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Numerical Investigation of Unsteady Interaction between
Rim Seal Flow and Upstream Vane

YANG Fan, ZHOU Li, WANG Zhanxue

(School of Power and Energy, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: To investigate unsteady interaction mechanism between the rim seal flow in turbine stator-rotor cavity and
main flow, detailed unsteady numerical simulations of the flow field and unsteady characteristic of the vane were
conducted under different rim seal mass flow rate. The results show the blockage effect resulting from the egress flow
leads to the pressure to increase and static entropy to reduce on the latter half of suction side near the hub. From the
case without a cavity to R,=1.7%, at 5% span, the maximum pressure coefficient increase on the suction side rea-
ches 6%. Moreover, the blockage effect causes the velocity to decrease at vane exit. Furthermore, the rim seal flow
results in the decrease in lateral pressure gradient, causing the strength of hub passage vortex and hub trailing shed-
ding vortex to reduce. Without rim seal flow, the ingress flow contributes to decreasing unsteady fluctuation from the
hub to 10% span. When there is rim seal flow, unsteady fluctuation continues to reduce due to coupling effects of

the egress flow from the ingress and the egress flow form the cavity inlet.

Keywords: cavity; vane; ingress; egress; unsteady
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Analytical Energy Release Rate of Interfacial Crack
in Composite Laminates

ZHENG Weiling, ZHENG Longxi

(School of Power and Energy, Northwestern Polytechnical University, Xi'an 710072, China)

Abstract ; In order to study whether the interfacial crack will grow or not in the composite laminates, the energy re-
lease rate of a crack in three-point bending model was obtained by using the Timoshenko beam theory and local gen-
eralized forces. The results of energy release rate were validated by the finite element results. The results indicate
that the energy release rate of left crack tip is equal to that of the right crack tip when the crack before the crack
goes cross the loading point; after the crack goes cross the loading point, the energy release rate of the left crack tip
increases and then decreases gradually, while the energy release rate of right crack tip decreases first and increases
later; the energy release rate of left crack tip is equal to that of the right crack tip again when the crack is symmet-

ric with the loading point.

Keywords: delamination; energy release rate; crack; beam theory; composites laminate
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L REAG T HEAEAIL AR XL 28 | 0 T 75 22 4 X o7 B
F R BRI A RE IS ], T LI 28 5 R TR B
BYRh R o s SR ER TN R M, BE T % S s 1Y
SRR M AT R AR O R B I LR
Bt /D SR ML P50 20 5 v 3R B0 L B Y B R
122732 FH ICP (iterative closest point ) Bt 7 &3
X AR E R i s AT RS B BRI T X R O
PRI EER | [ i 7 AL e A S TR B, H2
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EEWH R S AR 55 9% L 05 42 (31020158 ( 1) MYZ21) B 3)
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FRZE S B SR iR e £t , M LA TIE WA S50 3 0 . v
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iz Sl B A O, BRER VRS B R IR FRAIC

ARSCHE N T — ARG B 0 O bR IR = R B R
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BRI 35 2 %o = A BR R T A i A R E AT R L, R
Ja 8GR A EMGAT B, LD FRAE VT BC 2 % 1R R
ICP A A2 A0 i X5 1 54l s B . T HE G
TCEUHR Y 2 E PRI gk RO B0 () A B AP i G i
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FC SR I, T4 v 1 206 FC P 58 v ) R B  AAH B
B e

1 REHR

LA M TAERFE A 1 R, TEE%
WrBL 2% CAD BERIAE I =5 % 5w oy
PR 2 X A bR 2R B ST MO A TEFEZRBT L,
SR S YR LR o, B A B S
T 5 = FIZE PSS ) R G 3R 1 . 2 2 8] Y A e
KR, 58 AT A AR R E X, SR R T RGBD-
ICP BeEXT B EE 1 M i R AR LA & A7 Ak o, FE 1)
FH A AG 5 B Ak, e MR Al — A R
ERTEMEAS I KA 5 | 5 B AR E A p &, 5
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SERA
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AR B ,
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EAMB | BUAVERRN
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Xof A bR 2R 3T
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1.1 REEM
B SR WIBF J57: (weighted joint bilateral fil-

ter) |0 RE LR R PG HEA TR S, SR 0

RN S5 VR R i B2 g — MR R S = («,
y), Ml H NVIDIA /A ] CUDA F47 5 6 i
SRR BEAHAILZS 0] AR AR 2R, AR A5 T A5 (vertex map) ,
AR N

