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Research on three-dimensional dynamic flow
stability of check valve

YU Wu-jiang, WANG Hai-zhou, CHEN Er-feng, YE Chao, ZENG Bin
(Beijing Institute of Aerospace Systems Engineering, Beijing 100076, China)

Abstract: The mechanism of the check valve self-excited vibration was studied. The critical
stable curve of the check valve was obtained by linear analysis. The dynamic grid technology of the
pump and valve simulation software PumpLinx was adopted to carry out simulation analysis for
three-dimensional dynamic flow of the check valve. The dynamic stability of the check valve was
analyzed respéctively under the conditions of different working pressure and mass flow rate. The
results indicate that, in a certain working pressure, the check valve works unstably when mass flow
rate is small, and periodic valve vibration may generated; dynamic stability of the check valve
becomes stronger with the increase of mass flow rate; when mass flow rate is large enough, the check
valve works stably; when the mass flow rate is in a certain value, the work pressure is reduced and the

dynamic stability of check valve is increased. Three-dimensional dynamic flow simulating results of
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Fig. 11 Displacement of check valve spool at different mass flow rate when work pressure is 4 MPa
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Fig. 12 Comparison of linear analysis results and three—

dimensional dynamic flow simulation results

4 Zit

it B 1R B ARSI TR, RS
ARG T B R I R fa e gk, FIRR
R {5 B K {4 PumpLinx K MEEAR, FRTH
) B = HE B SR H A, BT T B A

FTAERES . ARREREERMGTHIISEER
PE, GREFH.

1) EE—TAEENT, /MBS R T
e, SR AREER, MEREBER, 8
EREASREENER, YHE %R, HinK
felaE T/, B 129, THEEIHN 4 MPa f 8
MPa, BB BMET 56 o/s F1 76 g/s B, B HE
ARaE, LRBRDHNKT 66 g/s F186 g/s Bf, H#
[ B TAERRE o

2) MERE N, BELIEENHREK,
Bm R AR EEEE, B 129, HEN 66 gs
M 76g/s, TAEREF10 8 MPa Bit, HERARE,
B4 TAEIE S8/l 4 MPa B, B i gk E T
fE-

3) MR =B RGHRER G
SR, N=HHEFGNAERIETRIA
BRI R AT A R



BaNEE1LH

ARIT, %, BARSEDERSREHBIRE 89

BE 30k

[1] kG EF. WIIEWEERSUKEEDPSIRN B ¥Miks)
(7. ZEK Ik, 2012, 14(3): 20-23

[2] M8, RME, BN, F. HKERREERERY
B¥IRB R[] KRB ER, 2007, 26(4): 135-
140.

[3) M-AFBH, BRILF, BFZ A, e RERAWR ST B BIR
AR R SRR KR TR, 2008, (4): 51-
56.

[4] MRS, BRILF, B2 A, WS S ukig £ R34
SAHT]. R HUARZER, 2009, 40(4): 215-220.

(5] BFEFES, PR, BRI, 4. Sah5e SR B A0 i
WL PR TR FIR, 2010, 46(1): 115-121.

(6] ¥ %, Sk IE. MBI X ok K 3h 1 AL AR M
(7). k&, 2012, 38(2): 20-26.

[7) S, M, BT, % AR RKERT RER SR
R EIEI]. VURSHE, 2008, 36(10): 106-108.

[8] REZ, AN, 4. BEESERMEHLERBEIT(I).
K FTHEE, 2014, 40(3): 52-56.

Q1 ESIF, B, ARIL, F. R B BIRSWIEL )
BREEDTRI). M3 N4, 2014, 29(6): 1490-1497.
[10] SALVADOR Guillermo Palau, VALVERDE Jaime Arviza.
Three-dimensional control valve with complex geometry:
CFD modeling and experimental validation, AIAA

2004-2422 [R]. USA: AIAA, 2004.

[11] AHUJA Vineet, CAVALLO P A, SHIPMAN J D, et
al. Modeling chatter in a pressure regulator valve with a
multi-physics simulation framework , AIAA2008—4669
[R]. USA: AIAA, 2008.

[12] GRINIS L, HASLAVSKY V, TZADKA U. Self-exited
vibration in hydraulic ball check[J]. Engineering and Te-

chnology, 2012, 68: 1261-1266.

[13) Z=RKolY, kAR, HUBIRBHMI. JL3: IR AR,
2009.

(fRE: THE)

m%%%%%%%‘%%%%%%%%%%%%%m

(L#EF 62 1)

4 Z5FRiE

SCEFT# A ) RBCC & St RERAUR Bl
AR . REBRREE =ESBIENAT
B, THTREABRAOSRESERE DM R L
SRAES, AN BIEES, EW T ERE
fitk. BARSCEPTHAN RBCC REPIERH1F
BB, SETRERSEREIEE—E
KRS, (B2 R PGE T RBCC RBIIAET
EEMTRMEESTRHIERESH, H
RBCC K BHLHERERR B B 28 5 Bt TAE R —
BB

BE R

[1] STEMLER J N, BOGAR T J, FARRELL D J, et al.

Assessment of RBCC-powered VTHL SSTO vehicles,
AJAA 99-4947[R]. USA: AIAA, 1999.

[2] HUETER U. Rocket-based combined-cycle propulsion
technology for access-to-space applications, AIAA
99-4925[R]. USA: AIAA, 1999.

[3] BARDFORD J E, OLDS J R. SCCREAM v.5-A web-
based airbreathing propulsion analysis tool, AIAA
99-2104[R]. USA: AIAA, 1999.

[4] HAN Sam, PEDDIESON John, Jr., GREGORY David.
Ejector primary flow molecular weight effects in an
ejector-ram rocket engine[J]. Journal of Propulsion and
Power, 2002, 18(3): 25-39.

(5] 33 1E. %F RBCC sh 1 RE M EF[I]. KFiH#E,
2013, 39(1): 1-7.

(%48: BRAE)



