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Influence of low temperature environment on the regulation

characteristics of gas pressure reducing valve
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Abstract; The gas pressure reducing valve is the key module of the orbital and attitude control en-
gine, and its characteristic of outlet pressure directly affects the thrust performance and working reliability
of the engine system. Through the influence analysis of the PRV in low temperature environment, there
are three factors affecting the stress and regulation characteristics of the valve spool. The low-temperature
dynamic characteristics of the PRV under the influence of three factors are simulated, and the relative
change trend of the starting pressure peak and the steady-state outlet pressure of the PRV are obtained in
low temperature environment. It is considered that the starting pressure peak and the steady-state outlet
pressure of the valve increase with the decrease of temperature. The change of diaphragm characteristics in
low temperature environment is the main factor affecting the change of outlet pressure. Through the fitting
function of the starting pressure peak value and the steady-state outlet pressure of the PRV in low temper-

ature environment, the low-temperature starting peak value and steady-state outlet pressure can be esti-
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mated to meet the requirements of the engine system parameter design in low tempserature environment.

Keywords : pressure reducing valve (PRV) ; low temperature ; outlet pressure; pressure peak
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Fig.1 Diagram of reverse unloading PRV
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Tab.1 Low temperature stiffness of stainless steel spring

T/ C AEWUIAER T/ MPa RIEE/(N - mm ™)
20 7.52 x 10* 228.5
0 7.56 x10* 229.7
-15 7.59 x 10* 230. 6
-35 7. 63 x 10* 231.8
-273 8.10 x 10* 246. 1
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Fig.2 Simulation model of PRV
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Fig.3 Dynamic simulation curve of outlet pressure

at different stiffness of spring

2.2 FERNETHITEATHERNZMm

MR e 2 L s 1 it R AR S S R Ay
TR TOIE, BA  H R RS B 5 R R A
BN R —FP AT BLE 5 F A0 RE, BAT v L KA
o R 25 55 SR ) 2 Rk o A TG 38 6 B A
BE AR S B B AR R A 2 W 2 S, O H



5546 4 55 6 1]

P, 45 < AR IR S 0T AR T R 1 R )2 85

A RAERABICTA KA B IRBRE 1. M B AE /NS
T DI AR R 6 S8 P A AN e — A
W TETEAS A 37 2% 1o [ R bRk 2 1)
Xof FRE ) O B AT A

PN GUH RN AL BE R AL W(E) A 34 5
PERFBH) 122 RE 2 R BOTT LA 1 R AR 0 55
SRPERTRL, IRZA I MER A O ik 2 T 2 Fh
T A R pR K0 SRR AR A A T R . AT XS AR
JEERE A B AS K 485 780 40, 7% Ogden-Tschegl 57 | Klos-
ner-Segal 5 %  Monney-Rivlin 5 % 45 H 1 Mon-
ney-Rivlin #5141 (M-R BHY ) 550 7 4% b o B S0 R
Vi, BRI SL I IR " M-R A — AR
B2 W

W = ﬁ a, (I, =3)" (I, =3)" + (I, -1)*/2K

(5)
ey 9 M-R SR REG K ORI GRSk
ORHIA AT 4R

M-R BEMK 35 S BOR A, 73 2.5 19 24
M-RBER B XA ) U5 f) R S bR 5 B2 AT
B Bk A7 A | 5P e 20 | - 11 B U0 2 A R 2
PERENNA, i 1 285 T A5 2R L 25
SE AT X —FAE R M=R 4R R B 1 F 2

BEXATR T W AR IBCAE ek, A1 W O 8 A [A) i
JEN B R T 2, PG A DR T R

TR R 9 S8 M-R AR A0 75
RE R A S e T M AR ISP Rl AR R T R
J12AVERE , P IHE FH T A 90 s 1 AR e i R #)  J3E
orHT e

R AT BR 0 73 A %F 1 10 38 Ay 0 Bt 5
PRI SRR B O R AT, P 9 24U M-R A
B, BRI Jh B - 35, - 15.20 T
TR BE N R AR B2 . 7 LA SR AN &1 4 B
S WIBE TR AE R AN 2 FoR

x2 FREBEERMEHEER
Tab.2 Computation results of diaphragm stiffness

at different temperatures

M/ C AR/ (N« mm™")
20 25.8
-15 44.8
-35 54.6
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Fig. 4 Simulation results of directional deformation and equivalent stress of diaphragm at different temperatures
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Fig. 5 Dynamic simulation curve of outlet pressure

