#F30% F A
2013 4 8 A

it 5% 0

Mo m
ER B

Chinese Journal of Computational Mechanics

Vol. 30, No. 4
August 2013

ROEER QDS AiEZ

Zpamgt, 42

CREPBR 2B J1AB BT iR A Sl o [ 5 3 5
N T QDS J7 ik Euler REBMERRE SFAUTZATEMT Bt (D ERTHAEE
THRAMEANRDEGHE ARRT WX ERE QDS HEEF I TEM M W& £
B BTSRRI AR () AT FNEENLE R, R B K WA
BHMAB ARAREG T HERE: Q) ARABH MBI # T HE

B E.

BEEHABENE WD T AR FH#AT
TR & BT F E A R IR E KR

,

XERHE.1007-4708(2013)04-0532-06

B #& =\ A H A

= Ah, F A
5%, L5 100190)

EWNEH . F R
REHTHELE =W
TERAER BRI HER TR

KA QDS 77 s Euler 5k fF2 E0 K B i Z I A X5 1H 5303 5 4 R IR &

FESES . 024 XHEFRERG A

1 5 B

Bird"™ %& & ¥} DSMC (Direct Simulation Monte
Carlo) J5 % R H1 TR HH 32 ) Rl 1A i #8 4) r
22 TERAAEL Kn B0 K B 7 v 2l e JBOAS: 1 1 R 1Y)
I, AR T % S DX, i TR A X SR 3 R
DSMC #ATBHACREAR. 1980 4R, Pullin™ X4k
Rilf 88 X 5 22 X3k 1) 1 D B2 SR Y b T 5 A Y
Maxwell ¥ & 701, K& T EPSM (Equilibrium
Particle Simulation Method) 7 ¥ .

IR . A IE S 7E DSMC, iF J& 75 EPSME 1 i,
H L HEAT A Y BEMLIRCRE L 07 HL R T R AR W T
B Rk R E AT 2 E BT X FE T K
BIALET . R, Albright™ 78— A& PN % i b
KL, & T SR i Euler J7 #2119 QDSMC (Quiet
Direct Simulation Monte Carlo) 5, 78 QDSMC
i, 38 F 7E DSMC 1l EPSM A 22 5 32 K i hr
THIBE DL iz 3l & 3 09 2 BE 53 A5 eR A R R
Gauss-Hermite i {B""* BT , 0 i R 0 6 BUIG (.
22 WX A R R, R A T BE AL IBORE S R, N A
il QDSMC 55 A7 AR & ik B AL 33803, i HL
JUT A AT GE 1M

M R Smith" ”%)f‘?ﬁ?i*’] o AR R TR
YRR EE R QDSMC J7 k) 2 B, IF AR 408 7

WFs BHA.2012-04-22; 18 s 0 B H 1 : 2012-08-25.
E£WA . BRKAKIE TR R SR (91016005) 5
[ 2% FARBR 7 5L 4 BT 1 (10621202) BE B L H .

EE B el - (1987, 55 i+ 4
(E-mail: Ixpyfy@163. com).

doi:10. 7511/;s1x201304012

QDSMC 512 i I A Bifi AL HURE 38 — ¢ A 4 107 1%
i ar 4 8 QDS(Quiet Direct Simulation) J5 ¥,
EAETFEERNZE .M R Smith {U7ER F &4 i 72
o, 25 8T AR Y S i R EE L QDS U5 iR R R
B B FEGE T S 2 0 it B AT AR DA PN
LA X RRFEMR T QDS 5712 1Y SK A )2
ARICAE S T3 — s, B 8 T RS T MRS 5 WL i 52
TIIF ROA% B B R R R LT TS O K R A%
o AN CRBCT B TR, BE RS TR

2 HENE

—MEERITEESX
PRUEIEZ 434 NC0, 1), ] DL
5 JE A R BCE S
P =" om (1
ARSI W], 3 i (T

S FH B 0 A1 pRBCR RE AR B0 L IR 4
B Gauss B AT L Hermite i {6 £
AT B

" oo 2, N
J Ce P/ 21) f(da D)) (w,/7) fG/2 q)
. —

2.1
i T T A LA

~

VB R
H R, K
i =Xk 8

2
K w, Ml q; 730 /& Gauss-Hermite 3K F 2 5l X
FA EE T A, N R IEL

—HEREOLT . — B ey QDS J5vE ] DL i T



&4 Fnel, % £ KR QDS ik Z s R K B A 533

SRS
(1) Hi F A . B 8] 20 TF 4, 4 X A% BT
IR ] BT 8 j=1,, ] AR T I &
FN BE 73 0l 2R A
m; = pAxw; /I, v;=u ++/26,q
e, =[(6— O /2]0 (3)
X Ax SRR EH, 0w Ao, 20 52 S BT
Ay R R EE IR T %5, o, = RT. 62 B H
HEEE, Qe lnyF3h B i EER(— 40T,
=1,
(2) 8L A& @ BT B 20k — A B[] 25
K JE # AT BB
ay(xt+ AD = i+ v, At o)
(3) PIA% 2 Wi 48 i - B A% BT @ P Y
wm(fiE m,. I P, BEE E) ¥ 5m,. B4
DRk BTG @ Ak 1 2 W 1 AT AR 4 A s B Y
BT TR m, P o, B <, UEAT S

m; :2 myw,; s P, :Z M, U, W,
p P
=3 mywy (5o + &) (5)
b

FH UG AT DA 550 A BT 0 b Y % R L B LR
FEFNE T 0wy AR 22500 AR B0 76 AH &5 I 4%
HITZ [ ¥ 5] 3 A, AT R T 2

(x,— x))/Axs <2, <
o (i — x)/ Az << x, < 2 )
2.2 “HEEMITEREX

M R Smith"" #& Xk 1 17 E A B, %08 T K

& N B BB AR B GO ZBHE R

myl s, =o — dp/dAx,, ) /x| daw, (D
K Az, AP HIT @ N j AR IR B A%
O I R AR TR e S A RO S T AL Y
7B 2 AR . &R d o/de 7] R #5 MINMOD
BEL o SR A
2.3 ROERBZHER

