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Numerical simulation for flow around circular cylinder at high Reynolds
number based on Transition SST model

LEI Juanmian®, TAN Zhaoming

(School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: In order to study the boundary layer transition phenomenon and the flow characteristics of flow
around circular cylinder at high Reynolds number, the experimental results and the results that are obtained by
using the Transition SST model and the SST k- model were firstly analyzed at typical Reynolds number, and
the advantages of the Transition SST model was verified at high Reynolds number. Meanwhile, the boundary
layer transition phenomenon and the flow characteristics were more accurately predicted. Then, the numerical
simulations were performed in subcritical, critical, supercritical and over critical regions. The variation of flow
field structure and the friction coefficient curve was analyzed under the different Reynolds number. The flow
characteristics , flow mechanism of boundary layer transition, and variation of transition positions were studied.
Results show that the boundary layer separates laminarly, and the flow does not form a separation bubble and
transition phenomenon in subecritical region; in critical and supercritical region, the flow forms a separation
bubble, and ultimately turbulent separation happens after transition occurs with the flow; in over critical re-
gion, the boundary layer separates turbulently after transition occurs with the flow, and the flow does not form
a separation bubble; the more the Reynolds number is, the closer the transition position is to the front stagna-
tion point of cylinder in critical, supercritical and over critical region.

Keywords: flow around circular cylinder; Transition SST model; flow characteristics; transition phenom-

enon; aerodynamic characteristics
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Experimental analysis on infrared temperature measurement of
flue gas covering surface
ZHONG Wanli"*, WANG Wei', LIN Jiedong', ZHANG Biao®, XU Chuanlong’

(1. Electric Power Research Institute of Guangdong Power Grid Co. , Ltd. , Guangzhou 510080, China;

2. Key Laboratory of Energy Thermal Conversion and Control of Ministry of Education, Southeast University, Nanjing 210096, China)

Abstract. Radiative participant flue gas has important influence on the infrared surface temperature
measurement of flue gas covering surface. According to the characteristic of the sample temperature distribu-
tion measured by an infrared CCD camera, a simplified one-dimensional model of infrared surface temperature
measurement is established. Based on the simplified model, the detected infrared temperatures at different
thickness of flue gas and surface temperature of sample are analyzed using source multi-flux method. Finally,
a muffle furnace is used to heat the measured surface, and a vibrating screen is used to simulate flue gas cov-
ering environment. An infrared temperature measurement system is built for flue gas covering surface. The an-
alytical model of source multi-flux is verified by the experiments, and the measured temperature by the experi-
mental has a good agreement with the predicted temperature by the analytical model. The idea of modification
for the infrared temperature measurement by inverse method is proposed.

Keywords : infrared temperature measurement; source multi-flux method; radiance transfer; participat-

ing media; temperature correction
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Intermodulation attenuation ratio test methods for
VHF/UHF band transmitters
SU Donglin""*, HE Hongtao'>, GENG Lifei’, FAN Qiuhu’

(1. School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. Luoyang Electronic Equipment Test Center of China, Luoyang 471003, China)

Abstract. The simplified model of transmitter RF circuit was established. Using this model and the
nonlinear polynomial model, we studied the relationship of transmitter intermodulation (IM) level between
the insertion loss of RF filter, the power and the frequency offset of interference signal. According to results
of the theoretical analysis, we found the imperfection of the definition of current transmitter IM attenuation
ratio, and also propounded the new definition. We analyzed the limitation of the transmitter IM attenuation
ratio test method. In order to get more accurate test data of transmitter IM level, we designed the new config-
uration of transmitter IM level test link. A new test method was proposed after analyzing the relationship be-
tween key physical parameters of the link. We provided the processing model of test data. The new method
expands the frequency test band, relaxes the restrictions of transmitter power, and reduces the performance
requirement of test device. The new method was used in IM test of a substantial broadcasting station, the test
result and the theory analysis are validated, and the rationality and accuracy of the test methods are proved.

Keywords: transmitter intermodulation; level of IM product; intermodulation attenuation ratio; test

link ; test method
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Effect of plasma on combustion characteristic of
fuel gas in afterburning chamber
HONG Yanji® , ZHANG Peng, SHEN Shuangyan, XU Xu

(State Key Laboratory of Laser Propulsion & Application, Equipment Academy, Beijing 101416, China)

Abstract: In order to study the influence of plasma on the combustion characteristic of multicomponent
fuel gas in the ramjet chamber, a multicomponent fuel gas supply system and a diffusion combustion experi-
mental model based on the ramjet, which can exclude the mixing effect of intake air on the fuel gas, are de-
signed and built. The main active particles produced by discharge plasma torch are analyzed with emission
spectrometry ; the flame combustion photos of multicomponent fuel gas is taken to analyze the influence of plas-
ma on the flame shape; the total pressure and static pressure on four different cross sections of the afterburning
chamber are measured to analyze the combustion efficiency of fuel gas under the influence of plasma. The re-
sults show that the main excited particles of N, and O, are generated with excitation of plasma; under the ac-
tive particles of plasma, and the flame length in the scramjet nozzle becomes shorter, which means that multi-
component fuel gas can burn more completely with plasma; the abrupt increase in the total pressure and static
pressure appears when plasma is working, which shows that the combustion efficiency of multicomponent fuel
gas in the ramjet increases with plasma too, and the combustion efficiency increases with the growth of dis-
charge plasma power.

Keywords: plasma torches; afterburning chamber; diffusion flame; combustion efficiency; spectrum

analysis; methane
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#£1 NACAR2 ERHESEIXTESH
Table 1 Duct main parameters of
NACAO0012 airfoil section

e i/ m

K 0.1665
TR 0.34
FENR 0.30
- A ] B 0.026

F2 Kad-5508 BIERFTESH
Table 2 Main parameters of Ka4-5508 propeller

HZ/m 0.25
FL T G 0.55
BRI 0.2
R LY 0.8
Hent 4 4

K1 R =R

Fig. 1  Three-dimensional model of ducted propeller
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P2 i B B R A s T
Fig.2 Meshing sketch of rotating domain

B3 3 A sl o 4% ol 4y
Fig.3 Meshing of fluid domain

B4 S 2T I A ) 4y
Fig.4 Meshing over surfaces of ducted propeller
2.2 HREH
EFERE L, R R E R, T,
BB 2 i A R ) MR 3%, BLRIRCE L3R 3,
3 BEEBRRIR

Table 3 Numerical model and operating condition

HUE Ty AR A
. Y R TR
Rl fi 5 Bt A 28
it Y A5 7Y SST k-w
2 g MRF
KR/ (kg - m ™) 998.2
KEEN B RE/ (kg - (m-s) ™) 0.001 003
W RE I/ (v - min’l) 600
ADEEE/(m-s™ ") 1.25
JE 8 ok =X Standard
A= SIMPLEC
224y 77 K — B30 AU 2

R T RUE S 2 AT B ) A R R A ofE
PE A SO A1 38 07 21158 7 ID7704 + Kad-
5508 A MK B 1 PERE , Of 5k 50 FicdE 2E 17
. 5 4 TR [ T BB S Y RIK
fig. WRBER MM T R BK,, IR IE I B R R
K, SFENHEN R K, FENEEREK,.
IR W E R BT o X (6) ~ K (10)
i

HELE S 1 T R B
Ky, = f 7 (6)

? pn'D

BBV I 1) B R
Ky, :pn(gz)s (7)

FEMMET R
K=ty ()

pn'D

SR

Q,
Ky =—5— 9
Qd pnzDS ( )

B 2% 4 0 R BK
Y (10)
nD
AT, HIRHERAHETT 0, WIBHERMWEESE T,
SIS0, A IR 0 RV, N IRE
S, (EIE XK, =Ky, + Ky Ky =Ky, +Koro
B AR 5K I ST R L, 25 R A5

J

K5 JD7704 + Ka4-5508 %1 45 4 ok 454k 11
HHE 5 R H L
Fig.5 Comparison of numerical and test results of
JD7704 + Ka4-5508 ducted propeller’ s

open water characteristics
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FEEY O 4D, TH R TS R S 2 A R R
5D E 2 s it R 15 R e 2 4 Y B
B0 3D TR 11 5 MR S A T R BRSO 6D

MIELS AL 7E 3 5 U2 8 R AT T
2 Ff N RS 1A AN 2 00 T34 2R 3 AR KR
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oK ) TR X B SR NACAO0012 BFEAT O &
A T, HA R R UL IR 6 v O 16 T

Kl 6 HtpEJy -0.750.0 F10.75 0 b 548 3P H 1~ = E
Fig. 6 Schematic diagram of duct’s airfoil sections as

f=-0.75¢, f=0, and f=0.75¢
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Fig.7 Variation of tip clearance with cambers of duct
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K8 f=-0.75t,f=0F1/=0.75t B 5% O-xy
AT L 3 2 AN il ) R 0 A
Fig. 8 Flow lines and axial velocity distribution on O-xy

section as f= =0.75¢, f=0, and f=0.75¢

R4 BEHE R R BE 6 TR E
Table 4 Averaged axial velocity on different

sections with varied camber

. A/ rh R B/ thH R/

#HepE -1 -1 -1
(m=+s™ ) (m-+s™ ) (m+s™ )

-0.75¢ 1.314474 1.808438 1.267485
0 1.193269 1.366831 1.190093
0.75¢ 1.047939 0.909793 1.023590

9 f=-0.75¢f=0F1F=0.75t Bt & WIHFH
il 2 1 el 1) L 43 A
Fig.9 Axial velocity distribution along
x-axis as f=0.75¢, f=0, and f/=0.75¢
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10 f=-0.75¢ /=0 fl f=0.75t if FE I O-xy
ARRCTAT L 3L AR Al i) R 3 A
Fig. 10 Flow lines and axial velocity distribution on O-xy
section with propeller as f= -=0.75¢, f=0, and f/=0.75¢

P11 A SR A B X R e 3 0K Bh 1 BE B4 R
Fig. 11 Influences of cambers of duct’s airfoil section on

propeller’ s hydrodynamic performance
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12 f=-0.75¢ =0 fl f=0.751 it
S iy 045 I I ) 4 A
Fig. 12 Pressure distribution on propeller’ s back and
face as f= —0.75¢, f=0 and f=0.751¢
=0.75¢.0 F10.75¢ BF, 5 285 10 b A% 5k 1 8 B 40 A
WmE 14 fis.

MNP 14 0] LA 3 i3 08 350 Bt A 54
SR BT 1) R A SR AR — B, R AN A
14 N R A RE b TR B TG, 0 L 2 4 ] B
b, ST B — AR X I A 1) B —
WX, BESFERE B H -0.75 ¢ B #iAE
h0.75 ¢, 58 P9 RERRE I A4 Al 1) 3 RE 2 e DS L
ML N 0.75 ¢ 0, 45 PN RE BEIE B B0 i 3
AR U

B 13 f=-0.75t /=0l f=0.75¢ i} & JE 10 1
Fig. 13 Pressure distribution on duct as f= -0.751¢,
f=0, and f=0.751¢

4.2 HETESEEREIEHNA

AT N A R A Y ) I B EAT T
A5 NACA0012 FIE HIT M9 16 KM o Sy 0°, J4t
TS SO, MR o« sl - 80, —4°.0° 4°,
8°, TE B 348 BLE ) T U AR 0 ok #R b, DR R
(VAR =5 RN (] e ST VA 7 N b B 2 £ |
h —8° 0°FN 8°mf Jy 5], HAYLE AN 18] 15 froR o
4.2.1 FRRAKA TSGR ILE

A o3 M 1 3B FI T K 3 o R - 8°.0°
8 A AR N 1. 25 m/s B, 45
T A T A AT, o A S A S A D A
3 A AnE 16 JTR o

MIE 16 F1&l 8 (b) AT LLE i, 4 545 3B #
1 BCFf 2R — 8° 1 0°BT, S48 A H 3] 1 i i )
R T, U e R O S, M
Y ff Ay 8°mt , S A I 3 H T A iy 1o 5ok BBE O
/0N, E W I I A O e A . IR 16 W LLA
X T A S SO S A Tl el R AR KA A
TE A AP EER AT Z o X T MM O IE A Y 3



248 B[ AP RS 1 M NI NI S 1 2017 4§

A Tl e R A R A 7 A A N BE T 2%
K17 RIS S 0 il T S8 SR i i 2 f o - 8°,0°
8, S A PN A [ o7 5 il 1) 3 ) A8 AR O

16 «a= -8°H o =8°H} T4 O-xy # 1
[ Yt £ 1 ey 1) 32 4 A
Fig. 16  Flow lines and axial velocity distribution on O-xy

section as a« = —8° and o =8°

Bl 14 f=-0.75t /=0 fl f=0.75¢ B}
FER x/R =0 Kbl 2 4y A
Fig. 14  Axial velocity distribution of ducted propeller on
x/R =0 section as f= -0.75¢, f=0, and f=0.75¢

K17 a=-8°.a=0°f a =8°WS&N

F 15 a=-8°.a=0"% a =8 FEIIY I H~ KK T R £ 1) Bl 1) T B2 93 A
Fig.15 Schematic diagram of duct’s airfoil sections as Fig. 17 Axial velocity distribution along x-axis

a=-8°, a=0°, and o =8° as a= -8°,a=0°, and a =8°
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R5 BT A BB B T E E
Table 5 Averaged axial velocity on different sections

with varied attack angle

s/ (o) (A D’Eg; Tmmg)/ :L’mugrg ,
-8 0.750235 1.086298 1.117297

0 1.193269 1.366831 1.190093

8 1.682453 1.472395 1.130847
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Fig. 19 Influences of attack angles of duct’s airfoil

section on propeller’ s hydrodynamic performance
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Performance comparison of accelerating duct and decelerating duct
HU Jian", WANG Nan, HU Yang

(School of Shipbuilding Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: In order to study the loading characteristics of different forms of ducted propellers, this paper
analyzes the hydrodynamic performance of accelerating duct and decelerating duct and their influences on pro-
pellers by using computational fluid dynamics ( CFD) method. The computation domain is divided into two
parts: cylindrical domain containing the propeller and outer domain containing the duct. The computation do-
main is discretized by using fully structured gridding technique to optimize the quality of grids and improve the
accuracy of calculation. The continuity of physical quantities such as fluid velocity and pressure between dif-
ferent domains is guaranteed by using the interface technique. This paper analyzes the hydrodynamic perform-
ance of JD7704 + Ka4-5508 first, and the according results are compared with those by experiments to verify
the rationality of the model and the grids technique. On this basis, this paper analyzes the hydrodynamic per-
formance of accelerating duct and decelerating duct with varied cambers and angles of attack, and their influ-
ences on the loading state of propellers. The study shows that the accelerating duct and decelerating duct due
to the variation of the cambers and angles of attack have different hydrodynamic performance, and they can op-
timize the propeller’ s operating conditions and loading characteristics greatly.