at different stiffness of diaphragm

HIPE Sl LAFE Y, Bl iR W AU sh bk ) [
WL S A it 1 T 35 WA T g, AEL T AT U {5

RS IR SR HeAE o 1,092 ~ 1,259, 2255 1 8
(AHXTAEAL 15. 29% , 291 S W1 B AR AL FE Al 51 A
T12.63%),
2.3 MEREAIET TR

S 1R )08 32 S BE JE R # h O JEAR B i e
BEE 4R, ARIELS , T 3 el A S PR A A A
AR, , 2 S B T B 002 A 17 g AR fih 6 JRE A A AR
Ao, TS ) 2 P ) BE A 0 o ol 0 AT AR/
(ART 0.3 mm) AT T, % E 8 & T sk
A0 BT Ry R T L FT AR A R OT RS
AT X 4 P AN [] I 42 fioh 17 g 3 AR BEA T AR
PETAS A [ B2 T 4% B B i BE 45 0. (5 LA 2R
W 6 o, BRI 4 R AN 3 FR o

®3 TEBEOEEBEZENTHLER
Tab.3 Calculation results of O-ring static friction

at different temperatures

il B/ °C. TS I1/N
20 49.6
-15 66. 1
-35 77.1
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Fig. 6 Simulation results of contact stress of O-ring

at different temperatures
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Fig.7 Dynamic simulation curve of outlet pressure

at different damping



5546 4 55 6 1]

I, 25 ARIR PSR 0T AAI He R 3 15 R B S i 87

HIE 7 T LUF H, BE A I A 2h Bk )
AR B R St 11 e ) B m A T AR (S
R ORI M I 1.092 ~ 1,429, 22 5| B B
(FEXTARAE 30. 86% , 94 s W B AR fb Fe ik 5] A
T15.57%)

3 e

eI 4 5 0 IR, 23 B EAT AN [R)ELE R B 4
TR, ZREUR B WA L 1 R g LR TR
i 22 OB o 156 RGP AN 8 o, B U
ol s 1 27 B TR IELA P9, SO FE U 10 28 MPa,
e e A 37 ) O P ) G0 B i R L BE T
i e L 1 -5 3 L 4% o i R i AN [ T 0 P £
it o T AR S0 i it B2 9 8 2 20
0.-10,-15,-20, =25, -30, -35C , R E L3 F
W), 4 PSR P BEA TR - S5 LA 750 mL/s 3
AR 30 s, KHITFHL 20 s, 58)5 L 30 mIL/s i T
PR30 so IR0 SR AR HY 10 T 58

1= 32 A B 5 3D 1 54— L T Y 5
5—BRUTE R 6 Iy 1 ki s T IR B AL I %
8 BERKERRE RS

Fig. 8 Low temperature experiment system of PRV
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Tab.4 Startup pressure peak at different temperatures

TR JA SR 10 6 {H/ MPa
/C 1# 2# 3# 44
20 2.57 2.56 2.56 2.56
0 2. 60 2.62 2.62 2.61
-10 2. 66 2.69 2. 69 2.67
-15 2.72 2.76 2.75 2.73
-20 2.76 2.83 2.89 2.82
-25 2.84 2.92 3.02 2.93
-30 2.94 3.07 3.20 3.07
-35 3.06 3.33 3.46 3.29
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Fig. 9 Relative value of startup pressure at

different temperatures
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Tab.5 Outlet pressure at different temperatures

B HH 1/ MPa
/C 14# 24 34# 44
20 2.36 2.42 2.36 2.40 2.35 2.44 2.34 2.41
0 2.40 2.44 2.38 2.44 2.39 2.47 2.36 2.43
-10 2.42 2.47 2.40 2.45 2.40 2.48 2.38 2.45
—-15 2.43 2.47 2.42 2.47 2.39 2.50 2.39 2.46
-20 2.44 2.48 2.43 2.49 2.44 2.52 2.42 2.47
-25 2.48 2.52 2.47 2.52 2.47 2.55 2.45 2.51
-30 2.51 2.56 2.50 2.56 2.50 2.60 2.48 2.55
-35 2.56 2.61 2.57 2.62 2.55 2.66 2.55 2.61
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Fig. 10 Relative value of outlet pressure at

different temperatures
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