Vi(u) :Di(U“)Mi:nl_Dl:u’l] (1)
K, D,(w) R i B2 RIREE R, M, REREEARL
WS4,

TERTZ i ) 6DOF MM EHAEREM, = [ R, ¢, ]
Fon, HA R, Ry 3 x 3 WG HRE ¢, =4 TR 1)
i, 3L 6DOF FHHLAZEE , Al (1) A ) 42 s A
RS (]

Vip(u) = V,(u) M, (2)

[FYRRE, A T A50RT 7 9 925 1) F N (w) FHAH 2K

PSSR (/| SR
N3D(u> = (V3D(x + l’y) - V3D<x,y)) X <3)
(V3D(x,y + 1) - Vw(xJ))

W (3) BB A K E Ny / | Ny |50 H—
ARG R B T N (u) FI=ZETRS Vo, (u) PR
et IREIS T JEPA
1.2 Z#HRBEMEITLIRREL

WS X 5 = EBRITE CAD AN S =
P, = {pg,pysPa sttt oo, |, HoH poLpy,
coep,, BT 0 AB R g,y -oom,, R TR SR
M3, DIKAE AR BERCT |3 R ], K 5 s — 4k
BRIWE SR G, A S =, K45 3% T TS 1S 2K
5 558, L EECH 5 078 (WK 2) .

a) FEE CAD iR

b)  HEERRNE

B2 AN AT A A

TELAT S R b, B 5k o I 2 BB 2 5 1Y
BRI RE R, (w) R 111507 A4 i =4k
Wi E =~ X, HP X = {x,x,,0,x,,N,, N, ,
Ny-+N,| o SRJGRHTICP 3 o =M = X
HEEHITE P, = {po,p1spat Pl sny 00 n,, |
PEATHCE WO I R A P IR DG B 8 1 oAy B8 o [ )
FIAE I SR AEAE R A AMBR ] A5 14, LU s/ R
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VERCR B H o ¥ i 2 E) R AU T R d, =

(N, ;) HATFIR BN d; KT H—BIE ¢, A
SN R A PR T AUE 1, 3R
L, d; >¢

““lo, i )

3 2 >R PR I 8 R 92 ) e R AE B o 3, (i

AT ARAG X BB N K B — X X N A ) A

w; o RPN I TEXS AT R A B R IR
P AT ok M , iR 22 G R A B

1 &
ei<R,t)=Nzwi ||xi_R'Pz_t”2 (5)
i=1

R RE R FNSF-A% 1] 5 ¢ (SRS, (o AT 4R
T4 5 JAE 25 R 15 23 R L S 3 A s T I A 8 46
KA

M, =[RI t] (6)

TS 75 X GARE A A s 2R S s B R AHBILAL AR 2R
Jal, BT DA AR O 2R M, SR A R RT ZRAS AR AL
S RRIETR R (BIREBC AR AR R ) T IIRIR 6 45,
e FiRi Bk T RE S a8 s 2 515,
ARARAIE T 46 57 2 P 1 11 SR0NG BE  H [R] e AR 3
Iy i ETEFE . B, A SCICR 2 SR AT A AL
BRI, 6 10 58 U AR BILA, 25 R FH 1%
SEAUEMIR] ICP 5 = FC e By 7 V8 AT 15 I S0
TEAHHIT 2
1.3 MEHFERIETE

LA ] ICP 55 = Be 2 = 4R IR ER
R, BEESN 2 05— XTI A

K3 R4S ORB FRAFHRH 5 VT i

T REIRIUE 555 & () IE B ORB ¢ 1iF 3 X 1
HRTGA VE B A A A SCZ BT A Y i2 sh e it
(GMS) " ik U R Kk —iz 3h - i —BohE e
Be S AN K AT RE R BEAL L BLAY , DT A s % ECAR A% ) 51
AT LA i JA R VS E S A TR SR ROR S5, BT Bk
JEAEXT OBR RFAIE UG FC o 2 F 47 e, A SCHR Oy

it AR B AR T I A SR 2 B ] 1 AR
PR R, HSEIA T IEEAINLZE SR K A PO 5y
BF, ICP JC o 532 T IR AR IR I 2 Mt 2= 25
[ETFERE IR GO0 DIAS SE W o < MR S0 EF IR VA7 N U
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BE PR B UGB A AL — — X R R, Al i
25 IR 46 VG E [ B A SRy R 6 PR R AIE A 11 DG i )
FIL, ) FE D FE A4 A58 HRAE 5 X A 40 G o) 7 4
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H fi 1R £ J& # % 1E 40 SIFT, SURF, ORB,
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FAST 1 A RRAE sk DU 5, e /9 BRIEF 1R b RRAE
iR ¥, K BF (brute force ) #5 2 VT i 55 5 E 1745
TERERFFVCHL , 25305 0 A 8 SO R EE
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B M A — TE A UG e s o) 08 358 P DG T 4500 3%
LR AN 7 ) o] 12 ) A LR A