Keywords: ducted propeller; accelerating duct; decelerating duct; computational fluid dynamics
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Fig. 1  Flowchart of Fischer-Tropsch synthesis reactor
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Measurement method of bubble behavior by optical probe in
gas-liquid bubble column reactor
HE Guangxiang, GUO Xiaoyan, YANG Suohe, JIN Haibo "

( College of Chemical Engineering, Beijing Institute of Petrochemical Technology, Beijing 102617, China)

Abstract. Gas holdup, bubble velocity and bubble chord length in gas-liquid bubble column reactor were
measured by using optical probe and conductive probe. It was shown that optical probe has rapid and marked
step response to bubbles. When the probe signal data are converted into square wave, the ratio of the sampling
points in gas phase to the total sampling points is the local gas holdup. Radial integral of local gas holdup is
average gas holdup. Comparison among the gas holdups measured by pressure difference, optical probe and
conductive probe shows that optical probe is more accurate than conductive probe. Modified optical probe was
applied to gas-liquid bubble column reactor with high temperature, high pressure and organic solvent system.
The radial profile of gas holdup was in the shape of parabolic. Gas holdup was lower at center and wall, higher
at two-fifth of the radius. These shows that optical probe is suitable for the measurement of bubble behavior in
high temperature, high pressure, organic system.
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Fig.1 Schematic diagram of DREHA system structure
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Fig.2 Force fighting in active/active mode
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Force equalization control for dual-redundancy electro-hydrostatic actuator

QI Haitao""*, TENG Yating’
(1. Engineering Training Center, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100083 , China)

Abstract: With the development of key technologies about more/all electric aircraft, electro-hydrostatic
actuator (EHA) is widely applied in aircraft actuation system. Dual-redundancy electro-hydrostatic actuator
(DREHA) is easy to realize effortless redundancy design, and improve the reliability of its use in aircraft. The
structure of a novel DREHA is presented, and then the working principle and the intrinsic force fighting phe-
nomenon are analyzed. Ideally, the force fighting disappears by flow compensation. Simulating model cannot
be identical with the actual DREHA system completely, so the parameter error is set factitiously in model, and
a big force fighting is observed again. Aimed at the phenomenon of force fighting, force difference compensa-
tion control and cross-coupling control are proposed to eliminate force fighting based on the pressure of two
channels. The results of co-simulation based on MATLAB and AMESim indicate that the controller designed to
eliminate force fighting can strongly decrease the amplitude of force fighting and improve the system response
speed greatly.

Keywords: dual-redundancy electro-hydrostatic actuator; force fighting; force equalization control; force

difference compensation; cross-coupling
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KNS (RFRIFAEER) | 3R TETT 46 AT I 20 4
DURSE 0 25 A (45 I 2 B ST 00 S5 0 AN PhA T 3 /R
HORFFISRIE S E, O a I PATROR 6 (18 PR AL
R LTI o TETF IR AT I 20 77 2 1 880OR
MEER I 2] 7= A AR . X T 5% ce C,, IRk
Hyg@2 i, WHEAIEA: ((st,,et,)v=4d),
d e Dom () ; 41 2R H: 24 o B {42 4, A7 8 X
((st,et)vopexp),ope|>,=,<,<,==],
exp A B AR 78 6 R0 i 2H R Rk . X T AL
RoefeE,, iR H w2802 &, N HA A
CLeJved); 2R H 52 me £ {28 &, WA B
([t]v eop exp),eope { =, +=, —=, %= /=1,

3) ITAMBME S MRRIRES, 2 fe VIRT
“T"8“F” , M xeV, BT d e Dom(x),

4) G N ABE, B A A B (f =
d) X2 JFRTE LRI T7 SR AT I AT

5) T, R 5E W fil e SCF B A BRAE S (A
) B X ([t f=d) AL ® fAER 2] ¢
) A ST A d

6) E, Sy M\ & B AR 5 O B 0 e S
E,:V,UX—Procs,X = {dur,la e A} ,Procs HHMK
AL RRE, X T oeV, UX, B v BY{E H o
E,(v) e Procs it 5, IR E, (v) BEHAEZNS
e, Hoh FEMSEON HHT 2] ¢, I B, (v) (1)
FOR A v FEFZ] 0 A HUE

7) 8:A—R N FE A R KL, RN AT @
ity ZAT AU ,6(a) <0 FRIRIMAT @ R AT .

Xf S AR R 8] 5 SCE— 20 B AN T < 8 s A
a YT 46 BRAT I 220 R0 25 o iF 20 43 0030 Sy st, A
et,o M TEERATHRM ce C,, IR st, =et, =
st, , W ZESR Z& A ¢ 78 a M TFIR I 20 05T, BRI 2K 5%
R FF IR S5 IR st, = et, =et,, WK ¢ 1£ a
R 45 SRINE 220 JRC ST, BRI 2 SR A O 2 R AR AR n R
st, =st,,et, =et,, WERK ¢ 7EFF X [H] (st,,et,) b A%
S PRI SR A RS SR . X T EE o BIRCR
(Leloe=d) I o = st,, W BORAE S AR 19 0T
I 20 %t BRI R OR R TR IR S8R s IR 1 = et
WIZ AR A B A 19 45 SR B 20 & A BRI RO
SRR
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TP R R M\ 2 A T T R B T BRI &R 4
Ab AR IR AR R Horh s I ik SO AR T,
SBT3 e A e B B ) AR AR AR B B S
TEE A S RN B AR KR 2 i R A7 A0 BB 3R 5 Y
M), B HSC{E A 7 s ) S R 30 A 4R 852 I (] 24 ] 3
AR AR P, TP AR R R AL G ) 2
FA AR T e

Y5 — A ELRE TP ), i — AR 2
s A TAEWMMEHAR . Hs(v) RR s WER v
FIMRAE , I s(v) € Dom (v) o AR A — B X 4
7 R 2 AR, A% — 8 3 AR A AR A R S A
R RS NS I A A2 i A (R A IR 2SR O 5 4
W& RS s b WRNME o B9TF IR S e
2 st, WAL, G5 SR AR AR 2 et, JNST, RS SR
TETFIXIE] (st, et ) RS, MFR o 72 s b Al 4T
a fEs AT IR RARZSIE R apply (s, a) 35T
HAE st, B2, 3% B o (0 T 4R RO TR s 19 208
AR " 1E et, BFZ, 3 B0 o OS5 RACR T 3T ' 19
"o M 7= ((t(a),a,),(t(a),a,),,
(t(a,) ,a,)) FRIETFI], LR o, TR
TES | P PATHI IR 1 (a,) R BERIHATIN 2. %)
TR s 2R 7 RS AR AT  WAR 7 s
FEEETS . R RRIEIRE T WA
RENVERFS, I BT o, J5 RPIRS T 2 B Fr%E ¢
A E AR, AR ar Sy TP A IT = (VAL
G,T,,E,,5) BRI Jr 58 (CHUhR MR Ak, AR FL &) o
BB RIS TE ms () % 1(a, ) +dur, .

m AR 8 () 5 SCH BT A s VE AR 105
Y 8(a,) o m X BT o (97 FE 4 O 7E 0
Z) ms(ar) b x BB S ER AR 1« BUERY
2o MUHE I A B RE | 3l AR AR H L BE IR O AR A 4R
FRIO A R 3 A LRI R R R
(plan quality) 45

T[] — > 2 AR 8 KL R0 45 A, T 2SR KL R 55 1
TR S 0 Y MR e, B0 RS — A A
T A R A o AT — 28 T TR AR Ay e O R )
(optimal planning) [A] 8, 5 — 2 [n] & B S 6 = AL
Rl ( satisficing planning ) [A] me ORE TR
B 7] T g AT 55 A T R AR A R A R )
)RR, — P LT il R R IR) R X 25 5 SR A
RN

T 2 T SRR AT Ry B S ) ) — A
TS, 22 S5 K A 28 AT SR F TP A8 A0 fe e A
WS fBE A EAT 2 AMEIR A KRB i)
AL T K HAE 55 H AR A8 B Ak 58 sAR I T

Yo AL 85 24 1 BE i 80, 78 AH X IS %) 30 JT 4R
b F R BH G BRI S8, AT 55 29 3Ry - A8 BRI 22 if 8K
WA I BE 1 0 KT 50, 7E BRI 3l A 19 $h AT 2o 72 vh
N—EAE T RHCRIX S, K 3 B & 3hsh
Vi B0 H7 22 ) 18] 01 AE B 3 #€ 23 901 th AP i3 B2 proc,
Al proc, THEE. 6 B AL 74U 8 10 5 S 0 ]
FRE 5 JH #E 43 0t AP AR 3L 72 proc, F1 proc, 5
[ N O N o 5 Nt T (1R
proc, (0) =10, proc, (0) =20, proc, (30) =15,
proc, (30) =50, B2 %1 0 807556 5 3 f ) 5
ZEIS A2 10 RE RN AE 2 20, 7E I 2 30 SR AT 4R I
HER LA R 15 REETH AR 50, XA
SRR I [R] 5 BE R AR b B SR A AR 2 AR 21 0 $hAT
MK 3| B BR S s , 7E s %) 30 $AF T4 sh1F

38 A SCHE M g TPPP PP AR R 0o | 3 S 45
TR s, B R T . ARV, =
{at_K, at_B, reachable _K_B, in_sun, work _
donef , &L M LT :at_K =T £RiK
MAFAEIFEIA R K, at_B = F R s 8 &8 AR 15T S
B,reachable_K_B =T F/R{EJH &S K fl B 1£ 55 0]
TR in_sun = T 378 A0 2% 40 F 56 FEVE FI A,
work_done = F K78 I TAE K 56 . BEUE S
4 V, = {energy, eng _ consume,, eng _ con-
sume, | ,energy AF i F AR KL 2% A9 ML (E, R
2 AR RN R, MIRRE T={a_ K=T,
at_B = F, reachable_K_B =T, in_sun = F, work_
done =F} . HAFr%E G = {work_done =T| F/R1E 5
FUbR b B8 58 BRI A% o

AR HYAT A ERBANR . K B2 A5 0] (9 7% 3))
#h1E move,, = (dur, ,C,,E, ), EHENEC, =
{ {(st,,st,)at_K=T}),{(st,,st,)reachable_K_
B=T), ((st,,st,) energy =80 ) |, & K H R Ik
E, =1{((et,,et,)at_B=T),((et,,et,)at_K =
F),{(et, ,et, )energy —= eng_consume, ) | . 7£ B
L TAEB S AE work, = (dur,,C,,E, ), E BT
£ C, ={((st,,st,)at_B =T),{(st,,st,)energy =
30),((st,,st,) work _done = F) |, & %% 4
E,= {{((et,, et, ) energy — = eng _ consume, ),
((et,,et, ) work_done = T) |, &R fih & CF %
T, = {([30])in_sun = T) | IR &4 8% 75 i %] 30
A7 T BT o A2 i 55 AR B Ao AR Y X i G
ZK:E,(dur, ) = proc,, E,( eng _ consume, ) =
proc, , E,(dur, ) = proc,, E,( eng _ consume, ) =
proc, , % /878 & dur,, . eng_consume, .dur, Fl eng_
consume, Y HCAE 43 1] Hi Ab & 4 2 proc, | proc, |
proc, fll proc, i1 %,
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R 1)t (4 e SRV R R B T AR
HRAE A LA, PDDL 35 35 #2748k B
Y SC, A B 3 IS BF 5 v R R T R4 AR S
A SEBR AL S T A T T R A 5 AT
% s AT R DL K s A R AN S AR
77 PDDL % % (49" & PDDL™""  Jl % B4l 4T
55 h AT N IE

AR S 18 AL R TR) R ) B A P R BLAE 2 SO
1f] : —J7 [ AE T 2 R R SL i 0] /) s 280k 5 5 —J7
ETREARNNENE. Hib, By RiEF
BERK SCHFX 2 D SR HE . SR E
T R S = U N S B A VA2 4 i 3 i B
PR A I BE A 34 B A P 5 A ERTF 50 B i Ok
Ik, 7 PDDL o 5 (9 JE Al L, 78 B0 S duf i 34 &5+
s A AR A BT, AR IE ® < processes”
PRI I SR R U B AR 23 o AR R O, E X
40 proc, I proc, MIAMERIT S, TEZJF
ENAERE SCER Iy, B a1 3 26 S 5 o A ofe 1 485 5l
s A

S T BN SR R AR S ] AR R
XN G AR, TE BV 47 25 1 8] 75 B8 3 Fo B A
TR FR A4 o g Ny B IR AR B 0 AR Ak 5 A B R Y
KER AESNVESCR R IY , SRVFANAT 72 44 Hh AR AL
RFIXRA T WA 1A P HEAE move 194544 I
PUR I PDDL"™ " 480 Bl 4 P 1 /% 14 45 1
BERY (BE] 45 A move (19 25053 5 90 7€ S b il K
B J5, W13 B S 4F movey, ) o 1EIE 1, i ]
(= ?duration procl ) i i # A 1 45 & I 8] thy 51 F8
d & procl 115 ; i ( decrease energy proc2) i iR
BEUR AR i energy [ B AR B M proc2 AT, Y
SRR AKX 2 Tl 45 1 U RE 08 4 3k JH Al % YR A8 o
AP R A B E R

B Bl ok i (AR5 A8 it 5 A AR 3 5 A A i
Fig. 1  Description of mappings from action durations and

resource variables to external computation procedures

iz AR 2R H PDDL JEA 33 9 R i
 PDDL"™™" Be X« F f5 7 MK AL A 19 T Ry
BUFN £ 457 T 6 B 5 — B AL 5 R AT A
A7 0B 0 55 0 R R SR ROE S AR
P 5 A — I R R T S4B S A Domain,
pddl, BLARAT 55 Bt v Je it 6F 42 5] w1 b ik S 5 H
P A4 3R — L JE LK AT 55 SCF Problem. pddl,
MU Z GE AIX 2 A S0P i A T iR AT ) A
it

3 KPR/ BITARMKITTIE

b S AR SCHRE A B 1] A TPV T
F B A i A S 4 2 (greedy best-first search) '
MEZE R MR B0 . A SCRE R EEAFAE T AR
BRI R 5N A R E L IR R
AR KRR 51 SR XA A B AT S R
o MR R — A Open RidFMHFY R
S A Closed RICkE &Y BT A, 18
JH Closed 3% AT By 1k 5 vk R4 2R 25 [] 47 75 35 1M
A TG FRAE B, DA 3R A B8 2 AR A BR BT B AR O
TERT o

H T AR S0 B B K i) R K B [ A B A
BT AR A T RN AU IE % S 1 AR
T EL V32 53 24 /I 0] A5 A5 o 1 R R 45 A 5
SCHRC 18 JAHTAE] , ARG T 15 5 n SHNJTH (¢, P,
M, H,E,pl) ¢ 75 5 n X5 A IF 20 CIF )R , P
O SR A5 A AR AR I L R A i I R, RN RS
FCpoat) Ve <f , MOIC SR AL AR 8 76 2 /I 21 0
B HUE  H id %k 8 & PAT S E R Rr 2 5608 E il
SRR KA R pl iC 5 TR T SR S
n BT EhERF S . 5 3CHk [ 18-19 ] 45 26, %
SE B RN ) 5 22 () A AE — BN TR B A o AR S
A L) 30k SR ] 3R Y s A, B S AR A R Al 1)
W AR R S 1 W0 46 5 5, SR 3 A 2% AR W
PR R, Bk ERRARmE 2 pos, K
A n. pl RFR T 0 19 pl TR, HMITERD
FREAMIE

AP AR R A B b R VR T R A T
mion BRI EESE App (n) o BIEK B 1k
EAPREADNE o, FIWE AT ELET A n iR
FRE B (BRAT) , I A W o BB AR S @ 10
FRELINFA] | B 32 AU AT ROR o W o AIRREEnT
) J2 2 25 1, th A3k #2 proe THEE, WA AR 48
Tl n BB e o, P8 proe (n. 1) W] R A
a [ FF 22 8] o UAR [E] iy 5 =0, ) 2k By o B
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B2 TP Rk T A AR
Fig.2 Main procedure of TP""*"" planning algorithm

A v fE n.ot BEZHUE . 7 LBRSIME « M3
k2 U5 TR A I 25 S A 7R £ 3 ST S it 3
VEf I 25 Rt 5, A4 295 /il n 19 575

& 2 (R 8Rk  E A Y, ELXE A B 2 TR) R 5
Fe o SVE M IE AR MR T 2 S T AR IE : DFE T
PR i R v N S R B A R i T @2
PR AP A AR S B WU vh S i 2 OB
TEH I, B & E E B Open A
Closed FALHIPRIE , Open RAEGE T AT B
FURR 5 R, T 2 AN A it e P19 A 5
o A5 50 12 7 B0 I TGk K SR I RE B A AR T
Ko Closed FRiC ¢ A O Y7 5, ki fR B 7Y
M ZWEZY R, BT 1k Bk AR A
T B R I

A SCRLR B ) FEE AR ATE TR KR h 1Y
Bt Z R B B S B AR A bR R PR, R
h:2° >R (1)
KPS LIRS R ES .

