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Numerical Analysis of Dynamic Properties for a Pressure Relief
Valve Using a Method of Fluid and Structure Interaction
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Abstract: In order to investigate the effects of internal flow field on the dynamic characteristics of a pres-
sure relief valve, based on the new discrete geometric conservation law and high order of fluid and solid coupling
algorithm, numerical simulations of the dynamic characteristics were performed. The structure dynamic model of
the single degree of freedom mass spring damping system was solved by Newmark method. The three—dimensional
unsteady integral forms of ALE equation were solved by finite volume scheme based on spring analogy method
and dynamic grid. The virtual mesh ventilation method is adopted to solve the problem when multiple bodies move
from contact to separation and the mesh topology changes. The results show that the mean outlet pressure,, which
is consistent with the theoretical value of static performance design, appears oscillation under normal working
state of the pressure relief valve, the higher inlet pressure, the lower amplitude. When the inlet pressure is too
low the valve is unable to realize the theoretical value. Under the normal working state of the inlet pressure, the
pressure relief valve may induce flutter and the outlet pressure is greater than the theoretical value.
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Fig.1 Schematic of pressure relief valve
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Fig.2 Spring force changing curve with displacement
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Fig.3 Sketch of virtual baffle faces
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MM S J7 R 1.5MPa, HURE G 30 45 2k a2 B T 0s

FEAE . EW7IE J 15MPa i T80, TR J3 FlE JE =
B2 (5 BF 5 B S AL (H R & 0 & 7 it
TMPa, K25 T EYIfE .

K6 BT 7 S DU R T 00T 100 5 1 A i AL 88 8 4k
Mk, i THROSER DA oA T RALE (&1
EPKS) PRI I A3 % Sy B B 3R 78 IR I 25 1 5 ) PR

ia gy, LR Ol IE B RN RS R E R I E A2
B, 7E2MPa THL NS 5B EAE &, B
EAEW IR ARZS ; 8MPa Fil 21MPa T. 000 F i #% iif £k 72 1k
FLAARARL, JBE R i 25 108 J5 1) 32 3, FT BRA 4 K4
filf 4%, O % A2 Rl iz gy, 5 OE A — i 1) Fas ),
TE 8MPa 140 1 2 35 Wi & i, IR0 0 2 B 7 J5 Fn T B
A7 K5 filf 48 5| 58 1 & A5 /N I8 4 3l , =9 22 S R
S, i E R B R AR 8 S R R IR iR 3
{H % /N 5 1SMPa 1.5 7F 40ms VL5 &0 5 8 5 4 B4
i, BRI SES7E T BR AN 4 22 IR R A 52, R 7R T BR A 2%

1 !
£ F DlaphmgmﬂMPd
£o0sF Stopper rod
Bl
9% Y 1| WYTPPER [T W Preu TTRY o
2.0sh
gosp | NI ot

—1CL 1 1 1 1 1

0 0.02 0.04 e 0.06 0.08 0.1

1
g |‘ Dlaphragmls}vﬂ)a
\é 0.5 ’} Stopper rod
8
E ok Whoan mmlll”

3
u
AV 1l \H( |H
-1 L L 1
0 0.0 4 - 0.06 0.08 0.1
t/s

1E
= F DlaphrangMPa
E 05F '\ Stopper rod
= [
qé oF ILLU L _’l_-'L;._lnLln IL_-_I(

g [
Z05E
Z050 [Vl LI i
—1L 1 1 1 1 1
0 0.02 0.04 0.06 0.08 0.1
L _ 2MPa
0.5
Diaphragm
Stopper rod

Displacement/mm
=)

_1 RS SR A S SRS T SO S S NS S S SRS |
0.1

o
o
o
)
o
o
h g
o
o
X
o
o
&

Fig. 6 Displacement curves of valve core and diaphragm



726 (i

20144

FIAE B% hy G0 11 07 8 AR 5, IR T M 11 T g Tl 58
7.5MPatk i, AT A, R WU & A —E R )
HE o

FE 15MPa T30 F U 7% B9 TR A5 25 0 ol B AR
PLER S BN 1 530 1% R G is 8l = A i, 2 gAY
4 0 TR A B4 o AR SO B v B A 0 0 T 2 sh A Fa
FERZS A e A% (R s TR 1 ¥ (5 N 1.7MPa 7% 1k 3]
7.5MPa) , 77 il 7E S BR TAE o B0 R I R 4 S
AN . MR YE IR 3h 2k R G R B fi
W F, =0, 8 71 F, o F 3F AICE B 1 SR
i, T RS B g R AR 2 BUVAE fR AR /N, AT L
22 W JE A B X ARG I F 14 R P O R R
Ji PRI R AV R B 18 TR 0% B B S B0 . RS sl
F o, S AW J v Js RIVSE A i P P 0 55 1) 1S 28
SR G R AT B 3 R I AR R 2
W g,