M=[m, m, m, anT (7)



146 [ L A A N 5537 %
: P, s 3R AT 4 5 5 R B MY = (R

5 BTy ) ) — B B R AR S UC EL R s &
Tl m, 5 m, BARRIME SR o, 3R
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¥ G T TR HES) A ¢ TR TR
/NFBIE S (SEPRiz A FEER 0.985) , Ui BH B X 17 1)
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K H FIRD S 9 ORB HEATHRE VT I 45 5 0
K 6 fit7n, T3 etk ORB X 25 Pt B0 455 19 AH 41 40
ARTIEA TR IR B IS DE T, 1 A VCAC 5 8% B ROk
() 87 A8 3 478, HiZid BEAERT4 /L

K6 T J5mit—2 kg ORB KU AL

1.4 BEEMIHEFIER ICP R =BA&

2% SIFT-ICP Sk Ja &', Bl ek 9 ORB
FEIE s DCHC , X ICP f8 = Fe v | R IR AR Al ik
BUATIE, B e AEBCERET 2 TRAH S AT iR (4
KU 4y BHRBUR 55 ORB LW RRE4E A F, F, , 18
IF P ) ORB VG BC AR A3 FEAE s VEBC s XRS5 C
C,. 4 ORB FHIEZTEEIMER I, i 7 — 4k
25 (A RRAE () AR AR UM , (H 2 X I AR BE DA A 78 =
s [T AR R VE L SO0 o PRI AR S it 2 i ]
1536 1 A TR E AR A FH Softkinetic (NS 501 L
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TIEDEIE 0] 2 1] 4 - 257 D LGB 85 5% — 3 70 244 iy
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1 . . .
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b, M OB, o AU (S2PRis 5 i 72
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PEAT R 2 B ERC 96, 38R 2 W — E RO L
Ko MR kd-tree FE M AT s AE E  [F] IS
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1.5 [EERENSEEF/HRE

T AW AR 8] PC D7 3% , 3 P T I Y R
VEME HAHPLRS AL BB i, A LA 28 1 Al - Fil
AL Bl B AHERS T A A PRS2 % 1] 3] L
VIR 7 B SRR PR 5 O A A X AR
MIERR R, R 7 A DR b3 (Rt o5 28 (] B A 0 R 1R
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AL EOCFR , B A LU i RGBD-ICP i = FeifE Ty
b T e 2 B 77 0 2 Y I VA A ES R v 1D e 5
PEBE | T B Al iR 22 E B 2 X 5 Gt AR
FABLALZEAG TR 2B s A A A BRI (3 22 B ol
SRR IRIE AR, JLASFHAR ] 22 T — 2B 25T P
BRI

SR PR UEASE 423 T 1 6 s P R T B G 000 1) S B
Pk, 32 SCHR[17-18 ] JA &, ¥4 MU/ S 45 i
ot 2 2 P PR PP it 1) - 4, T 2B S i 36
B IR Mt 1 285 5 N O PR B A2 PRt AR SOC
T P S UK B SRR I SR SOk A B A —
it X, AR O HE T, SR G ORB S BURMIE AL, 5
AR AR MR ITHEA T DT BC I T R4 2 iy T 5 G St >
() AR 4 B, HRRAE A VCRC N5 NV KR T E ¢
BF, WA T —AS s, BEE FRDLIRREERS 3
DR IE AN EOZ W b 4 Rk s DL FEAS 0 N /N T
18 ¢ M —WIER T —> SCHmi,

YRR R X, AR S SRR A DS
i 1B 7 el WS E ST g N 1 B2 NI IETS i S UMY
SXTFI A Softkinetic 1Y PN ERSEFIITBC 55 % 115 H
FIARHAEEM ™ = [R™ | ¢ ] BRGF3I =4Ezs 8], T Ak
RS BER P = {p,} P = {p/|, HUCHSTE =
Y23 [ rh DC AR 25 /N T A o B, AT P BR = AR
T IFAEA S5 A8 TR Es iR B3, DG E R 25
XH

]IVJ z\; (Rubi + b)) —pﬁH2 < (11)