XTI R R AT 5 n, 0 LT 0 XY
s, =1{(p,T) 1 {p,ty e n.P,t € R} U

{{v,d) | {v,d) € n. M} (2)
BY s, B8 770 48 n LT A fiw 200 AR & A RT A 500
AR 1 HUE

N A RAE IR s i HARIE B T 3
BR[O ] b SO IS K R BCR ™ o R B IR s

19 AR 5 SO0 s 5 FRSE G iR FLT g 9
B 0 (R BOR, 00
ANOED WA (3)

KA s 50 H AR g W E S 3 N
TE Lo

1) #ges,
L™ (gl s) =0 (4)

2) % ¢ R B E AR g e s,
™ (gl s) =min, ., (8(r) +

ZZ,hlp('c(W ™ (s'r,y))) (5)

3) g MHEMEHAEH g¢s, N
ht}w(g| s) =minrepmm(“) (6(r) +

N ATyl e (s ry) ) (6)

yeZ,

AU - S R 2 T R
5 ssupp (@) NAREES I a A g (LI 4E 5 ™ (57,
roy) AAERIRAS s B HTRLI o S B A y SR
TFHAIRE s BB s prom (g,s) FARE s A
A B2 (promising) P H bR g AR,

PR " 1A BB XS Landmark 1) 43 A
FAR R AT B A B AR B R A
FH T DAY 2491 158 B U ek B B

AT AT 2 A5 L AL SRR 2 R
Tl BbR TR L AR AT R S A WA, WA f
2 i :p, (HfEm T 20) ,Pz:<fﬁ:'|: l] ), R
TR 2 30, A4S S HTHLRE S 10, PO B i 1A
ANRETE [, ol HBETE [, st . Bbab, AN L, B33
L AR R 10, B 7 0] B S AR oy 105 FEHL Y
Rtk 50,

SRR Landmark 23 4 A 1] 58 AR 15
py Flpy R TCOCHY, UM S FR S SE B p, B9 AL
J3 10 +50( M\ 1, B shF] 1, A 10, 5E = 4R
OB 50) S5 — A4 p, AN O AR
P iss, R ™ BYME S S HREHE, U&7
pa) s RIS Y, 58 i H AR 59 S AR 60 +0 +
30 =90, Horbii )2 WA PuATHT$2 p, BALH 2 60,
e WA 895 — AT p, AR 2 0, WA
AIPAT A 2 30,

21k ] Landmark 53 87 £ R J5 , 1453t Ay & p,
A p, K, FEW LY b, py BOZTE p, Z BT
S H py B9S2 A TSN IR DL p, B SEBAR
Bt as R ot & . Wil 715 p, B9S2 AR
B 60 Z )5, BREL " RE T BB AL AR S S p, T
WAL E SRS T 1, WITTETHSE p, 952 AN 1
b RN L, B ahE] 1, & FREARMN 10, 2,15
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HEY RIS A9 H AR E O (60 +10) +30 =100,
XA PEBS A THE S PR LT Z AT A A5 (R 90,

4 MASSH

TE5 B AT 7 H i A e A7 9 BT 55, K
AL A T A5 A RR O A A A B
A R BEAR 0 451 57 9 4, A6 45T A L ] AT
s TR 4 B B s i TARRE S ki
AR R T AR S AT 55 i L R 4 AL
FEFASI R B HAT LR 4 BB iy 4 A U7
S BN, fEAE A K B R E AR IR PAT
AR M am S o e A o S B
AR g 45 32 A7 A 3OGF L A9 A DA A 8 R AR SR
T PDDL™ " 535 JEA T4 34

AR 0 A 55 FL K i 72 B — BEI 1E] P9 (L
KRB AL 45 57 A& 90 4 A7 5 S i ) | H
PRALE A T DEM AR 75 oK, 78 1 2 L A%
Bl P BE 20 3R 3l 15 200K BE IR 29 A AR A
LY L I H BT, ML A5 45RO SRS AL
T AR TS, AR HAR N A A4
WL, 2 8L A% 5 b T 18 4R AF R TR S A
YR LY T TS R R A AT I AR D
RTS8 A0 g 1 g R A AL B K O
2 00 5 I B R B O 9 L 0 3t ) A A ) SR A
QREMHLA A, NI AP 17, ERHAE 3 PAHE K
A 108 o K BH 3 A M RE B L A A I RE T
GRS DT ER il b BUP N /R
ARG BE B RS AR S 25 R BH R EE AR K PH 3 £
JEE R PH 3 20 P54 155 0 A5 AT O o I L A FEBE HCER T
WAL 9 TARBE MRS S a2 . 3 R T L A
W uke T R P B M SE LA R 7 X AF . OIRIE
H, TR R A A — o R P A RS
K BH 3 A B2 R0 AR AR, 5 Of 45 PR J0 2 R B
LR A A U R Y A ol e AR I B R
i AR E AT, @ TR, 2=
6 WL R AT D TR 260 R % 00 s a0 200 2 T 114 T
PR, A0 B B B8 S B Bk R DA
FER A H RO A B AR AT 7 A —
E LIRS A A8 5 2 ] Y e J o 7 T AR R E
W @TAERE S L, AR IKAE h TH A S e
77 BRI 3 B B 29 R R Ao AR 18 dh Y 3L, il
MR 7 2l o v TG ik B o — S A B
TSk, T 325 9 M i — 34 ) AP 4

BIR 5 e, S 43 40 A 21 58 1R R R R R
XA AT R A B AR AR, A 4
Hh A A DT %, B« O 2l 415 T £ A sl VR CR

o H L B 1R 22 T Y 38 OG R R A% T2 B OE R
)fd JH 2 IF fiph e S =7 AR A TS AN 52 100 R 85 42 1 1
AR BT AR AL, A5 AT P 2 AR Dl
PSR I B S AT O 5 A M R Gk
NG EUR P

S B AL A AE 55 19 B 3l AR fige , 41 20 7R
HE C++ S T ASCRY AL Ik B R T H
HLAS H SR 55 LR R GE . 1% R G LUK R as R A A
B34 SCAF Domain. pdd] 124 Jif 4T 55 79 18 3 SCHF
Problem. pddl Jyfir A {5 &, 7154 B X3k 1
AN . R R R AT R A T R A b
UANSIE, H 4 SR 4L sl 5 55 T U6 i %1 3)
VEZ PR SR 2E 4G, IR i B 26 1 A3 R
EnterTrackAction xsq, H A, xsq S & #1 #5 09 BF 35
455  EnterTrackAction Sy ik A IR 57 9K B A8 HE 45 1
A i BRI A $5 75, J8HH 4% 0L 78 AH X I ] 5
26539 s $0AT , AT AYFFEEMF K 1320 s,

x1 EXAWESHIAYE

Table 1 Plan of a mission planning task

B JTIR Iz R TR FRenf /s

001 26539 ( EnterTrackAction xsq) 1320
( WorkAction xsq spot0 init MO_

002 27859 MS_GZ) 10290
( MoveAction xsq spol0 MO_MS_

003 38149 GZ M1_MS_YDMZ) 270

004 38419 (MoveEffect xsq spot0 spotl ) 0
( WorkAction xsq spotl M1_MS_

005 38419 YDMZ M2_MS_GZ) 10290
(MoveAction xsq spotl M2_MS_

006 48709 GZ M3_MS_YDMZ) 270

007 48979 ( MoveEffect xsq spotl spot2) 0
( WorkAction xsq spot2 M3_MS_

008 48979 YDMZ M4_MS_GZ) 10290
(MoveAction xsq spot2 M4_MS_

009 59269 GZ M5_MS_YDMZ) 270

010 59539 ( MoveEffect xsq spot2 spot3) 0
{ WorkAction xsq spot3 M5_MS_

011 671460 YDMZ M6_MS_GZ) 10290

027 776 383 { MoveAction xsq spot7 M14_MS_ 270

GZ M15_MS_YDMZ)

T2 BRSPS S R, A s E 55 MR &
G T RSP AR B PR P A . A AR B
14 77 15, LA $58 4 42 1 o0 9 2% 20 28 0 ) AT AR
36 o S, E 5 5 B RS S B AR B T AR
BRI 55 o 75 HLI 28 58 JR T SR A AT 55 ), %)
IO 9 LSl gk LA T 1) T B 5 X 4% R G AR 1
WRYEIZ I, 7> R GEBE A 5 i (IRZ) 6 H
B, FF TSR B B (AR ) 45 i BRI, Bl A ThAT 4%
A AL o DR, 2% 0 2 40 1 Bl T AR £ 22
AT [ SE 55 I R G . AN TG T 1 %
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B = E RS s R EE R H
S T TP BB SR IAE S5 o AE K25 B8 sh R DU
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WA EZER AR,

1) S0 B 1 Sl 5 22 s 1] 2l 25 1 A sl A 250 2R
AR

2) SR LABIAE 0 B A 1 B 4] JELARL, A XoF
PE R TP R A e S R R n) AR R & T
PDDL i 7 19 & PDDL"™"",

3) D BARE S MR N HEARES , &1t
T E A MR TE S o B R R A R K eR R
b, 85 A T LRI Landmark 2544 #0380, X
AR H bR 5 B S BT A XA B A T, S B
SR D ROR AR HE T B ARAIE

AR SOV S B 0] 3R G A R 2 4 T I R
R B TR AE R, & S R G IR A A 3
RIREE T H ik, “ E RS0 A B TS5
AN ARA T3 38T v B O b A R ARSI 5
LI NI, kb B 2 0 R S A i R A 55 At
TR AR T B AR R R,
HER TR RO R L H BRI R 2 R I A5 A R
BN B IRe 2 hE BB R TG A2 HNE
R EE X ROk 2R 55 1T 2 HARE LA R
Fr4a R A, 5 AT 55 00 A0) A0 56 I -4k 45 T 1T Y
B A SR H AR LLIS B P4 55w R R B
1155 R SR AR AR A 2 i AT R S S8 0 T e T
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Abstract: To enable the “Jade Rabbit” rover to plan fast in a dynamic work environment on the lunar
surface, an activity planning model called temporal planning with dynamic duration and dynamic effect
(TP""*"") was developed based on the automated planning technology of artificial intelligence. This model ex-
tends temporal planning to incorporate external computing procedures and to support durations of actions to be

DD&DE . . . . el
7", an extension of the planning domain definition lan-

determined dynamically. To describe tasks of TP
guage (PDDL) , called PDDL"™"" | was designed. A planning system that is based on the heuristic state space
search framework was developed to solve the planning problem. By utilizing the “proposition Landmarks analy-
sis” technique, we designed a heuristic function that accounts for reasonable orderings of actions’ precondi-
tions and is capable of getting better goal distance estimates for states. With the successful completion of
Chang’ E-3 mission, the proposed method played a key role in supporting the “Jade Rabbit” rover to fulfill its

exploration tasks on the moon.
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An improved interpolation method for hybrid overset grid and its application
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Abstract: For overset grid, reasonable interpolation between grids is one of the bases to ensure correct
calculation of flow fields. In this paper, a new interpolation method for hybrid overset grid is presented, which
focuses on the elimination of interpolation error coming from the grids mismatch at the intergrid boundary.
With the combination of second order accuracy interpolation and proper selection and expansion of interpolation
template by grid size, the interpolating accuracy of the cases with poor overset grids matching is improved. The
presented method is suitable for arbitrary polyhedral grid and easy to be implemented. Compared with original
method, numerical tests show that the presented method interpolates flow field variables with less dissipation
when bad grids matching happened at the intergrid boundary, the variable contour at the intergrid boundary is
smoother, and computational results agree more with the experimental data.
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Fig. 1  Integrated structural design scheme of high-voltage

power supply of electron beam welding machine
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Fig.2  Circuit topology of DC-DC full-bridge converter
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Fig.7 Two kinds of voltage-doubling rectifier circuit topology
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Table 1 Testing data of high-voltage power
supply with load

HUEBCE/KY HUERBY/V R /KV R/ mA

0 0 0 0

5 -0.51 -5.02 12.61
10 -1.01 -10.21 25.42
15 -1.50 -15.12 37.74
20 -1.99 -19.89 49.60
25 -2.51 -25.13 62.49
30 -3.00 -30.02 75.01
35 -3.47 -34.59 86.52
40 -4.01 -40.15 100.39
45 -4.55 -45.22 113.20
50 -5.02 -50.35 126.01
55 -5.53 -55.31 138.32
60 -6.01 -60.31 150. 68

B 11 f% Sk 400 kQ B FR U S A
Fig. 11

Output characteristics of high-voltage power

supply with load 400 kQ
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Design and implementation of a novel high-voltage power supply in
electron beam welding machine
FAN Jikang, QI Bojin", LIU Fangjun, ZHANG Wei, QI Qin, WANG Haitao

(School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract. Traditional high-voltage power supply of electron beam welding machine has complicated cir-
cuit and huge volume. For improving the property of electron beam welding machine, a novel 60 kV/100 mA
high-voltage power supply is developed in this paper. First, the three-phase electric is rectified to 540 V DC
voltage. Then The voltage regulator circuit part adopts a full-bridge direct current converter controlled by pulse
width modulation (PWM) method to regulate the 540 V DC voltage to adjustable 0 —500 V DC voltage. A
full-bridge inverter is used to change the DC voltage to 20 kHz AC voltage. Cascade-connected transformers
and voltage doubling rectifiers are employed in the high voltage circuit part to achieve the 60 kV high-voltage
output. In order to make the high-voltage output more stable, the double closed-loop control system based on
proportion integration differentiation ( PID) is adopted in the control circuit part. A high-voltage testing plat-
form is established to measure the assembled high-voltage power supply and the test results show that the power
supply has stable output voltage and high control accuracy. The ripple factor and stability are all in the 1%
range, which can meet the requirement of electron beam welding machine.

