conference on Optical Technology and Image Processing for Fluids and Solids Diagnostics 2002 41
Hopi: BENING, PEOPLES R CHINA 4l HH: SEP 03-06, 20024 W) F§: Beijing Univ Aeronaut &
Astronaut; KC Wong Educ Fdn; SPIE; Chinese Soc Theoret & Appl Mech; Chinese Aerodynam Res Soc;
Visualizat Soc Japan
f# %L: Two-dimensional flow visualization by laser holograph interferometry in shock tube and some
applications in Computational Flow Imaging (including color interferogram and three dimensional flow) are
presented.
SCHRZEHY: Proceedings Paper #EFf: English
k4 <17 holograph interferometry; computational flow imaging
THHAE i hk: Le, JL (GETHAEF4),CHina Aerodynam Res & Dev Ctr, POB 211, Mianyang, Sichuan, Peoples
R China
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Optical-fiber-transmission laser sheet technique for flow visualization in intermittent high
speed wind tunnels
Hu, CH (Hu, CH)
K YR RY): OPTICAL TECHNOLOGY AND IMAGE PROCESSING FOR FLUIDS AND SOLIDS
DIAGNOSTICS 2002 M 15 : PROCEEDINGS OF THE SOCIETY OF PHOTO-OPTICAL
INSTRUMENTATION ENGINEERS (SPIE) ~ #5:5058  1i:344-350  tHhR4F: 2002
ek 0 Gk Web of Science) 511 11Z% Cilik: 4
231 Conference on Optical Technology and Image Processing for Fluids and Solids Diagnostics 2002 41
Hbop: BENING, PEOPLES R CHINA 2l HH: SEP 03-06, 20024 W BhFi: Beijing Univ Aeronaut &
Astronaut; KC Wong Educ Fdn; SPIE; Chinese Soc Theoret & Appl Mech; Chinese Aerodynam Res Soc;
Visualizat Soc Japan
f#%L: The light sheet technique provides a unique method of visualization for off-body flow fields at subsonic
through supersonic speeds. But conventional mirror transmission laser systems have some shortcomings: The
harsh environments of high speed wind tunnels often cause the misalignment of the optical components and
the contamination of the mirror surfaces. The exposed laser beam is dangerous to the persons at the work site.
This paper presents an advanced optical-fiber-transmission laser sheet system, which provides a solution to the
problems above and greatly improves the quality, safety and reliability of the light sheet. The emphasis is laid
on the detailed composition of the new type visualization system. Some examples of its applications in
transonic/supersonic wind tunnels are also given in this paper.
SCHRZEH: Proceedings Paper EFf: English
YE5 S EtA: fiber optics; flow visualization; light sheet technique; vapor screen
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The LIF measurement for arcjet of oxygen and argon mixture gases
Yang, FR (Yang, FR); Yue, B (Yue, B); Su, T (Su, T); Yu, FM (Yu, FM)

K YR RY): OPTICAL TECHNOLOGY AND IMAGE PROCESSING FOR FLUIDS AND SOLIDS
DIAGNOSTICS 2002 M 15 : PROCEEDINGS OF THE SOCIETY OF PHOTO-OPTICAL
INSTRUMENTATION ENGINEERS (SPIE) ~ #5:5058  Ui: 463-469  tHhi4F: 2002
ek 0 Gk Web of Science) 51 FH 1Z% Cifik: 1
231 Conference on Optical Technology and Image Processing for Fluids and Solids Diagnostics 2002 41
Hbopi: BENING, PEOPLES R CHINA 4l HI: SEP 03-06, 20024 W) F§: Beijing Univ Aeronaut &
Astronaut; KC Wong Educ Fdn; SPIE; Chinese Soc Theoret & Appl Mech; Chinese Aerodynam Res Soc;
Visualizat Soc Japan
##L: This paper presents applications of LIF in the flow of high temperature and high enthalpy gases: We
have adopted ArF excimer to excite the rot-vib absorption lines near 193.3nm for Schumann-Runge system of
Oxygen and used ultraviolet PMT to detect the fluorescence near 256nm to establish a set of LIF flow field
measuring system based on ArF excimer. On the basis of LIF system we have done some research on LIF
technology. We have obtained the experimental results of fluorescence signal within Oxygen Schumann-Runge
system for the air at room temperature and arc-jet of oxygen and argon mixture gases. The experimental results
show that the LIF measurement system based on ArF excimer has been established successfully.
