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Abstract: In the real environment, there is uncertainty on the boundary parameters of the jet reversing
valve. The main and control pressure are the important factors to affect the switching performance. Thus there is
uncertainty on performance of the jet reversing valve, because of uncertainty on main and control pressure. The
probabilistic collocation method (PCM )is used to study the coupling effect of main and control pressure uncertain-
ty on the switching performance of the jet reversing valve. And the uncertainty band of switching performance is
obtained, under the one—dimensional and the two—dimensional uncertainty. The results show that the switching
performance will be affected, if there is uncertainty on main or control pressure. Furthermore, the control pres-
sure uncertainty is more important than main pressure uncertainty to affect the switching performance. In addi-
tion, if there is two—dimensional uncertainty, the greater fluctuation of switching performance will appear. The
maximum fluctuation range will reach 29%.
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Fig.1 Schematic diagram of jet reversing valve
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Table 1 Dimensional parameters of jet reversing valve

h w H 2¢
b 1.3 106 12°
Main
Control pressure
pressure

Fig. 2 Computation area of jet reversing valve
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Table 2 Main pressure and control pressure of sample

points (MPa)
No. 1 2 3 4 5 6 7
P 6.89 7.67 8.35 9.00 9.65 10.33 11.11
Pe 3.06 3.41 3.71 4.00 4.29 4.59 4.94
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Table 3 Calculating data of sample points (ms)

P,,=6.89MPa p,=7.67TMPa p,,=8.35MPa 2,=9.00MPa P,=9.65MPa p,,=10.33MPa p,=11.11MPa
P/ tl 12 tl 2 t1 12 tl 12 tl 2 t1 12 tl 12
3.06 0.19 0.27 0.11 0.17 — — — — — — — — — —
3.41 0.09 0.19 0.07 0.14 0.08 0.14 0.13 0.20 — — — — — —
3.71 0.09 0.15 0.07 0.14 0.07 0.14 0.08 0.14 0.15 0.20 — — — —
4.00 0.08 0.14 0.07 0.13 0.07 0.13 0.07 0.13 0.08 0.14 — — — —
4.29 0.07 0.14 0.07 0.13 0.06 0.13 0.07 0.12 0.08 0.14 0.18 0.24 — —
4.59 0.07 0.14 0.07 0.13 0.06 0.13 0.06 0.12 0.08 0.14 0.18 0.24 — —
4.94 0.07 0.14 0.07 0.13 0.06 0.13 0.06 0.12 0.08 0.14 0.18 0.24 — —

Annotation: “—"means unable to switch
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Fig.3 Mach number of some examples
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Table 4 Influence of pressure uncertainty

Main pressure uncertainty Control pressure uncertainty Main and control pressure uncertainty

Parameter
t1/ms t2/ms t1/ms t2/ms t1/ms t2/ms
Average value u 0.070 0.126 0.074 0.132 0.076 0.133
Standard deviation o 0.005 0.004 0.011 0.014 0.022 0.021
s
Deviation degree 8 = ; 0.068 0.032 0.150 0.107 0.290 0.160
— Pressure (left out) - Control signal (left)

— Pressure (right out) ~ — Control signal (right)
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Fig. 4 Test system
Fig.7 Pilot valve pressure curve
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Fig.5 Jet reversing valve pressure curve

ASSCHIFFE T 569 U A5 1] W) 32 30 R 42 1] 3 S e ) A
R PR LD e R RE Y S0, 5 Hh LR 458

(1) 4 F2 9 He 5ii A A8 I, Bl 5 42 i 30 s 5 f) 39
IR, S O A8 1 i ) LD 48 R )4 AN T 0 L, 4 4 IR TR
500 R B — E R e, D) 8 I TR A P 2 A e A
ARG AL 5 2 P U S AN AR I i O Y
D) | IS ZIE Qi RRLTE LRSS RNV R DN UF SR AN v
[EyZIE /8

(2) 24 5 U0 s o o) il /) o 4 002 B0, 4 o I S 9 1)
B R Hp 3l 2 GE U0 St RE A TT R 15 R AF RO AR
AP 5 o b i Sl A s, DU 2 4 i AL T SR AR T
i H SR Y 40% LA B, R S8 U0 vk e R 2 R R R, B

— Pressure (left out) Control signal (left)
— Pressure (right out) ~ — Control signal (right)

Sf ) . 72.0

S
Pressure (non-dimension)

Control signal (non-dimension)