Keywords: electron beam welding; high-voltage power supply; full-bridge inverter; double voltage recti-

fication; double closed-loop control
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Fig.5 Simulation results of lateral-directional static stability evaluation



B2

PR, 45 - ROAUEAL 1) #5258 P& AL AT & M R0 0y BT A 307

B... =arcsin(12.85/65.1) =11.4° < 11.8° (11)

SOIE £ IURE NG E il i A DOV TS
N BB FN B8, ML AL 6 FT7R L B
RE MW f e HP Y BanS. B,
2 5 AR R E I IE R

Y IH T30 T 461 ROBIL A AT 1 R i
E MR

D5 EL2 NG EC 3 505 B0 1 26, 9 hese o
WM, BRI B YR R 150, s
W0 43 5 RO i R RE I IE G R L B
AR 5205 1 2 e KR A N 1 ok 1142, {5
B3 R KBRS A O 15° BT EL 2 i C
RS T W B K A8 07 5 3 i €, h /M

LUAH TR B4 7 3% , 5 B 4 8 | € [0 52% , 7T
15 5 R 3 H YA 4R B R | € | B /N
6 (CE 7)) 505 5 5 4% [ Cp [ 6K 40% , ] 75 & 3
e KA R A F 15° (UL 7) HLO A ik
F 114 [ Cp | Wy BRI AH

DL T B B E /) C, 80| €y | B30 Ll
PEATAL A, T B IT A 4% 44 O AT A 1, 7T
SE C M| Cy BT AT P 8 s o 1 o 30 o
IS A A 6. 30 M £ g 00

(A5 U0 A £ 2, BT R RATSEBR 2R 0 R W,
T AR BT () AT 5T, T RE M AR €,
{2 T KHLE R R Y R AR B |y | IR
98 /IN TG 488 K, BB e ) R AT B O T ORL 4F 9 R A
o W8 FER B0 ROBL A B A B T
AT C R €y R P i X, 58 &
B4

K6 IELLKARLIE

Fig.6 Proportional relationship validation

BTy B

Fig.7 Range determination of C)

8 C,H|C,|MmT i
Fig.8  Feasible region of C,, and | C |

gi b TR 8 py Al AT By #EAT RBL T R,
P AR IR A AV BORR 25T 0 8 A 1) 0 B M 1
T AT PR s EL A A B  AR AR R G
Rl oo, € 3R] A7 B8 v 452 3 5K i 9 1K B, €,
WCRT AT B i e A X, R Al R AL RA R A
CATAN B, ARJE X bR RS AT B IE , AT
HRAE 5 oK AR AT R % 2 DS
4.2 RIEHIAF

AT A 4 B BRAE T Vo B Vi 2 18] 1
PR SLAR AT IR, R B AR AN S AT DR UE T 18] E Y
RISt P30 SRR B SRR KB AT , fly T
R, I EL %) mT R R A B DR E T ROIR S
AT HY W) AG HE V, WOk Vi =258.4 m/s, H)
R AT R B H, I8 000 m, d5 R BT 39. 5 ¢,
S B O e Ak, U B R 3 Y SR R AT BT e BE
10.3°, 75 [a] fE e K AT I B¢ 11 0 BE g 2. 75°, 53
Hb S5 ML B 1) AR E R BT TR, IR B A
RS T AR B A A A, Sy 1 U B &3
IR A RIS 0 38 A A A M S E DT 2, 7 L OB R R
B C 3R 30% , #8535 LA RN 9 Frow o



308 b5 At = it K K

T 2017 4

4k
4

9 R ELAE A B AL 1 1 AR RE P P A 7 EL 4G

Fig.9 Simulation results of lateral-directional static stability evaluation with aileron saturation
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Mathematical simulation and evaluation for lateral-directional static stability
airworthiness compliance of civil aircraft
CHEN Junping, WANG Lixin "

(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract; According to the requirements of airworthiness standards for lateral-directional static stability of
civil aircraft, an assessment method is proposed based on the pilot-aircraft closed-loop mathematical simulation
and calculation. Quantitative assessment criteria are set up considering the requirement of the specific airwor-
thiness clause. Nonlinear aircraft system model and pilot control model are established and synthesized to sim-
ulate the specific flight mission such as steady-state linear sideslip flight. An assessment of airworthiness com-
pliance is made by comparing simulation results with the criteria. By using the method, the airworthiness com-
pliance of a civil aircraft is assessed and the reasonable ranges of the two lateral-directional static stability de-
rivatives are accurately determined. This method can be applied to the preliminary design phase of civil air-
craft and the calculation results offer theoretical references for flight tests.

Keywords: civil transport aircraft; lateral-directional static stability; airworthiness; flight dynamics;

mathematical simulation; pilot control model
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Fig.1 RVE of 8-harness satin weave composite
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Table 1 Geometric parameters of satin

weave composite RVE!!

JIRGE 373 HfH
PA 58 B/ mm 10.40
HA R JE B /mm 0.46
20 £ 11 2T AE R G B/ mm 0.60
22 75 [11) £ 4 R 1 JE / mm 0.20
2 i) £F i SRR AT A2/ mm 0.58

20 o AT, AR AT 5K 8 A7 BROCEEBLRT , 7 42
— R I 1 AN BE A R0t B LR 2 1Y 52 21 A

AR SCHIF TR G T e/ B A BRL, Herp T300
£ 40 A0 G LB B 5 A 1 b R R o i % 370 A
K APTR .

K2 s g Rk /B 526 B4R S [ 1
Fig.2 Satin weave carbon/carbon

composite fastener
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Table 2 Sizes of satin weave carbon/carbon

composite specimen

JUAaf RS K fH
W ZF [a] B/ mm 1.5
BT/ (°) 60
W2 5 B /mm 1.3
JeAF HAR/mm 10

B3 BB S/ Bk S A B RS8R I 5 1) R B
Fig.3 Schematic diagram of processing direction of

satin weave carbon/carbon composite specimen

®3 T300 FhEb S F R
Table 3 Mechanical properties of T300 fiber ™’

TERES %L Mt
Y1) BB £, /GPa 230
1) 4 B, /GPa s
PHEBT IR Gy, /GPa 15
B I vy, 0.2
Bira B PIRLGE G/ GPa 7
BT H v 0.07
A1) P AR EE X/ MPa 2 500

Y1) R 45 5 & X ./ MPa 2 000
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Table 4 Mechanical properties of pure carbon matrix
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Fig.4 Fixture of fastener tensile test
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Table 5 Results of satin weave carbon/carbon

composite single thread fastener tensile test
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Table 6 Effective mechanical properties of carbon cloth
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Table 7 Effective mechanical properties of nut
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Tensile test and numerical simulation for satin weave composite fastener
BIAN Tianya, GUAN Zhidong " , LIU Faqi

(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract. Detailed sizes of threads in the satin weave composite fastener have reached the meso scale. It
is not accurate to simulate the real failure mode if the uniform material is applied to the thread in the process of
numerical simulation. For this problem, the finite element model of the fastener thread is established by stac-
king several layers of simplified satin weave composite meso-structure representative volume elements, which
results in that the model includes essential fiber region and matrix region. Numerical simulation for the tensile
test of thread model is carried out. Based on the failure criterion of each component material, prediction on the
damage force of fastener is achieved. Tensile test for the satin weave carbon/carbon composite single thread
fastener are accomplished. Good agreement between simulated failure mode and real damage mode is observed
and the error of damage forces between the both methods is 5.17% , which verifies the rationality of the finite
element model.

Keywords: carbon/carbon composite; fastener; fabric; finite element method ; failure analysis
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Fig. 1  Principle of helical milling
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JE LA TR A ORE 25 B R 5% M A 7 v B I T Ak
R — AT T AR e T) B
BB HE 25 0T ) BLAROR AR, b A i aE Bl i o AR
(A ot ) 52 M) ) FL AL A2 1 RS /DN T A e P o 5 3
28 R B 1 B DU e R E LA 1 5 AR

TESEBR AN T, 5 5 O\ 7 P R A 4 R

B2 H AT AR A Tk 4 bt e, WA
LAy A S T YT R B S B . B X 3 A
IS 52 PR i s I L 43 it TR
HZ R, B T28n#E 1 s,
W & i T AL E AR 10 mm, #% B E 2
6 mm#t JJ 0 N 2 mm,
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Table 1 Processing parameters of helical milling

MTEH a/(remin™')  n,/(r-min') £/(mm - min~")
3000,5 000,7 000
P , , ,
FEAREE ™ "5 000 11 000 60 10
N B Bl 5 000 30,40,50,60 10
ik 45 R 5 000 30 6,8,10,12,14

2.2 YIHIBERN A E

C/E 5 MR 2% 1) 52 PR KL, 16 [7] — £ 4
D5 1 BB 2 N, AN [6] 5 ) 3 B R O[] {4 AL
FB1 A [7) 7 170 S 88 6 8 SR 82 9 0 A AR TR
A B B w0 X O R e R, AR SR
ZL A FAAGA S s 0 2 U7 0L E

ZLAMAGAUR F G iS4 52 1) H b
F LT A1 8 5 BE & o3 A OF Bk 2D BOoTHF B T
PAFLLHM AR I, IF LA B0 AR 21 S0 56 5 e
B /N H R TR B . a3 R T FLIR 28 w) A=
7= 1) Thermovision A40 B 2T #h $AZ AL, $4 R 0%
0.08 °C , R HFFHI 4 50 He , W HEKG FE £2% o DR I
BanE 2 pron, fEALH B — M B TR m
300 mm ik 22 % 2T AN AR AN, 7 2 W I 10 Ak A i
FEo TEJITBAA B i v, 20 b B TE
E 0 s 0 A5 380 9% 0 3R T UL BE 8 W T L AE
ELHEE ) T A B 3 — B 20, 21 A0 AR AR 2 3
A 2R T i B P 1B N v e (. MR BE Lo T
DX 3 P i 2 ke U5 T R R 43 ) B U I Xk
BF 77 A= (R D EI B, DL K T L I At X887 2 )
I it T 2z A f A . o T JLTED e AR 1 )
H) B F2 Y, AT Bl S BT A 4 v U 1
JEE A5 0 T X3 W B R

2 LT R DR DT v s B
Fig.2  Schematic diagram of cutting temperature

measurement method
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P o 1 0 R R PAHE AR b BE AT A vk
B3 Fros . Bl 52 6 b R RE 3 T LA
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DAL PRI TR - A ) A AR 1 TR AN Y £ Ak
PAZALTT LL3E o 7088 /AL A B8 B0 AR o
CARE BY K AR PR (1 O 2 BRARUE , o T AL
FE N A2 T A A 00 A PR SE PRR B . A
AER IS UG J5 R S LR B8 IR EE 175 °C, fin AR
T 2 h, CRUEHE AR P AL 46 25 SR T R 2
TEARTAE o VL PR AR S S B, (21 4 A5
ASCAGE N ¥k 5 A e G 0 L — B8, 3 3 A ik
B 7 B2 G bR RE R R TRl 0,85

IRV YRAE B IR R AR A 2% R R A
A RE AR AR b, Sk B AR A S 3808 S (E 7 R[]
T EE T B AR P, 2 — 2P 7E AN W) R i Tk
FESEAT TR o BRI 340 4 A Fr o il B 4 51
150,200,225 F1 250 °C , FEAWA 55 7 3 F 2 T4k
55 vh AT A R 0 2 A VL BE 43 A TR, AR E 45 AR
2[R AEAS IR EE TS A X A F 0 A5 ) S PR
B, 21 Ah BRI I R 25 0 B K A
2.6% T A T 50 1 3 ) A R

3 AN PRAARE JT

Fig.3 Calibration method of thermal infrared imager
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Table 2 Results of temperature calibration

PP R/ C 150 175 200 225 250
A e B IR C 153.8 182.1 208.0 233.1 260.4
2T AN G A R/ °C 157.7 182.1 206.8 230.2 254.6

A B LT AR AX
DN IELAR 6 R 25/ %

2.6 0 0.6 1.2 2.2

2.4 RWEEERME

SR FH BN TR A X R BE LT A Y
LHZE, ME 4 iR, ZIBREGELEEN AR
Iz By 38 Ao v AR, 32 A SE B, e K 15000 1/ min,
WUEHLHFE 1.5N - m, FHR1EA B 34 I1 D68, Al
Ui E o 18020 JIHk % e T1 H . HA R sh Bl A
Tl 7R SR B B Bl O LA A i ALK Bl e e, e
JLE 0 ~90 r/min, B3 800 W, H, 3= il i 4 — X
i oL 25 067 T 5 T 20 6 e Sl N, e Y 2 1 O
B Z A ARG A, RO AT 2028 3 el S A ez
(] 1 i O B g /o BB 5 Y L O ~ 6 mm, A
MO B 1 22 1) A A ) JIiR H AL DA K 3 H A= AR
XF G By, Ao B A 8 Y T AR e A o E B S B

2R BEFL BT [ E BB B & L, 8 B
-5 o HARE Z s s AR S Tk g iz Bl
JEHE 0 ~1000 mm/min,

E DA R o J I DAR T iR g WA NPA SN C
6 mm, ff i HRC 65, Jin T.iXA b Z m i )= C/E
EAAFRE RS mm, Hoh i 21 4k 5 T300, fir
IR 60% +5% I TiX g AE T V) H| 55~
HEAT SR L W A 85 W B DDA

K4 IEHEBETL T
Fig.4 Helical milling unit
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5000 v/minfif, YIEI R (T) B THECR; B 5 5 3
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5 VR T TR A K 2 PR X U IR BEE ) 5 )
Fig.5 Effect of spindle speed, orbital speed and

feed speed on cutting temperature
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Fig.6 Undeformed chip
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Fig.7 Undeformed chip area under different

spindle speeds, orbital speeds and feed speeds
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Chip shape and cutting temperature of helical milling of C/E composites
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(Key Laboratory for Precision and Non-traditional Machining Technology of Ministry of Education
Dalian University of Technology, Dalian 116024, China)