G 3 [T A5, MR 408 117 J5 U5 AR A Y o7 28
00 AT LA ST I 0T A4 A7 8 24 B [l BR A AT DL Ny
I FRAL 7 2 20 S A X PR 2 o, ST S
Wt ) (1) (o 25 AR MR 2 R 22 (] Y 4 Jay— Bk . AR
SCR A TOROV X475 & ik, T4k 5 42 )5
— BRI E K RBURE AT Y A Ab P
TTIEACARHLEIE , B ARAR DL AL 28 A T (B A 1 92
5222 PR AU 2 Mycppacr = [ Ry | tw ) T
NS
i FEHLO 20 iR Ak RGBD-1CP B2 At i
[ BCHE , e 2 @ B9FRPL A Jm e X fr s M, T I (12)
AR, HoR i e B IR E 7 s,
M; =M, My.cr (12)

K7 ARBLAE 5 R B

2 FIEWIESTR

PR W 5 S T AL S B B0 UE R SRR F R
Xeon-E3 TAbFEEY ,CPU WA 3.5 GHz, i5 17 NAF
& 8GB, i & A NVIDIA Geforce GTX 970,
Softkinetic FH TR HUE (5 BRI, HOR (12 4y
SRR A1 280 %720, TR FE AL SR 43 HE R Sk 320 %
240, N THE ST, S o R KN
B R 640x480, EAF R SR Unity3D” JiF a5 | 4
HEAT T %, JH 3D Studio Max #E47 2510 5 S5 H 4t
B, BERH C++iBEF MG, IF D sh S %
(DLL) BJEAF A Unity3D,

2.1 Z=4RERFMERFEFRENR

TEK BT TR Bf Softkinect ¥ AL B H 5 1B
IS B BE K 45 HTC Vive T4 (E M AE E +1.5
mm ) Z85E , W RAERN N HTC Vive FARIE FTHLEAE
HEYE, FBF, 351K H KinectFusion' " B 5 7
W5 2 RIS SCHRE HE ) 05 2 AL E AR Rl A5 A R B 7
W7 AT = 4E 1, 5% Softkinect IR FE L g% 1
TR X, Y, Z 3 s il AT M, SCe Xt b2
BE 8 FiR, MWEIH AT LIE H SN T
A0 R R 1 7 (Kinect Fusion) B AHHLEL 3l B &S
FHE R, 5 LSRR 22 MOk B, HLAE 300 MiZe A7 R
S A R e, X R R T AHAILRS B R, 1CP
TG T 7 5 pt A AR BRI, 5 SR B e M o A o
Wi, AR SO e B T AR I A T LSRR AE DT
Bie, PR REARAF AR AL RS Sl S A B, o Je
S A AR T IE B AR LA A, SR T AL
PR T A R A O
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== EAE 800} = Il 750 = EAAE
o Ak —- KT o~ R H
900 —— Kinect Fusion —— Kinect Fusion —— Kinect Fusion
g £ 700 £ 650l
~ ~ ~
#1700 o o
o & 600 & 550
=2 = =
z z z
500 500 450
300! 400 350

200 700 600 200

%
a) XJIh

400 600 200 200 600

WiTE

b) Y ¢ ZJHh

Kl 8 ASCr ik BRERPUE 5 HL LB AT BB R X L

R T UMb TR SR FH AR [ B W O ik () A
BILASE e 000 e (R L S 30 =2 ) ) 58 22, SR A 3K
(13) AT E IR 5 .
= || WEE - HSE |, =

(x —xﬁz;> + (y _}’ﬁi;)z + (z _zﬁzg)z
(13)

FHAERMEL 1 s, WERPATLIE R
ARSIy BTt B AL R 5 S E AT Bl e R
T AEBLIN 07 8 5 A B R 22 RN R UIA L
BEUREMYEE &, 5 KinectFusion #H H , AN SC 7
PEim T I T S 5 2 ) R IR M A Ak

[

*1 AEREFEMAEMNSER
HBEXEZBEMNAEIRZE/mm

Tk AR5k Kinect Fusion
10 6.16 10.44
100 10.68 101.16
200 12.21 205.35
300 12.25 311.81
400 9.85 —
500 9.38 —
600 11.36 -

22 RERFMEEHNITHIEIS

AR SCHR T M e A S R AR 5 e
FHBLA 2400 4 A ( BRIV = 2 SR i 1 U 46 ) A s R
S I FRREI R 2 (~2 s)  (BWIHEAR 5E R AN
FERAT LT R, PR AR A T B T AR LB T E N
WA Ak 5E BUG R G0 R S WL AR T 4 A B ) 4 A
BB TR EME R IR BRI e 2 S sk
B | sz B R AE Rl B TR M, A o R R A