1 i 1 0 0
2230 2232 2.234
t/s

2226 2228

Fig. 6 Partial enlargement of pressure curve

K :8, = 6.8%,8, = 3.2% ; ¥ il I K 58 7E 12.5% 35 [H
I Bl (— ZE AN R ) R SO U ) i ) 4 1
e I 3 A IS BB 2> oM 26, = 15.0%,8, = 10.7%; F i
FIPE TR 38 FRAE 12.5% 30 Bl N % 3 ( — 48 A e

ES/itr %) E 8

(3) 24 5 I A4 o O T o G v 2 — A AE D sl v
L) A 8 HORE Bl 2 Dl B, HE A g AL 5 A9 AN
SE T XS R G U 1 B B R R O 3 L Bl Y [



a2k 11l

B AN 5 W A 20 B A6 SR 45 1) 1R D1 4 1 RE TF

2437

TE 12.5% IF 5 3 S5CR AL 80 1) 1 170 460 8 E 1) i 8 18 2]
15% ; 24 A7 15 — Y- AU 2 PRI 569 0 45t 1o 18] 9 D7) 48
FERE H BB R A I 30, 4 KU B R JE AT 3k 29%

S 0k

(1]

[2]

[6]

[7]

Joyce J W, Gottron R N. Fluidics—Basic Components
and Applications| R]. HDL-SR-83-9, 1983.

(AT T I = R 5 I L L 8 S o (A NS St ]
5E[R]. AD-690853.

PR IGE SR . A O R PR B B (BB [ D ). YT e i
TL T RS, 2004,

Cornelius C S. Research and Development Fluidic Con-
trol Concepts and Designs[R}. AD-724126, 1971.
Victor W Ruwe.
System Development[ R ]. AD-022892, 1975.

Roger R P, Chan S C. Numerical Study of Fluidic Bi-
stable Amplifiers[R]. AIAA 2003-3459.

DCAT Experimental Evaluations and

Jun-Young H, Kwanghee Y, Yeol L, et al. Dynamic
Characteristics of a Fluidic Valve for Divert and Attitude
Control System[R]. AIAA 2010-6854.

B AL G SRS I BIK S B A 1 B 2 R Rz 43 BT
(J]. #0554, 2002, 22(3): 117-120.
L BRI A . T R 6 i
7 R BEWAE R[] EEEOR , 2010, 31(6): 751~
756. (WANG Zhan-xue, WANG Yu-nan, LI Zhi-jie,
et al. Experiment on Fluidic Thrust-Vectoring Nozzle
Based on Shock Control Concept[J]. Journal of Propul-
sion Technology, 2010, 31(6): 751-756.)

g e . U R IR 5D ] db st bt
TR, 2015.

[11]

[12]

[14]

[15]

[16]

[17]

M, EAERS, DA, A5 RN AR R
il JCPFPERE R R R R AT S (D], MR, 2019, 40
(3): 525-531. (SUN Na, WANG Jia—xing, MA Xin—ji-
an, et al. Analysis of the Influence Factors of the Light—
Small Supersonic Fluidic Element[]J]. Journal of Propul-
sion Technology, 2019, 40(3): 525-531.)

Davis M J, Skodje R T. Global Sensitivity Analysis of
Chemical-Kinetic Reaction Mechanisms: Construction
and Deconstruction of the Probability Density Function
[J]. Journal of Physical Chemistry A, 2011, 115(9) :
1556-1578.

Cinnella P, Gloerfelt X, Merle X. Direct and Inverse Un-
certainty Quantification of Acoustic Refraction Phenome-
na Through a Shear Layer[ R]. AIAA 2015-2675.
Platteeuw P D A, Loeven G J A, Bijl H. Uncertainty
Quantification Applied to the k—Epsilon Model of Turbu-
lence Using the Probabilistic Collocation Method [R].
AIAA 2008-2150.

Li H, Zhang D. Probabilistic Collocation Method for
Flow in Porous Media: Comparisons with Other Stochas-
tic Methods [J]. Water Resources Research, 2007, 43
(9): 1-13.

Eldred M, Burkardt J. Comparison of Nonintrusive Poly-
nomial Chaos and Stochastic Collocation Methods for Un-
certainty Quantification[R]. AIAA 2009-976.

Xiu D, Hesthaven J S. High—Order Collocation Methods
for Differential Equations with Random Inputs [J]. SIAM
Journal on Scientific Computing, 2005, 27(3): 1118-1139.
EU ) QR O o1 D B O N =R DO S DB B
Wil Je P RE S B S (0], 3T 5 ) Sk, 2019, 39
(5): 73-76.

(/. L E4r)