Abstract. Carbon/epoxy (C/E) composites are widely used in manufacture of aircraft structural compo-
nents because of its excellent properties. It is easy to delaminate and tear when processing C/E composites,
and the high cutting temperature is the main cause of defects. As a new hole-machining method, helical mill-
ing attracted plenty of attention owning to its advantages in processing C/E composites compared with tradition-
al drilling. The helical milling experiments were performed with specially designed helical milling equipment
on C/E composite. A thermal infrared imager is used to measure the cutting temperature after precision cali-
bration using a thermocouple in a constant temperature oven. The effects of the processing parameters on the
cutting temperature are analyzed. According to the kinematic principle of helical milling and the cutting princi-
ple, the origin and influence factor of temperature are analyzed based on the shape and size of the undeformed
chip. The results are helpful in understanding the machining mechanism of helical milling, and determining
the reasonable processing parameters of helical milling.
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Table 2 Correlation analysis results of performance indicators
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Table 3 Paired comparison results of performance at four levels
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Influence of loss of three-dimensional information on manipulator
teleoperation mission
TANG Weicai' , CHEN Shanguang'®>*" , XIAO Yi', JIANG Guohua', TIAN Zhiqiang'

(1. National Key Laboratory of Human Factors Engineering, China Astronaut Research and Training Center, Beijing 100094 , China;
2. China Manned Space Agency, Beijing 100720, China)

Abstract: As the main information channel via that human cognitive environment, visual information
plays an extremely important role in the space teleoperation mission. Aimed at the future station robotics teleo-
peration mission, twenty four subjects were recruited to finish the simulation task, so as to investigate the
effect of different extent of three-dimensional information loss on human performance, mental workload, dis-
tance perception and situation awareness, and to study the role of spatial information in teleoperation. The re-
sults show that the local stereo information plays an important role in improving the completion rate and reduc-
ing collision of the teleoperation mission; the global spatial information are more advantageous to reduce redun-
dant flying distance and the times of limit operation; both the two kinds of information have a significant influ-
ence on reducing mental load level, but have few effect on distance estimation error and situation awareness
level. Therefore, it is important to select the suitable stereo information compensation type according to the
tasks and to optimize the stereo information display with various methods for completing teleoperation task
smoothly.
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[ 137 3 Fe R, HEHT 3 NN g 2 A< B 1 2R B D
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RS A, BVl N 56 3 2R 02 R AR IE T
72 A B B Al e R A DR A A R K R AT
NN
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( T 8t)2L<) axl ()

oM (x,0) R AEFITE « B0 B 5w S IE
YU R BGR BN ER 6 WEIERE,

SR A 230705 L 1 0 5 8 T A T b i
d’ w(x 1) M(x,z)

S, HTBERE AR o,
wﬁﬁﬁkmﬁmwmw=Hthoﬁﬂ%ﬁ
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R, A 285 i 1) e S il v oA
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B2 45T 2 A 7 %) 4 5E
SN R 1B N A I

P PR 2 WL S AR IR BN, A 5 [ S 4
22 4 1025 2 o A 25 R R T B A, o i A R T
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B DR 7 VR T 0P R A A A A A AR M
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A T R |
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W) 7 4 1] 3 T 7S o

Pl 3 2 W1 Tk i 9 3 A7 75 1, A8 (X 52 )
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Table 1 System parameter setting

2 Bl

BEJEL/m 0.004

éﬁﬂ\uﬁ/m 0.05
B MR i/ GPa 201
%iﬁ‘il‘ﬂ]ﬁ!ﬁ/m 2

EHEE/ (kg m ) 7985
EHIAR 0.3
PR/ (m - s™h) 3
PR/ (kg - m ) 890

B2 2 A SR 208 0 LA S R R K ) 43 A

Fig.2 Displacement, bend moment and maximum stress

distribution of pipe at two typical moments

P 3 i AR AR T b A R g i

Fig.3 Maximum stress response of stress sensitive section

2.2 LI
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S, 1558 PR 2h 5 PR Sh Al 250 He iR
0.5 mm, B4 R4 R ORFERIBE R 4.4 ms, 15 5
07 3 B R A T 3 0 AR S S
FIER

-8 i) ON N G NVR SI P S
ALK SRR R o = Ee B 45 1 Ry 28 e

SN Ty, PR R S E BB E AT R L, 25 R
WK 6 Fas .,

Pl 6 3 BH S 56 A5 3 1 2 7 5 3k 1Y) S 96 1 ) 48
G B R i &8 & KBOH ), 05 1 E iR
B I KA A 69. 73 MPa, 5 /ME M 31. 61 MPa,
N1 E A R 19. 56 MPa, 52 5 45 5L v ik i o
I }63.95 MPa, % 24 -2 {4 K 29. 83 MPa, I 5
R AE V- 34 2 18. 25 MPa, — 3 AH X I 1) 152 22 43
Wk 8.29% 5.63% F1 6. 70% , #1525 T 45 fi
(158 22 Y B A PN, 360 1 4 7 A4 i TR S L A 1)
SRR 35 T BB AR DL R iz FH S RO R
ETE R 1 IE R R 22 R R 2 — 2 B AR
WA 2 FE B AN BELJE LA K il 1i 55 1) g 45 Xof 45 308
JIBY S, T 5 A5 %08 56 5 M Galerkin 7 75 5
BOIE U BT AR B AR R 25, R A TR
B SR 4 A0 A B AT B PR TR AR 2

I—JHVRIF G 2—A8 455 3,13, 17— S n) R ; 4— VRS 5 5, 12— ML R4 I I8 5 6— 4 til {8 5 7, 15— W 48t 1] 1 5 8— Y B 1) IR 5
9—F MR AL 5 10— PE s 11— IMBOREEL ; 14— U REUUE IR ; 16— U i ; 18— RE AL 5 19— Uk %o
4 S0 R G0 IR B K]

Fig.4 Hydraulic schematic diagram of experimental system

KOs AR i 2

Fig.5 Strain test results

6 I 305 E i 2k e 5 S0 4G R SR ER T L
Fig.6 Local contrast chart of stress simulation

curves and experimental results
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3 EEHIRGHIRIT A IER LB M A

TN AW EEEH NN o, <[o],H
oo, R B I R RN Y, R I VRN ) AR A
#E ASME B31.1b—2009"°" 20 24041 kA5 i 5 K
A672 1) TG 4% W45 7 AR 8 i 20 ~ 100°C 1 19 45 K
VPRI ) o, =120. 67 MPa, 445 18 & K N 78 i
AR F RV TR g, 8 3 AR B & AR 95 IR, TR
b AT IR A I B A A5 3 Ak T TAR RO AS
3.1 HEMAREHIEIT A%

Sk A3 AT IR Bl 2 BORT W T T I D 1 5
i B HAE IR IR AE 43 50 0.5 .1.0 A1 2.0 mm F
R SRR AE 10 ~ 100 Hz' ™7 Py 485 BE f5 KR 7 9 2%
FERLAE 3B 25 R 7 s

P 7 W], B2 BE R IR Sh A0 R A 1 K, A I
1 518K 5 /N, 78 2 60 Hz B, B A R A7 R4 i
LR IR BN o [ — R, JE Al PR e o, 4
SEN AR N

D A5 RN 7 AS 8 3k 8 FH L g Sk ) 9 5 A,
FEA A B 0 TR 4 38 6 45 % 0 ~ 720 Hz | g (A
0 ~5 mmys B P4 19 1 R BOIR A, 45 SR an &1 8 fiF
NSRS RN VA b e U N B DA R
BRI, E AT, S [ K B A T AR A ] i Al
IR 30 BB P 1 28 300 X S A B 35 25 5, 6 TR
SEPR SIS T WA 18 , A PRk B T8 [ S K ik
i A5 0 RE e A S R 7k KT R Ak 2 R A /N
R, A8 2 00X 3 I 2 K U N i v A RS g, D
FE R A IR PR BT T 487 18 [ 52 [R) BE S B

PRI, #4808 R T B 56 75 545 I BT Ak i) T
VEIREE , 1 2 HC L At 4% sl 450 % i (31 [, i3 5k
WG H A 250 S8, (A b TR TE
AR, AT & 9 Frs .

7 B N g T A it I sl A3 A A AL
Fig.7 Change rules of maximum stress with

foundation vibration frequency

8 [R5 ) BT I R R R ]
Fig.8 Area chart of pipe failure under

different support spans

K9 SRIRBIIEE T PUIRE M i A2 K
Fig.9 Design flow chart of anti-vibration structure

in strong vibration environment

Ak T IR S R BT R A IE O R IE A T8 B )
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DA 5 R A 4 i A P ) 505 S e AL, D AN [R] 52
SR 0] T A7 T e RN AL, AR AR e SRR g B S
A A9 BRI S 2004 W R S A% [ B T AR 4 A
il 1R 80 431 3 9 /N AR 2 BRI Bl A B B 3 Y 5
FETV I, SR i D7 LA [R] 991 4 R (EL T A8 T8 8L A7, A
Wy 1L 75 R B2 1) S ik 4 30 3 B P9 A N T R R 2 Ak
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TFIEH TAE X, QS B0/ FAd T 2R X 3
DUJSE Y 8 A5 T N AR RS, PR AT R i A, an
T BRI PRl Ak T e R X R, ) E g 4K I S 4 ]
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A 2R A0 X I, DO L A S S5 A S, S R T
S 18 B 2 L 25 H S8

ANTF) T AL e 45 38 25 W BT O %, W 4 A ik i
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VPPN
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e TBM #E i WE R GE b O K S E SR
20 m, B3R % 5 & f7 20 MPa, fip K& 160 L/min,
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IR N 3 mm, 07 B KU 1 RE AR I
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BT T T AL B R B BR A S 43 A G o () s
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Bilt 4% 20 430 23 LR {E T 1 2 280 IX 3, 25 48 S 1) v 5
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mE 11 iR,
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2.2 mm i B (BIREH ) N, A /N o X IRATE AR IR
THRBK AR 3.1 WHIIRG M B 07 ik
T A A TR JEE B 1 08 ok S BB AN R B0 L ) A
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5 FL A [R) A0 258 LR (BT 1 1 g 45 Rk 2 X
B, 25 R AN 12 fER

M 12 0] DLAE B, 745 8 B Ab i 50 R 1
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BR BN AN TR T, B TAEIER,
IRB] TR . PR E I 1 AR 40,03 m,

10 A [7) [é] 5 [B] R T 46738 d KR g
Fig. 10 Maximum pipe stress under

different support spans

K 11
Fig. 11

AN R B R 3 S 50T 19 28 380 X 5k
Failure area of different foundation

vibration parameters

P12 R AR S B 2R 28X A

Fig. 12 Failure area chart after inner

diameter’ s optimization
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Design method of anti-vibration structure for TBM hydraulic pipe
NING Haihui', ZHANG Huailiang"**, QU Wei', PENG Huan'

(1. College of Mechanical and Electrical Engineering, Central South University, Changsha 410083, China;

2. State Key Laboratory of High Performance and Complex Manufacturing, Central South University, Changsha 410083, China)

Abstract. Against the problem that strong vibration has effect on the performance of hydraulic pipe during
the working process of tunnel boring machine, the transverse vibration mathematical model of the clamped-
clamped hydraulic pipe under the foundation vibration was built; The methods of Galerkin and equivalent ben-
ding moment were adopted to solve pipe’ s maximum stress, and the correctness of mathematical model was
verified by experiments. The influence rule of foundation vibration parameters on pipe’ s maximum stress was
researched and the normal-failure areas of pipe under different foundation vibration parameters were obtained
on the basis of maximum stress criterion. The anti-vibration structural design method was developed based on
flow-pressure-strong vibration parameters. The results indicate that foundation vibration causes dramatic in-
crease of hydraulic pipe stress and thus leads to its performance failure, and the new design method can effec-
tively improve the performance of pipe under the strong vibration environment.

Keywords : foundation vibration; hydraulic pipe; stress analysis; anti-vibration structure; design method
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An SVR based hybrid modeling method
SUN Zebin', ZHAO Qi', ZHAO Hongbo" * , FENG Wenquan', ZHANG Wenfeng' , YANG Tianshe’

(1. School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. State Key Laboratory of Astronautic Dynamics, Xi’an Satellite Control Center,Xi’ an 710043, China)

Abstract: As computing power increases in recent years, data-driven modeling method receives much at-
tention. Modeling methods to analyze quantitative behavior of systems with single mode have been researched
much. However, most systems have multiple modes which own different continuous behavior and are influ-
enced by continuous state when switching. This paper proposes the empirical probabilistic hybrid automata
model and the qualitative and quantitative hybrid modeling method based on support vector regression (SVR).
First, switching points between modes are recognized via wavelet and then the SVR sub-models are constructed
for each mode. Finally, all sub-models are integrated within D-Markov machine. The example verification re-
sults demonstrate that the proposed method is as stable as traditional SVR model, and much more accurate
than it.

Keywords; hybrid modeling; support vector regression (SVR) ; D-Markov machine; wavelet; data-driv-

en modeling
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AT BE (25 ~50°C ) 1Y FR 2R K 78 WU O 1%
Fig.1 Absorption spectra of urea-water-solution with
different mass fraction (5% -35% ) at 30°C and with
mass fraction of 10% at different temperature (25 —50°C )
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T(”3) =eXp{ - [(AsT + B3)C + (D3T + E3)]L}

(5)



362 b w0 =

NIV NI S 14

2017 4

e B Ny S R R B, MR (3) ~
T (5) B 7 SR A Vs Y00 00 RO ) L B LV R R R R
EANTEATRE A, HOR KT AR B e R JEE
1) SR SR A X EL e R B ) R A G B R e I R
TR, 224 YRR JEE 1 R A X iR 22 A 2% B TR E
e B A R i iR 25 0T B T 20% , R R R IR
e B B, e BE A S A B 2O A, I, AN
A T 6T 2 (3) ~ 3K (5) B4 oKk 17 VA B 1)
T B R

3 Ao AN [ 9 B AN [ I R Y PR 3R K U
WO 3E 25 23 B TR, 25 T TR0 ) U B 2 R
T35 B 2 A BSOAR B 1 X 2 G, R LG R -1
1 FHEZH By R 2 VU0 T SRS TR 1 R R
WS o JE Ak X BCE 89 E 2 o A R B, AR
CVAHL 2 X K4 v, =1420 nm & v, = 1488 nm
v, =1420 nm & v, = 1531 nm 43 51| 3R fife 7 J&F Al
JEEFE B, Y B A S B I R L 2 6 A A R AR
F14) JEE B8 R B %) 1 Al o 0, 2 2H DR R i 1 Uk
JEME 25 8¢ <0.5% ,JEJEAH 2 5% 3L <5 pm, #
T2 5 S PR AR A 22 50K, ) 2 X A 2 A SR A 1
JE RN B 22 X ME . £ 1 K v, =1420 nm,
v, = 1488 nm il v, = 1531 nm 3 3% K FIr i) 1 19 5
PREK W R A LW R A B, D, E,
ORIENS

£1 3NEKEXEM A, B,.D,.E, HIE
Table 1 Values of A;, B,,D, and E, at

three corresponding wavelengths

WK /nm A, B, D, E;
1420 -0.05233 -8.44649 0.04891 10.43074
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Fig.2  Schematic drawing of experimental setup
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Fig.3 Calculated results of film thickness, mass fraction

and temperature for urea-water-solution
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Simultaneous measurement of multi-parameter of liquid film for
urea-water-solution by laser spectroscopy
SHI Jianwei'?, WU Wei'?, YANG Huinan">* | GUO Xiaolong'*®, SU Mingxu'>, CAI Xiaoshu'"

(1. School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China;

2. Shanghai Key Laboratory of Multiphase Flow and Heat Transfer in Power Engineering, Shanghai 200093, China)

Abstract. Quantitative analysis of liquid film temperature, thickness and mass fraction is extremely cruci-
al to the relevant industrial processes, and these parameters are mutually coupled in the study of the mecha-
nism for heat transfer. Temperature, thickness and mass fraction of liquid film, however, can only be deter-
mined individually by conventional measurement techniques. In this paper, a novel measurement method
based on Beer-Lambert law to measure the film temperature, thickness and mass fraction of urea-water-solution
simultaneously was developed by combining three lasers with different wavelengths; 1 420, 1 488 and 1 531
nm. In addition, measurement accuracy of this method was validated by a sample cell with controlled tempera-
ture and 1 mm optical path length. The experimental results reveal that average relative errors of thickness,
temperature and mass fraction of urea-water-solutions measured by the developed method are 0.51% , 2.59%
and 6.32% , respectively.