FEAE G QDS Jr ikt e, R AT A 72 00
GE it KB I BB B 485 7T 1 ) B A A N 1
Ao AT I 1 R, R TMA% i —1 s
WIAE @z El, HEE MRS i —1 DR«
Fe MR RE () IHEE, A% @ AL w, = x,/A xs GE
RS R B 1 rh B R B2 4 I B R A%
B QDS ik m 4R,

SR AHXS T DSMC Jr ¥ v i o >R K &k
THATG 1 . 78 QDS 5 ¥k R R D B R T
B — AR AR T RS AR A T SR sk
T T ) B Y A O A R KRB AR g
FE . PR A A0 I A ] R B . X T it
¥ i bR AE O R TR G 1 s, it
IR XA P ) %85 88 2 2R M 0 A

e=s x+0b (8)
L s AR HIG i 5 i—1 ZEBARNER, IR
JICTE AL BT AE A2 o DA [ 30 6 7 1, DUl A

Al‘*l‘l’l Al‘*l‘pl
m/,:J P(I)dI:J (s x4+ bdx

ARAG by IBANL T &, BLFSr B RIS @ b BT
N

Al’*J’Pl
mpl-:J el dx=w,m, +

A:r*Z.rN

il

1
2

s (Ax— x,) xy

Niﬁﬁﬁimﬁﬁoiﬁ%:m%fwx—

w00 2y FA BT A BT P 0 B BE T A 9 A
GUAERE 1 b AR R R B A,
LT O 5 — A 47 7E 80 T A 48 1 4 1 4
B A6 HE L TG54 2 TR AR,
BT T IR § 5 R i1 o0 2 A 7 B

1+
i =wm, — —s (Ax— x,,) x,,

2
K 5" AMIKEHIC i 5 i+ 1 ZREIBRLE, «, =
xiy — x,. HIEARREI G ZFHE N

Z [ m,w,+ %sf(Ax* Zp) X

m,

<z,
m, = 9

2 [m,w, — %S+(ALE— x,.) T,

<z, < Ty

TE S BRI SR T 3 A 0 A B G ) B R R
W RE G — T ARERBR G RI7E s A ST
T 2 LURE AR BR ) &% . 3l R0 RE B SE T AT LA GE
ERRITIEIA .

.............................

1
B PSR B g R R
Fig. 1 Schematic showing the way to update the grid
properties from the individual particle
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Fig. 2 Shock tube density profile as generated by QDS compared to the Riemann solution
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Tab.1 Results comparison between the first and second order scheme of
QDS method with different Ma number
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Fig. 4 Contours of pressure obtained by second-order QDS
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Fig. 6 Contours of density obtained by second-order QDS for Mach 3. 0 flow over a forward facing step
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A fully improved second order scheme for QDS method and its application

LI Xiao-peng”, CHENG Di, QI Li, LI Long
(State Key Laboratory of High-temperature Gas Dynamics, Institute of Mechanics,
Chinese Academy of Science, Beijing 100190, China)

Abstract: The QDS (Quiet Direct Simulation) method for Euler fluid is introduced. As the most impor-
tant part,the current method extends the previous Euler solver developed by Albright and M. R. Smith
mainly by three aspects: (1) The gradients (density,temperature,velocity) are calculated when updating
the grid properties of mass, momentum and energy from the individual particle at the third step in the
QDS method,hence a fully improved second order scheme. (2) A kind of new process for updating the
grid properties from the individual particle is developed, which cut down the times for the most part to
seek the total particles, thus improving the computing efficiency signally. (3) Several slope limiters are

employed in the second scheme and their performances are tested.

Key words: QDS method; Euler solver;a fully improved second order scheme;computing efficiency;slope

limiters
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Modeling and analyzing of rubber layers for laminated rubber bearings:

cracking mechanism and experiment

CHEN Shi-cai*"*, YAN Wei-ming'?, ZHANG Zhi-gian', CHEN Yan-jiang'"*
(1. Beijing Key Laboratory of Earthquake Engineering and Structural Retrofit,
Beijing University of Technology,Beijing 100124, China;
2. The Key Laboratory of Urban Security and Disaster Engineering , Ministry of Education,
Beijing University of Technology,Beijing 100124, China)

Abstract: In order to investigate the tension performance and failure mechanism of laminated rubber bear-
ings under tensile loading, The developed tension model and the stress and deform expressions developed
for the tensile rubber layer are used to analyze the tension performance,the influence of the shape factor
on the stress distributions and deform rules is discussed especially for the deformed shapers of the free
edges of the rubber layer. Based on the theory results of the model, the theory of cracking energy is ap-
plied to analyze the distributions of cracking energy density and gradient direction. The crack initiation,
crack propagation direction and failure mechanism of the rubber layers are investigated. Finally, the test
on the laminated rubber bearings under tensile loading is carried out and the results show that the crack

energy method is feasible and reasonable for analyzing failure mechanism of the tensile rubber layer.

Key words: Laminated rubber bearing;tension property;cracking energy;failure mechanism