Sk T 3R G B | R A R R 0L R 0B S A A B
XA 25 Bk P 4 ) 452 ) R A R ) R )
AT 56 R AN I 5T 4548« AR s A RS
i PN 7 0 sl i BB AR /N L R BE AT AT BR IR s SN DA
1) JEE J88 1 % 2h 25 R v LT 1A 5 W, 3 K E) 20N 1T
DA 24 b 41 o) B R 5 4% R B T ACEE A D e R T 22
F T AT O FL R AR T s B9 9 R G K, T B R R 0
[ B 2 S B0 A AR ) W I A, P kB T K
RS S EORE#R R AL

6 & it

i A SCHETE A B LT 4518

(1) T AR 4544 3l 90 4% 7Y O 861 48 5 11 330 0 ik T
VAT T 117 i DR B3 7 =2 B0, 36 Uk 5 1) 3% 10
FICTLART S 3 R 0 T B v LA B A

(2) HE AU B BB AR AR 4F 1O i te 7 1 TT N R iz
By AR S s ) AR R Al R A XE RS O
B BRI T IR D8 AR K P 2 Al 1 Y TR R,
L RS IR R T PR A Bl FE ) 2 A/ 2y B
o

(3) 7980 % 1E 5 TARRESTT , 132 30 4 IR e
ASYERE BT Y BN (R, Sh AR R A AE IR 5 o

(4) b3 s 7 B AR IR SR RE , Bl s A 1 11 TR
TR T BEHE, 7™ i AT e AR 1R T3 20K

()RS R4y = s W 53 e R4
R EL A PR B0 B IR B4R 0 A X AL I
BT A HLHRL, n] SR HOMT 8 it T L BR SR

S 30k -

[ 1] VP AU S S R f O AR W5 [D ). 1
s PR AR R, 2009.

[ 2] EEE, THOF, EARE. B s A b R A )
FERELT]. HEdE R AR L 2013, 34(1): 124-128. (TAN Jian-
guo, JIANG Yan—ping, WANG Zhen-guo. Suppression Ap-
proach on Oscillation of Pressure Relief Valve During Pres-
surization Process [J]. Journal of Propulsion Technology,
2013, 34(1): 124-128.)

[ 3] mharly, R, PRICE, 45 b Ui g i )
P[] UK TREA4R L 2010, 46(1): 115-121.

[4] & W 8&%, % FORSERINGSS = 48 e
LT, R JHA, 2007, 30(3): 210-213.

(51 8wy, 200, DY, IR CHI RN AR
W B O BURVREPE 5B L) . iz & 8hbl, 2011, 37(6)
9-12.

[ 6 ] Vineet A, Ashvin H, Peter C, et al. Simulations of Instabil-
ities in Complex Valve and Feed Systems [R]. ATAA 2006~
4758.

[ 7] Jeremy S, Ashvin H, Vineet A. Unsteady Analyses of
Valve Systems in Rocket Engine Testing Environments [ R ].
AIAA 2004-3663.

[ 81 Wi Ak, Z=WHE, F8 W9, 5%, U SRR 3 )
AEFEL) . PR RS EA ], 2009, 31(2): 1-4.

Lol E£ #,x H, HWRIE, % JE45H 3 AR HOR KA
P AT gk B B P R L ] s R e
#f%, 2008, 26(1): 131-135.

[10] Venkatakrishnan V. On the Accuracy of ILimiters and Con-
vergence to Steady Solutions[ R ]. AIAA 93-0880.

[11] Williamson J H. Low— Storage Runge— Kutta Schemes [Jl.
Journal of Computational Physics, 1980, (35): 48-56.

[12] X1, ARAE, 25 iF. AEE5 8 s Tk — Rt
TEAL &3z 3 S A i S At T Y R LML AP B
HRAE M, 2000.

[13] 5% Gk, X) G, BRR. TSR R R A
BUEIIHTLI . BB AR 41, 2008, 44(8) : 61-66.

[14] X &, RECHAEBR ERS& rY S sk [C L
M Ee 55T L A BT SRR 07 i S0, 2012:
247-253.

[15] &6 B, %) B, ®ocfe. e a8 E T R R &
BUHRILT ). J12%24R, 2013, 45(2): 283-287.