Keywords: laser spectroscopy; liquid film; thickness; temperature; mass fraction
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Table 1 Inlet parameters

S BRI/ BT
UNEE <3 (Fﬁ%m% L ’AT R BOR/K 8/ MPa

25 kg s ') ok %k
a 2.655 5.5 2.0 1436 0.78
b 2.044 6.5 3.0 1899 2.13

B RS SRS 454

Fig.1 Configurations of combustion chamber, struts and inspection window
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&l 4 Case 1 AN[F] il >4 & LG BE TH £ 7 43 A
Fig.4 Wall pressure distribution of Case 1 with different
upstream equivalence ratios
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Fig. 6 Time history of feature points pressure of Case 2
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Fig.7 Wall pressure distribution of Case 2 with different
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Wall pressure distribution of Case 4 and Case 1 with

different upstream equivalence ratios
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Fig. 14 Transient image of upstream flame ( Az =0.5ms)
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Fig. 16  Wall pressure distribution of Case 6 with

different upstream equivalence ratios
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Fig. 17  Wall pressure distribution of Case 7 with

different upstream equivalence ratios
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Combustion performance investigation of a dual-struts scramjet
JI Pengfei, XU Xu", CHEN Bing, ZHU Shaohua, LIU Gang

(School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: In order to investigate the flame stabilization, combustion state and flame propagation charac-
teristics of scramjet, based on a dual-struts supersonic combustor with staged injections, experiments with con-
tinuously adjusted equivalence ratio were conducted. Experiments with combustor inlet Mach number of 2 and
total temperature of 1436 K were conducted to simulate flight Mach number of 5. 5. The results show that when
injecting fuel is solely from the upstream strut, the extinction equivalence ratio is 0. 19 and it is not affected by
the downstream combustion. When injecting fuel is solely from the downstream strut, the extinction equiva-
lence ratio is 0.46, and the effect of downstream equivalence ratio change on wall pressure would be reduced
by upstream flame, with which the extinction equivalence ratio would be decreased. Transformation between
two combustion states could be realized by adjusting the upstream equivalence ratio, and hysteresis could be
observed in the transformation process. Experiments with combustor inlet Mach number of 3 and total tempera-
ture of 1899 K were conducted to simulate flight Mach number of 6.5. The results show that as the total tem-
perature of incoming flow increases, ignition and stable flame can be realized by fuel injection solely at the up-
stream strut, the upstream flame is lifted, back-pressure capability of the combustor can be strengthened, and
more fuel can be injected into the flow.

Keywords: scramjet; combustion; strut; equivalence ratio; hysteresis
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Fig. 1 Typical structure of C*D sensor

B2 C'D Al R R

Fig.2  Equivalent circuit of C*D sensor

2 HFEZFEFHBR C'D EHKHE

AT E R CUD L A R 3 TR
FLEH R A ) 475 52 3L 0l Ul R A A I ER
e (2 G A8 TE | AR I L IR T Ak AR A

2 Al 5 XT Tl P B o A2 W N A S
o [ (8 11 45 A% H B 1] 4 (a) R, Hi R A
HLZE C, I C, B 32 A% B dn JUART 2 80 e 4 %4 T8 AH
XF v B R, R, (E 32 AR B 1 LA 2 8 L)
LA 0 e A 1 P, S R S, L O AR IR L R A
GHA C, M C, AE I e 5 Ui Y E
53 A5 I A v I A DA S I Y [ B AT JE AL
T 505 5, I AR 5 1O AA 7 25 A% s 1 I
FBE D S LA R o ROk TR ARG R
TR el NG O BN KT A 7N

c, + CZ)
27fC,C,
Arb: OB

(1) T 024 A g% 45 20 BEL BT e 38 O %, BRI
H I 3K 1) BB IO AR R S I R f, T ROR A
=L c, +C, (2)

2@ Al LC,C,

D0 25 Bl A0 3 Sy f, N EEL SR v R R A ) SR
U5 ARG M A A B A PUAH BLHRTH , F K 2 Al
P, R A I [T % ) S BB Z ] R R
Z =R, (3)

FR I TR 41 I 1Y 25 50l B B P 4 (D) B, U35
SRS C, MG, WY W B bR, 15 5 Ak B A Bk
NS 0 P AR b A5 38 Y H A S, A S T AR Y

Z:Rx+j(2frrfl,— (1)

fo

P03 4w A A AR A

Fig.3  Structure of radial two-electrode sensor

P4 A ) P A AR AR SR R0 D

Fig.4 Equivalent circuit of radial two-electrode sensor



B2

AN, BT AL B b AR T COD R R R BT 371

G R 2D A B G B AT A5 30 R 0 3 AR Y A5 AL
L {H

3 fEEER AU

FT T FELAR A A 3K A G R S F A LA R AR T A A
SR AR A B B R W, Sy AR A B A B9 BT
J7 %8, 73 B 2R A COMSOL A5 FR I £ 65475 50 LA K X
PESEER 2 M7 3 X L AT X HE A AT o

P T TS R SR L o e S L R I A
1, DU S I 3 A e 245 v 3 4 R AT 7 ECREADL
PT84 S A% N T 37 307 R K i B2k R T A
CY: [(o(x,y,2) +joe(x,y,2)) -

% Vo(x,y,2)] =0 (x,y,2) €0

%1(967},72) :VO (x’y’z) g Fl (4)

(x,}’,z) =0 (x’y’z) g FZ
(x,7,2)

%ﬁoanzo (x’y’z> g FO

Ko (w,y,2) e(x,y,2) M@ (x,y,2) 50 5 J
PRI 15 8 RE R L P 0 A ) F R 3R A X A F
BRSO s S SR T, SRy 300 F B Y S
B4 B 5 T, 28 7R AG I H AR 14 23 ) 457 5 T, A A4
HMER IR ) 31 5 Q R AL AR B n S AR X
T30 B B 1 BV, R TBOE B AR R
F M TT A5 2% H A 00 R A5 i Dy < Dt R
JIT Kb 1 25 TRI A, B Ry 52 3 38l FiL A7 B L G T R R
JIT Ak B 25 T 5 B 38 Oy 92 L, 45 PN R L R b RE I
W F X 38 5 by 3 2, AR AP SR R B A o 25 <, A
TR BT R ARV LA o A SR S A B AR A 1
SERANE S BRI L o B A 0 S LR
Rk S D A G M s d NG AR
LRI R 45 S 8050 0 K o A AR A I N AR

PRI S AT IRt ok At A 2 8 T 485 4

Fig.5 Basic model cross-section structure of sensor

d=9mm,4 % D =13 mm, B K 50 mm, & BE
AR L B e, =4, 2 S AH XA 15 B0h
g0 = 1o W AR  FLAR R I 4K B X A% IR R U A 8K

SR, RE R T F A A R AR K, R
2 AR 80, AR R AR R B e K R 4 1 T 3
BN, £5 B 5 A D3R 38 S0 I R AR R O
LRAME D By 1.5 f% . BEAELAN A 2R B8 0 R bk
U, SR A1 2 T8 ) 1) 43 0 A% 8 22, T 580 B[]
K A 500 mm 714K () 1F 7 (A4S U AL A1 2
Bio PRAFHUA Fr 98 BE AN, 43 0 ek AR AR Rk A
6 =60°,90°,120°,150°, L4 it 3k R ¢ A% Ja 25 1) Jif
M A, BB N BT S R AR YE FE R 0.01 ~
100 mS/cm , ffj 45 R ANKEL 6 i o

6 HLR R K AR O TR R A I S 2 R el LA
Fig. 6  Simulation equivalent conductivity value between

two electrodes when angle of electrode changes

D7 ELAS R T DL L B3 F AR 7 5 A 3
A s R AR AR, SR S 5Kk AR T 120005,
R AR I O

P T 7 S 0 R 1 B AR BRI rh A B 1 25
A, i — P R TR AR A SE PR DL T B
PE,7E d =9.1 mm D =12. 8 mm [ /K ¥4 HL B
BIE X AR 4 AL R AT X S, SE A D
AR BE ) KCLIE WO T A BT, 2 % i 5 R M
Fh R Al 7 4 A L S 3R A (A 5 - 4T R 2 FE30,
HLS R B 0 ~ 199. 9 mS/em, I & K JiE
5% F.S.)AE , i T RA AL F R Lo Bk
I G D ke RO e S et | NS
N B 5K AR /N T 1200 ), A% g R Bl 5K
AR ST 3 O, (ELBK Ff O 150° I, RRE B
TRET L AERTIAE 4 FlOR [ 5K f B AL AR R, R
e R Bk A Sl 120 i 4 0 80CR fe e o

RN IR ORI NERS N FELE I RDY &N}
W R Bk A i 120038 fin & 150° 0, 0 B 245 1 R
ATHERAEIG N, T2 L ) Bl /s {552 P 52 B
Tk A 150° I A% RS 1Y R0 LE 5K A O 120°



|
i

378 b = =

NIV NI S 14

2017 4

&7 AS[R] AR K AR I AR R e 1 i L Rk
Fig.7  Output characteristics of sensors

with different electrode angles

I £ R A8 REAE , 0 A0 20 Ay LI S ol T R A o
W) T AL 55 B T AR R T A e A AN TR X
FCHEAT 7 AR DS Sy 52 2%, Jr g ) 5 L A
PR GBS JE X £E [N 2K, (45 07 O 45 2R 5 52 I 25
EIEIE L A

P R A5 2R AT R i K HL A R 5K Ay BRI RT3 i
I A A TR AR, B AT A R v A s
FABURE, DU 7 8 5 v AR I A IR 7 45 A K ) f AR
KA o SR H R ok A e K, P R A ] B
ZIN SO PP R AR 3 ek s RO ) i I A I
SR, T B AR I 5 R AR 2R A B R
PR R B 5Kk AR 12008047

4 BESUEXLHER

I3AE S DA RVE AR B KA HLBCES 488
X BT A H AL R AR AT T IS A, S
B BT IS 2 A SR IBGE R WA T ik .
sk AN 120, 3Rl L IR O 12 V. AR R ER R AE
RS AR IS B 58 R AR a3 1 BT o

BeAh  ARGE AL BT SE I Y 4521, nl LU
I AR AR L 3 ARV A B 20 mS/em AR,
R IR 10 RABORE 0 35 AR, DM R B 22 AR e i
Pl C'D A4 Jg25 () Al I 2 1514 0. 01 ~ 10 mS/cm,
ARSCAE PR IE R R A AT R T, 5 Uk S8 iR A E
P KCLIZ VR ok 72 AL 75 R 8 1.0 x 107 ~

®1 ERBRSHRAMME
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Fig.8 Experimental results of conductivity measurement
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Design and optimization of a new type of contactless radial C*D sensor
SONG Yue'?, CHANG Ya'?, JI Haifeng' ", WANG Baoliang'>, HUANG Zhiyao'*, LI Haiqing'*

(1. College of Control Science and Engineering, Zhejiang Universily, Hangzhou 310027, China;
(2. State Key Laboratory of Industrial Control Technology, Zhejiang University, Hangzhou 310027, China)

Abstract; Based on capacitively coupled contactless conductivity detection (C'D) technology, a new
contactless conductivity sensor with radial structure is designed and developed. Series resonance principle is
used to overcome the unfavourable influence of the coupling capacitances by introducing an inductor. Since the
background signal produced by the coupling capacitances can be eliminated, the measurement range of the de-
veloped radial C*D sensor is extended, and the measurement sensitivity is improved. The electrode angle of
the new radial C*D sensor is optimized by the simulation results and experimental results. In order to verify the
effectiveness of the developed sensor, conductivity measurement experiments are carried out in five insulated
pipes with different inner diameters of 5.0, 7.5, 9.1, 10.2 and 12. 0 mm respectively, and the relative error
of conductivity measurement is less than 5% . The experimental results show that the developed contactless
conductivity sensor is feasible and effective.

Keywords: conductivity detection; capacitively coupled contactless conductivity detection (C*D) ; radial

structure ; series resonance; sensor optimization design
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Fig.3 Experimental setup of NFS particle sizing measurement system



384 b 5 At = At K K % 2%

2017 4

P, S50 2 1 52 b o JORE B A7 03K o e o JBORE
HA R p 5 e, R w2 RN, &R 1N
2 FloRLARS B A THE UKL
R1 2HWIREREZ HBARK
Table 1 Two certified polystyrene latex spheres

G5 HA%/ um
GBW (E) 120028 39.2+0.6
GBW (E) 120047 67.3+3.8
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Fig.4 Measurement images in NFS
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F5 392 FLEEBR B9 HUR G IR 43 A
Fig.5 Scattered intensity distribution of

39.2 um latex spheres

B 6 39.2wm P B R A% M %4 1
Fig. 6 Particle size probability distribution of

39.2 pm latex spheres

B 7 39.2 wm Fl67.3 wm FLIEER I & 25 51
Fig.7 Measurement results of 39.2 pm and

67.3 pm latex spheres

F2 HRAERXZHIARKNEME L
Table 2 Comparison between the measurements of

certified polystyrene latex spheres

B RE AR/ wm 4 FL A%/ wm W/ %
39.2+0.6 40.3 1.9 3.8
67.3+3.8 68.7+2.4 4.0

4.2 WESHRRRAR

SEES O 3902 wm A1 67. 3 wm 4% B A L
L 23EATIR A o B 8 iR & W TR A B O s E 4y
A2k o AR B A 0 HO O R (B R T AR B R A
VS WORL AR LW A3 A AN 1B 9 o o I v S o 43 i)
43.3 wm 1 74,1 pm Ak B S0 A, AR T AR
WEAE , R 2250 5 R 10. 5% F110. 1% . 1R B4R, 7
]2 KU 73 A1 3 T ) 158 22 PL LD VS R LR,
BN 2 Rk R IR A B IR A S35 57, ik [H]
R LA™ 5, H 2 0L A TR 2 B AN T
P 1M TG 125 R IE D' 1% T 28 2ok 14 JAE 3R 246 %oF 1) 43 1 o

B8 IR LI R Y T O R 43 A
Fig. 8 Scattered intensity distribution of

mixture latex spheres

P9 IR FLIR R ) RL AR HE 22 43 A
Fig.9 Particle size probability distribution of

mixture latex spheres
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Particle size distribution measurement based on near field scattering
TAN Hao, XU Chuanlong® , ZHANG Biao, WANG Shimin

(Key Laboratory of Energy Thermal Conversion and Control of Ministry of Education, School of Energy and Environment,
Southeast University, Nanjing 210096, China)

Abstract: To solve the problems such as high intensity of transmitted light, stray light interference and
small scattering angle in the traditional low-angle light scattering techniques, a novel near field scattering
(NFS) was adopted to derive the traditional low-angle scattering intensity. A particle size measurement system
based on near filed scattering was proposed and built with the scattering angle up to 40.5°. Heterodyne meth-
od was applied to process the near field speckle images generated by interference between the transmitted and
scattered fields, which is capable of completely removing the stray light. The angular intensity distribution was
determined by fast Fourier transform (FFT) frequency spectral analysis of the heterodyne signal. The particle
size distributions were inversed by Chahine algorithm. Experimental results on measurement of both monodis-
perse and bimodal samples with known diameters which are 39.2 pm and 67.3 um, was presented. For mono-
disperse samples, the measurement error was less than 5% , for bimodal samples, there was two apparent
peaks in 43.3 pm and 74. 1 pm, the error was about 10% .