23.19 ms, R Giz 7o B 0] SEELAE R 30 i, il R R

e PSR
F2 ZHREBEME—WUEITRE
LIRSS AT A H]/ms
1 PRAT I A 2.86
2 P o WS Y B 13.79
3 RGBD-ICP FREZH: M 4.04
4 HEZN a1l 2.50
5 sV 23.19
2.3 HEsEIAD

VIOKZFEAME R BB B AR, PRk THT AR B3R
HBh RS, ZARGAA 3D Max #1795 345 5 &
B, Unity 3D VERARATFE R G A SRR C++
WHEWS IS EEHEE (DLL) BB A Unity
3D, RGUAEEECL B SR AR AT S ) A T BT
TAET KK I IR = AR TE CAD MRBE
D=y i B il jﬂTzfAEﬁ?Eﬁﬁi%ﬁﬁaﬁl%,
SR PSR B 5 k2 X B C 5 | S A B R i A
Z IR OC R AT AL B %fwiﬁ*,ﬁﬁ‘ﬁﬁi
AN, FHF Softkinetic #EATH 3, 3R PO R LA A
SR O A R D SN b e S g A
W9 Fi7R . B 9a) /K EL P, SERTFIR IS, H 5
RPCERL G IR B G, R L =, I 5 R AR A A
TR UE , 3R B Softkinetic 7F 3 AR B AR BR 22 T
IO ZE, B 9b) I G A58 UG, R 2k JAE 452 1Y A b
R AR N BCFE 1, JFAKE Sofikinetic 137 48, K5 2
AT S | 17 B T &N, #3h SoftKinetic , MU H:
B RE i (A0 A AR B SR IBCAS [R1 A0 A FRAS [R] B 25
51 A5 BEMZE R (WK 9¢) ~ Kl 9d) ), NEl



%14

T A 5 AR AE R B 0 B IR E AR At — BRI 5 vk 149

ATLAE AR AR RS R A SCRE AR REIA 2
B =2z B FEMACR . 18] 9e) ~ B 9g) JB/R T
ANTRIZE T TR 5 | 5 T P R AR T I s Sl sl 255
SRR T 0 17 22 5 TAF AR R TR A ) A T £
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/

) FKREEISE R
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AR N GYIIT JC = SO B AR AR 2, SR R T
ROR  BEARIE T A AL,
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0 kR AR R R

d)  ARBERE FREES G B

g himRELESE BN R

Ko —ZEBER N R T H AL

3 4 &
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HA B SRR DT S SO AR JR T
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FAEDC AR S 5 A9 = 4EBR BRI J7 k% Rl fhin A [m]

SEH .

PRI N4 Ry e Ak SR B 3hE S 1 PRI A) 4 D P A5
U 2O AR AL B R T 2R e, SCPRAIE T AHAIL
PEEAGTING RE o fJo R = 2k R 5 W 6 e, 5 i
THT AR BB RGERPK AR P, SIS
SRR ARSI EAE W SEm PR REIS B4 AD 30
Wit T HAEARAUD RS Bl B AT e 2 0 Hh AT
P, g A PERE L T 5T 45 = 1Y KinectFusion — 4
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A 3D Tracking and Registration Method Based on Point Cloud and
Visual Features for Augmented Reality Aided Assembly System

WANG Yue, ZHANG Shusheng, BAI Xiaoliang

(School of Mechanical Engineering, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: To improve the robustness and applicability of 3D tracking and registration for augmented reality ( AR)
alded mechanical assembly system, a 3D registration and tracking method based on the point cloud and visual fea-
tures is proposed. Firstly, the reference model point cloud is used to definite absolute tracking coordinate system,
thus the locating datum of the virtual assembly guidance information is determined. Then by adding visual features
matiching to the iterative closest points (ICP) registration process, the robustness of tracking and registration is im-
proved. In order to obtain sufficient number of visual feature matching points in this process, a visual feature matc-
hing strategy based on orientation vector consistency is proposed. Finally, the loop closure detection and global pose
optimization from key frames are added in the tracking registration process. The experimental result shows that the
proposed method has good real-time performance and accuracy, and the running speed can reach 30 frames per sec-
ond. Moreover, it also shows good robustness when the camera is moving fast and the depth information is inaccu-

rate, and the comprehensive performance of the proposed method is better than the KinectFusion method.

Keywords: augmented reality ; mechanical assembly; 3D registration and tracking; point cloud; visual feature ;ro-

bustness; visual feature matching; loop closure detection; global pose optimization
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