SCHRZEHY: Proceedings Paper #EFf: English
YE& S8t laser induced fluorescence; spectroscopy diagnostics; arc-jet
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Research into impact effect on 3-D object of shock wave passing through curved channel
and surrounding hill
Yang, H (Yang, H); Yue, MX (Yue, MX); Le, JL (Le, JL); Guo, ZL (Guo, ZL); Zhang, LH (Zhang, LH)
K YR RY): OPTICAL TECHNOLOGY AND IMAGE PROCESSING FOR FLUIDS AND SOLIDS
DIAGNOSTICS 2002 M 15 : PROCEEDINGS OF THE SOCIETY OF PHOTO-OPTICAL
INSTRUMENTATION ENGINEERS (SPIE)  #5:5058  Ui: 644-648  tHhi4F: 2002
eI 0 Gk Web of Science) 511 HIZ% Cilik: 4
231 Conference on Optical Technology and Image Processing for Fluids and Solids Diagnostics 2002 41
Hbp: BEIJING, PEOPLES R CHINA 43 H 1: SEP 03-06, 2002 < i3t 7i: Beijing Univ Aeronaut &
Astronaut; KC Wong Educ Fdn; SPIE; Chinese Soc Theoret & Appl Mech; Chinese Aerodynam Res Soc;
Visualizat Soc Japan
f#%L: The flow field of shock wave passing through curved channel and surrounding hill is investigated in a
shock tube by holographic interferometry along with the quantitative measurement of the pressure distribution
on the 3-D object by transducer pressure measurement technology. The test results indicate that the effect in
the flow field of shock wave is the largest at the copulation of 3-D object and hill, the object leeward surface
and its corner. It is signicant to research into impact effect of shock wave at the complicated landform.
SCHRZEH: Proceedings Paper #EFf: English
YE5 & 8tA]: shock wave; 3-D object; flow visualization; pressure measurement; holographic interferometry
T IAE & Hdik: Yang, H (B 1R/FE#),China Aerodynam Res & Dev Ctr, Mianyang 621000, Sichuan, Peoples R
China
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Development of the fully-digital DC speed regulation system in 8m X 6m Wind Tunnel
Li, DX (Li, DX); Ye, JC (Ye, JC); You, X (You, X); Zhang, XD (Zhang, XD)

K ERY): INTERNATIONAL CONFERENCE ON SENSORS AND CONTROL TECHNIQUES (ICSC
2000) M fi: PROCEEDINGS OF THE SOCIETY OF PHOTO-OPTICAL INSTRUMENTATION
ENGINEERS (SPIE)  #:4077  11:449-452  DOI: 10.1117/12.385508 i filR4F: 2000
eI 0 Gk Web of Science) 511 11Z% Cilik: 2
21 International Conference on Sensors and Control Techniques (ICSC 2000) 4 (b fi: WUHAN,
PEOPLES R CHINAZ X [ HH: JUN 19-21, 2000251 #E 4 Int Soc Opt Engn; Chinese Soc Instruments;
Chinese Soc Electr; Wuhan Univ Technol; Huazhong Univ Sci & Technol
%L The old analog system of speed regulation of 8m x 6m wind tunnel has been successfully reformed
recently. The new system realized fully digital control on 2600kwW DC motor, through rebuilding two sets of
485V and 30A speed regulation equipment used in controlling large power thyristor rectifier of 2-stage serial.
SCHRZEHY: Proceedings Paper #EFf: English
i3 4t DC speed regulation system; fully digital; wind tunnel
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