Keywords; particle size measurement; near filed scattering ( NFS) ; heterodyne speckle; fast Fourier
transform ( FFT) ; Chahine algorithm
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Fig.1 Ultrasonic sensor installation position and

sound pressure intensity detection position
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Fig.2  Sound pressure intensity distribution
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Table 1 Received sound pressure with

different electrode quantities

HLA A 2 R (K75 TR B/ Pa
0 3180
16 2130
30 79

(3 JC AR I B S 3 03 A

Fig.3  Ultrasonic field distribution with no electrode

K6 16 HLL 16 8 A R k45 14
Fig.6  Configuration of 16 electrodes and

16 ultrasonic transducers

2 ERT/UTT 854 %
4 16 H AR HE 3 0 A

Fig.4 Ulirasonic field distribution with 16 electrodes 2.1 BESRPHBGHAKENETLIHE

R B UE S A LR T LA RO R S
PR IG (5 B AS ROS) 22 18] (9 G 3R, 43 ) 8 28
B WL AR O [R] A% RS 25 4 T 4 LS AR
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AN CERe oy i I S Tl AN 3 o
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Table 2 Received sound pressure with different mesh sizes

E5 30 H A A 7 3 0 A

Fig.5 Ultrasonic field distribution with 30 electrodes SRS/ mm Fi i/ Pa
A3 10561.06293
TRk B8 AR b, T 308 P AR 4 IE 5 H A =z TR] Y B A4 10557.267 59
T HL B AN 5T 2 ) 1) ST b k2 B AR R I A/S 10555. 664 34
Wil =5 R 3 A 2 235 il A2 1 A/6 10554.58887
BRI, ETEZ 0 UTT RERIEME L. 2T 0 10554, 58165

U R AR T, 5 R B X A R R e R R A1S 10554.690 08
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Table 3 Boundary voltage with different mesh sizes

SUR NI VAY
g
b T 4k
1 1.004 99 1.00499 1.004 99
2 0.50937 0.50937 0.50937
3 0.32359 0.32359 0.32359
4 0.23778 0.23778 0.23778
5 0.19476 0.19476 0.19476
6 0. 17463 0.17463 0.174 63
7 0.16952 0.16952 0.16952
8 0.17788 0.17788 0.17788
9 0.20252 0.20252 0.20252
10 0.25313 0.25313 0.25313
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Abstract; For the installing structure and optimization of electrodes and ultrasonic transducers in the
dual-modality electrical resistance tomography ( ERT) and ultrasound transmission tomography ( UTT), sen-
sors on the same section of pipeline are proposed to measure the same object at the same time. With numerical
simulation, sensitive field distributions of ERT and UTT inside the pipeline were studied to optimize the range
of complementary information of electrical and ultrasonic field and to get the complementary multi-sensitive in-
formation of the same object in the sensitive field. To reduce the influence of electrodes on ultrasonic field, the
sensitivity and uniformity of ERT and UTT sensitive field were defined. The installing structure and sizes of
electrodes and ultrasonic transducers were optimized by simulations. The installing structure of 16 electrodes
and 16 transducers in dual-modality ERT/UTT, and the optimized sizes of the relative electrode width and the
relative ultrasonic transducer diameter were obtained.
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Vortex flowmeter wake fluctuation characteristics based on
EEMD-Hilbert spectrum
YAO Fengyan', ZHOU Tian"*, SUN Zhigiang"

(1. School of Energy Science and Engineering, Central South University, Changsha 410083, China;

2. School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract. In order to study the wake oscillation characteristics of vortex flowmeter, the ensemble empiri-
cal mode decomposition ( EEMD) -Hilbert spectral method was employed to analyze the wall differential pres-
sure signal of vortex flowmeter using air as the medium, whose volumetric flow rate is in the range 10.58 —
220 m’/h. First, the wall pressure differential signal was decomposed by the EEMD method , obtaining the in-
trinsic mode functions (IMFs) , which were later transformed by the Hilbert transform to acquire the Hilbert
spectrum and the marginal spectrum. Thus the vortex shedding frequency of the wall pressure differential sig-
nals were extracted. The performance of signal denoising and frequency extraction was compared between the
Fourier transform and EEMD-Hilbert spectral method. The results show that the EEMD-Hilbert spectral meth-
od is fully adequate in eliminating the noise imposed on the vortex signals, resulting in the intact wake oscilla-
tion components. In lower flow rate ranges, the EEMD-Hilbert spectral method performs 30% more accurately
in extracting the wake frequency compared to the results of the Fourier transform, thus extending the lower ef-
fective range of the vortex flowmeter. By computing the energy ratio, the reason for the high accuracy of the
EEMD-Hilbert spectral method was uncovered, that is, the EEMD-Hilbert spectral method decreased the sig-
nal to noise ratio. The Hilbert spectrum visually depicts the relationship among time, frequency and energy.

Keywords: vortex flowmeter; wake fluctuation; ensemble empirical mode decomposition ( EEMD ) ;

Hilbert transform; denoising
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m e, i A B URL G RS o Al s N e
LM I A R e B2 1T 3

b
C, =g [ND'dD (4)

2 LBNERS

S5 R T AT SR ORT A S S A e R, AT
LAt 200 ~ 1100 nm 3 B i) 2 22 03 , BE R 4t i
Fa € 1) 5 AN SEE T, IF HAG LB 1 K A 254
D 6 B I A T R S A T ) R A S 2 1 0
AR o A5 T HMGH 23 16 96 1 U2 GZ03P-
4000-UV SEEFLIEAL, I & —Fhilf 3 648 R R L%
CCD #RM &5 HCEF G TE AL, S 1% I 4 5 il 7 200 ~
400 nm, 1] H'E A 0.2 nm FWHM Bt 5% 73 B 5
SCH R, B IR R OAT RO e R 2 B B fE
BEADGER, H RO A A 1R = R AR
0 DX, 368 5 R B D5 — i 4 S S g [l i
Bl 2R s, #  BOG LT, i e 2L i BDOE g AL
s PO AP, Ol 2 A 2 Bk B R AT TE L, AR
Jer NS B CMEE AT 0 R, R A A A BRI B R
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fE3) CCD B3 I, HoJm odi il B 3 A/D §%
e i USB Bodls 26 7% fay 2 7 F 5 Hlad i3 A 47 4 1l
() LabVIEW F2 J7 #4770 H7 Ak 2

WA 2 s BREF K N 2m, HAR N 8 em, PR
I DR O 168 em ff HE B 22 2 AR IR BT IR
Ui, ATl AR D' RE JRU OB F1 . Sy By 1k 28 PR
el NSRRI W, 7R R A O 22 R T R L T
B o 7 I8 BN 28 nT REAE O T BH R 1f B A
B 2 THIE S K JIEE A T 52 W 4% 41 1) 1E K T AT, AASE
TR LA T TR 40 2 O T 10 R B B AT i
AW o J AT ELEE AT X, A R B A BT
T AT AR S TR TITOE 8 2 o
HEF AR EAT AT, T A5 B2 O AT B i
FFR R W BE o R EFR AT 304 A EEAAY, Wl i
JO7EEL T 2 B DN BRI AR E A8 1T

K2 o e a5 H 1A

Fig.2  Schematic of optical probe structure

3 LIEIIF

3.1 SO, #R%E

FIHT 5 A1 22 53 O 1% 30 1 1 A A0M ok B2 I A
R W52 AT 4B T §1%) K B S e A I R 45 OR . th TN
(9 6T A B A 3 PR AN Ta) 00 A5 ) A A A8 T A7
25 . ARG H Tl 7 At 5 AR 5 3
Tk rh A e 2R AN [, T L I A ) TR A 4R T
ANTRY o AR T 7 PR VAT 8 I8 W KRS RE DL B e Wi
RN AR A AR R 22 531) , e 5 T A AR Y
o MBS R 88, AT T SO, KRR bR
iR N g TR S R NEIEVE e 6
A R TR WA T AR AT BT 22 S, R TR SCHE Y
S I E M BT B B A L = ) B
SO, UM S 18 A5 ) e v WS AR T o AR SO A A
i 4 23 SO0 W AR v ST AR, 23 ) B
Ui TR SO, AR e AR Al A SR A
S ) AR o SR I U U AR AR A PR
28 R AR AL (e O B B S 1007 x 10 71 Y
SO, pRUEAMR, SEg ok 2 b FH T SO, i & (1Y
Ji & /1T Bronkhorst F201 &%, EH N 2 L/
min, G E R £0. 1% F. S, A T #5614l A
A BTE EE y B 2 AR Q] DOT-19B, &N

20 L/min, i & &~ K F 10 L/min B 45 51 K5 BE K
+1%F.S. S8 o 72 v SR U i 3 b T 5 R E
L o 38 3 1 9 ik 1 T 0 = SO, R EERRUE TR
200 x 10 ~° DR FL A AR R G TE B , R I
AR T, OG5 I AR 43 B[R] 500 ms, B 10 7%
SR SV (E, 5 30 08 W WS T 3 R .

SEE PR E T T A RIE K SO, #k
25U BE 4y 3 k200 x 107°,150 x 10°°,75 X
10°°, 100 x 10°°,50 x 10 °°,30 x 10°°, 10 x
10 ~°, I ) FH A5 21 1 b o W fic 4, X 4% vk B
SO, AR HEAT T — B i [a] () % 252 W I, e v 45 3]
e LS AN 4 FiR ARG 10 x 107° ~
200 x 10 ~° B By SR R R 22/ F 10% , 1
P4 /N A AR BT R IR 30 x 107° ~ 50 x
10 " He T, W00 45 SR AP AR R R R, R G U
v, B R AT

Xof & BT A B B R T BB AT LA I
HE S SEBRAE 2T, M SEME R AL R 7535 0.999 64,
Ve R A, AT A AR S SO, W BE RN AL

AL FE 25T A 22 43 W IO AU
i b RR A ke 6T A R G
PR A T PR, 25 SO, I TR 0.37 x 10 7°,

3 SR EbREAFIY SO, M S Ak 2 4 2R
Fig.3 SO, absorption cross sections obtained from

laboratory calibration and results

K4 S8 SO, bRl 4

Fig.4 Standard SO, measurement result in laboratory
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3.2 FREBMANEXE

HT T R 55 i 000 R AR 43 A 2 il T DO
TR R A B, P I R TR S A
O HURAR B AR KL 7~ (R OK 2 M k) R A7 R 42
AR 4 TR VR IR R OB AR AR 32 AR T 0 ~
10 pm , [K G S2 56 A0 FHR2 42 7 960 nm A1 2 100 nm
4 s o U 28 AT 0 3, Dl 2 an i S s,
BT PR AR FR 22 IR 1, o Dy, SRR
IR EAE, Dy Ry b i o W £ 45 3 3 B R A2
BHIRELE 10% LI .

[5 SO, bp/ <45 2R
Fig.5 SO, standard gas measurement results
x1 BREFRHMNKLER

Table 1 Test results of standard particles

FRUEE/nm Dy, /nm Dy, 1R 25/ % Dso/nm  Ds iR 25/ %
960 987 2.81 926 3.54
2100 1958 6.76 1932 8.00

3.3 AEAFHFEXFEXZNELE RN

ST R DU A B R RN RN K
R X A B G A S e R R T A R SR AT E
XPCTEAGHAT T KR, G KB 5 B
(B A 22 /T 0. 1 nm, [R I % I 4 0 31 D v 1 5
U0 WP N O S T T 7 B - O = I o ')
SR B4, DA — i 3 ' % (obscuration )
OB =1 — 1/1 A k0 5 i e 3 %) 2 1 46 # , OB
(4 36 Bl B 7€ 0. 05 ~ 0. 50 Z[a], L 0.30 £ 4 K
Ho AXH OBEHLE0.15 ~0.45 i [H, 74
BRI EER . XF T 9 R Ak B, R Ok
tg 4> K Al CaSO,, K AT S o
1.33,CaSO, TS F N 1,57, K 75 X A JH
Prof G B0 W ROk AR KUk BE E AT 4 b
6 A N [R] T 55 36 i v A5 ) 1 T R KR F 1
HAR Dy, B a] &, 37 55 38 78 AR R b 22
Hh St S 28 2 AR 1 R S e 9 R K, T A 4 AR R
DAt JE HL T 0 B 55 e R R DE AL B 25K

6 TR 1,33 F 1. 57 BB Y
RARRFH HAE
Fig. 6 Sauter average droplet size at refractive

index of 1.33 and 1.57

4 PpNE

FET RS R & o AR, A AT T
16 F PRI o 3R 0 JOR AR AR B AR, T BT
R L A BRAE 2THLA AT B R
T ARSI S PR T B T BRSSO
B9 7K P AR L B A M ST R S S 5 A
[, A PRI S 56 50 40 1) o 0 1 L 43 20 min R 45
2R —IRE O R E TR 3 s, K
10 ., K7 &8 4351289 H 26 H R ril 44
[ SO, e F IR Ok AR B vk B . R T
[ 52 50 3ok 72 B 20 min IR — IR E A BRIRIRE
FF2E 10 min, I 5 3] 18] K4 A O b T, S2 56 T 46
fF oL SR A T AR B 7E S10 MW, 15:00 J5 15 min
PN 35 W 5 25 450 MW, 15 .58 171 fif FF 45 ML 450 MW
B F) 16:19 fx m Ab 590 MW, B S5 B AT,
16 .35 5 1 faf Fe 8 7€ 500 MW 247 . SO, il = 45
FIE T AN AR B, SO, Wk BE AR 2, 1 far AR

T SR SO, WE
Fig.7 Experimental measurement of SO,

concentration in flue gas
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R, g B B R, Be b R VR RE Hh SO, Tk, &9
O YR R VA JRE W 45 SR R R T o B AR A
I 25 2R 9 s A7 00 B ) A BE S X
TR UKL ) S BR AR AL

P10 iy i 2 301 (] 0 22 BR 55 v BR 25 e, R T
AR 3 R 221 980 OR. F AR 23 A, R TR F) AL
e FEBIAAE0.5 ~2.0 pm,

P8 B %5 i H YR AURL A AR e B
Fig.8 Droplet particle volume concentration at

outlet of demister

P9 I AURL R B 15 0 0 67

Fig.9 Droplet particle concentration and boiler load

P10 K I 220 Vi OB R A% 2 A
Fig. 10 Droplet particle size distribution at a certain time
5 & i

1) T 22 70 W W't 38 vk A ek ikl T —
B BE TR AR HE L T AR SO, BB UKL B 7R 28

W RS, LRI UL R R LRGN T ik
SEIBRAE SO, Mk T K FURLRE A28 1Y B i i 22 11/ T
10% , th A3 2 R 46 SO, 4RI F A 0.37 x107°,

2) MMZRSGTE Lig ER R RmARA
F] 1000 MW HLZH 134T T 404 (9 R %5 4
TE AR A 5050, 15 3] T SO, K ¥ i R 1) K i
B o 8y HLAE B i £ 5E 1, SO, ¥k BE K W
WURL PR 5 F2E , T el ZUAE Ak SO, R B K Wi At
LR B 2 A8 Ak o 0 B TR) YR R R AR T
SrAFE 0.5 ~2.0 wm, SO, ¥ E/NTF 15 mg/m3 A
A 5 R bR T

3) SEEESRERW X RGER SO, W PURL
eI 25 2R 5 B is AT T SR PR is AT IR A .
FIE 8% 3 IO B8 1 HIE TS0 et SR [R) i g R ik
RS ORI AT A 2R M I
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In-situ optical probe measurement of ultra-low emission reduction flue gas

ZHANG Yanfeng'?, YANG Zhengpeng'?>, CHEN Jun'?", SU Mingxu'?, TAO Leixing’, CAI Xiaoshu'~
(1. School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China;
2. Shanghai Key Laboratory of Mulliphase Flow and Heat Transfer in Power Engineering, Shanghai 200093, China;
3. Shanghai Minghua Power Technology Engineering Co. , Ltd. , Shanghai 200093, China)

Abstract. With the development of ultra-low emission reduction in coal-fired power plant, the require-
ment of monitoring technologies is becoming more and more rigid. A detector probe based on differential optics
absorption spectroscopy ( DOAS) and multi-wavelength extinction method is presented, which can be used to
realize the in-situ measurement of SO, , particulate in flue gas, etc. The system was calibrated with the stand-
ard SO, gas and polystyrene particulate, and both inversion concentrations agree well with real values. The er-
ror is less than 10% , the fitting line of seven SO, measurement points has good linearity, and linear correla-
tion coefficient is 0. 99964. The system was successfully applied to a coal-fired power plant in different operat-
ing conditions for a longer time continuous monitoring. Results show that the system has a good agreement be-
tween system monitoring and working conditions on SO, and particulate in flue gas.

Keywords: in-situ; ultra-low emission reduction; flue gas; optical probe; coal-fired power plant
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122 1% B iR R 4E A ZE 8] 3 B o) A 5
FNE, ZW

(et iz i R K2 HUBE TR & A sh k2% Be, Jb3T 100083)

i B AL FEGREFEAISP) R T LR FM S REE 240K

BB RS — A £ Rk tf B R (MAGA) 5 B 3 i A LR Ok 0% (ASA) 8 B & (8 1t
Hr ATIERERARIHERENAE. 68, FENMRERNER TN T RAEFXA LT
BT AN ECENTRE, EE LR AN ST T FER R T T EAFRAKZIERE
ERMNSEREET HWAR TR EFRAAETLREE, KRB SN ENERE W TAT
M, BR W BEEEMANRBRMS, XA ASA ENBHETFRERAD FHh, KRG, B2

MR E A LR B R T %R AR
X 8 W ELFRBEEASP); SEMRE; BEHE; SERELET; BENBENR

K5 % (ASA)
hE 4y 2 S . TP301.6; F406.2
SERARIRAG . A

22 (B VR B S AR RN T B A, AT S5
Z— AR HEA AL E AR T I
A5 5 R 58 I (8] e J8 o A Ay D 7K 42 T 9 (1) it
4" & , A i 4 18] 3 £ 7] 8 (Job shop Scheduling
Problem, JSP) 1 4 A4~ T {4 o] L AT #5532 1) )7 %
HE,1976 4F Garey 28" JEH] T & & — R & 1k
%75 1. ( Non-deterministic Polynomial, NP) ¥k & ,
X ISP, BB 5 b Ok 2 R TR 5 ik w] 43 O i
107 1 FORE B 7 vk o e rh i AL ¥k DA AR S A 0
AR SR s AR, HoR it R o &
i BB R AR 5 T X T S K v 10 T4
10 HL#5 1 1] f, Applegate 5 Cook ™ R I 1Y 43 3¢
FE TR R AR A SRR B O TR (B R B R
TIEAAKE o 4RV 208 & AR A4k
P TR ISP M A AL L BBLE A
R TR R B e
WAL F LS R MR, Bl TSR

XEHS: 1001-5965(2017)02-0410-07

DAt B R T SR A B S 1] LA NP R
PER AL TR i 25 5 B A R il et o it 5l A 2
B RER P R 36, Zhong S5 R T T g
[] P 1k B £ 49 fig 1A 5t % B 3% ( Multiagent Genetic
Algorithm, MAGA ) , Sivasubramani FI Swarupm: s
ZREBEIRZ DA T REER T, K
HEJE YRR B4 8 42 Jey F R 8 50 fE
AP s SO R B 1 B

XF T 5 A 0 AL A DAk Tn) i, — iR U T AT 1
JH B SRV HE R 1) 2 X T i 5[] 43 A 2R Bl K
AR B ISP, SR F B — 553 1 1E M A4 3 )
AR AR BESE B o s B R 4F 4 )R 18 &K 6k
TR R R I R LML AT B, Gao
SEUT g O WAL Bk 5 7 A B SR A ISP, Xia
T Wu'™ 5z FR TR SRR KRR S T
o BEIR KRR — R iz B R R R
VE AT DA — A R A2 O i S S vk B AT Bk

YRS HE: 2016-01-26; RA B 2016-02-29; F%& HARATIE : 2016-03-07 15:08
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416. LI X T, PENG C. Hybrid multiagent genetic algorithm for job shop scheduling problem [J ]. Journal of Beijing University of
Aeronautics and Astronautics , 2017 , 43 (2 ) : 410- 416 (in Chinese ).
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92 N T 2R R U £ S0 9 1 ) L R 411
Fi i I BE J1, 00 45 S B 4 IR Bk T B oK gt 3) Pl T AT 2 B ik, HAE N T

JIE 3 1) 8 % AT I fige 0 7 A LA o A Y ik
JE AR BB S 300 04 RUOCR S 4, B AE B R AT R B
R A R R H bR & B 7 22 33K 50, Romeo
S R DA St — P R KRG, X ISP
0 R R ST &, i BB ) HL A i ) Y 48
4E 4 J 1 van Laarhoven 257 i iy N2 45 4, BP
AL OB PR AR BT R 2 A AHAR TR R AR
it AWATIE R T A A 5 A R SR D0 e ) A L A
FE ) 2 I8 A0l A B ABE K, S B 45 A o xfE L) -4 3
Bl BlJG, Pous ™ 8§, B 25 e 2 %
SR A YRR 0% 4 B TR ) b BEAR R
FRACHR A 2 A TR b, i 2 1 T B9 AR BT T
FPEl# e T a TR )s Ty 7E SR Bkie b
Balas il Vazacopoulosm-Eﬁt%ﬁtﬂiﬁ%tﬂ T N6 4%
F IZAE A A PR AT G 72 oD B8 B B 2 R AT BBOIK, A
ICREFR R B R = [a) i B RR ) TR 2 e 5l .

A —J7 W EE R ISP NP ORRME, 48
MAGA FHF[a) 3 1) 42 Jey 48 %, B i A7 4% 8 1R WA
ST R REAR (agent) I SCHAH I 14 48 5 #1055
L35 75 D8 O T 1 S TA) R 5 A B 100 52 M s ok
BT TP Y J7 30 G @A agent JE47 g 15, I 15
7B B T T4 AR agent Z (8] 7Y B [7)
AR LLAT 224> 3 N R A Sy — Ty,
HI T 7E 5 4 i T A [R)  G  14 7 37 7T i 25 it
1t O [) — 9] J3E DA K i 25 ) ) R LD A R, & sk
QR I A2 AR o AR AT 23 77 A R TE R 4
VA T B A 75 530 02 B A Jm TR B A, TR I A 4 J) 98
RIG DGO agent WSSl —A> ISP #ETR
WA 1) &, 7E N6 SR IUfi A= AL i A B Al 51 A
B & WA LR k& ¥k ( Adaptive Simulated annea-
ling Algorithm, ASA) #t47 /&AL .

1 JSP W ERE 4= B

JSP & SC.N ASTARAE M S HL4S BT, 535

LE’T/E%%{]L‘ZZI,Q.,',N} \;Mi‘i:1,2,---,M{ ’;H\:

W TS M LS o B TR
SE M T2 IE 4 58 A TAHE T AL A W7 & e
EXF AL g L i T BT = 5 0 [ 9 B A B
R P9 28 B R B 15 ML b TR B4 Y A
AL B9 JT i ), {45 f oK 58 T E) (e AR
C,) TJ I BUE «

1) AN[RAF B8 T 2Z 18) A e 2 0

2) Be—TF— BIF IR TRl A Ge B, & &5
B [ — i 20 HORE N T — > TR, HoBL & A &4
R

g nt A LA H R & —.

HOT ISP BIHIAT 3 Fih : Baker ™ 41 4 1 5 4
HLAERS  Adams 45 4 HY A0 22 0 R S04SR DL R
Balas' ™' 412 tH (7 BB 7 SO 3o 38 48 56 i
T BN Y R AR R AR AR 3R B AR B TR it R
P B A8 R %6 ISP s A, LA3 x 34 ISP Jy 4l
(WLF 1), B X Nz ) TSP i BRI A5 R 40 P 1R 7 o
F VRN T A 236" R TAHF J, EHLE T
G My -M,-M " 143 53] B 5 68 0 T 1) o

F1 3 IT#43MH=5ISP
Table 1 3-job 3-machine job shop scheduling problem

TAF HLER 751 Jonn T b ]
Jy My-M,-M, 2-3-6
J, M,-M;-M, 4-5-2
J5 M,-M,-Mj, 354

Bl sl g al

Fig.1 Disjunctive graph model

10,37 T4 T, M5 kA T)%,0 #1110
J& 2 AR Ty BN TR RO R SR 4 1) R TR
— AN TR T T 5% 3R 5 K 2k BRI BT BCSIR 1 dis 1r)
TP FRER— G ML L T8 T, #lan o, .
0y, O FRIETENLER My LN T 0. —Aal 479 B
TR A 0 2 AT BUOICAR 1) (D AR B HLER L T
PEHER) B — A ARG 2 A 1) B B 5 A 1] IR
S 25 T 55 T B0 0 TR 8] Sk 17 Y 56 B A
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Table 2 Comparison of computational results

Sl osEl B b B 2R

5 HUBE R e Semkle] Scmk(8] Scmk[17]
Fi06 6 %6 55 55 55 55 55
Ft10 10 x 10 930 930 930 930 930
Fr20 20 x5 1165 1165 1165 1165 1165
La01 10 x5 666 666 666 666 666
La02 10 x5 655 655 655 655 655
La03 10 x5 597 597 597 597 597
La04 10 x5 590 590 590 590 590
La05 10 x5 593 593 593 593 593
La06 15 x5 926 926 926 926 926
La07 15 x5 890 890 890 890 890
La08 15 x5 863 863 863 863 863
La09 15 x5 951 951 951 951 951
LalO 15 x5 958 958 958 958 958

Lall 20x5 1222 1222 1222 1222 1222
Lal2 20 x5 1039 1039 1039 1039 1039
Lal3 20 x5 1150 1150 1150 1150 1150
Lal4 20 x5 1292 1292 1292 1292 1292
Lal5 20 x5 1207 1207 1207 1207 1207

Lal6 10 x10 945 945 945 945 945
Lal7 10 x10 784 784 784 784 784
Lal8 10 x10 848 848 848 848 848
Lal9 10 x10 842 842 842 842 842
La20 10 x10 902 902 907 902 902
La2l1 15 x10 1046 1046 1052 1046 1046
La22 15 x10 927 927 930 927 927

La23 15 x10 1032 1032 1032 1032 1032
La24 15 x10 935 938 941 941 940
La25 15x10 977 977 977 977 984
La26 20 x10 1218 1218 1218 1218 1218
La27 20 x10 1235 1235 1246 1239 1261
La28 20 x10 1216 1216 1216 1216 1216
La29 20 x10 1152 1175 1165 1173 1190
La30 20 x10 1355 1355 1355 1355 1355
La31 30 x10 1784 1784 1784 1784 1784
La32 30 x10 1850 1850 1850 1850 1850
La33 30 x10 1719 1719 1719 1719 1719
La34 30 x10 1271 1271 1271 1271 1271
La35 30 x10 1888 1888 1888 1888 1888
La36 15 x15 1268 1285 1279 1278 1281
La37 15 x15 1397 1397 1407 1397 1431
La38 15 x15 1196 1196 1213 1208 1196
La39 15 x15 1233 1240 1244 1233 1241
La40 15 x15 1222 1224 1233 1225 1233
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Hybrid multiagent genetic algorithm for job shop scheduling problem
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Abstract: For the NP-hard characteristic of job shop scheduling problem (JSP) and big valley property
of its solution space, this paper proposes a hybrid algorithm based multiagent genetic algorithm (MAGA) and
adaptive simulated annealing algorithm ( ASA) to obtain the minimal makespan schedule. First, each chromo-
some is regarded as independent agent which is randomly initialized under condition of operation-based enco-
ding method. Combined with multiagent cooperation and competition theory, a neighborhood interaction opera-
tor is designed to realize the interaction between agents, and then a certain number of agents are utilized to do
global searching to find several individuals with high fitness. Second, in order to prevent the algorithm from
falling into local optimum, ASA is adopted to carry out local optimization for each agent. Finally, the effec-
tiveness of the proposed hybrid algorithm is verified by the computational results of typical problems from
benchmark library.
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