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Pressure characterization of the pre-stage of jet pipe servo valve

YIN Yao-bao, WANG Yu
(School of Mechanical Engineering, Tongji University, Shanghai 200092, China)

Abstract: In order to analyze the characteristic of high jet pressure of jet pipe nozzle in
the jet pipe servo valve, a pre-stage jet pipe servo valve mathematical model was established
to get the impact of the jet pipe deflection displacement, the radius of jet pipe nozzle and the
radius of receiving hole on its internal fluid pressure, nozzle exiting velocity and recovery
pressure in the left and the right hole of receiver. Flow field analysis found that vortex was
prone to occur at high velocity jet exit, and there existed annular negative pressure effect.
The results showed that: under high jet pressure, when the radius of jet pipe nozzle in-
creased, the recovery pressure increased, and when the radius of receiving hole increased,
the recovery pressure decreased. The best internal value of the ratio of the radius of receiving
hole to the radius of the jet pipe nozzle was [1.3, 1.5]. When jet pipe deflection displace-
ment increased, on the side of displacement increase, the effective recieving area between the
jet pipe and the receiving hole increased, but the vortex between the jet pipe and the receiv-
ing hole expanded and the annular negative pressure effect of the flow internal field in-

creased, and the recovery pressure of the receiving hole decreased.

Key words: jet pipe servo valve; receiver; recovery pressure; vortex;

annular negative pressure effect
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Fig. 1 Structure of jet pipe servo valve
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jet pipe servo valve
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Table 1 Parameters of jet pipe servo valve

2% Kl 2% Bl
ps/MPa 10 C; 0.95
p:/MPa 0 o/ (kg/m?) 850

o/ () 17.5 7 /mm 0.15

C, 0.97 r,/mm 0.15
0.08 - 1r=0.15 mm, »=0.18 mm

2r=0.15 mm, r,=0.15 mm
3 r=0.18 mm, ,=0.15 mm

0.07
0.06

m’

J/m

0.05F

A

0.04 -
0.03
0.02 -

FECATTRA

0.01F

0 L 1 fie L L 1

~0.15 -0.10 005 0 005 010 015
S L (S (ELY /mm

B4 Bl R 1 il 2

Fig. 4 Curves of receiving area variation

1 r=0.15 mm, r,=0.18 mm
10 2 r=0.15 mm, r,=0.15 mm
3 r=0.18 mm. »,=0.15 mm

YR H1p,, p./MPa

—u—p!

U - L Il 1 i I

-0.15 -0.10 -0.05 0 005 010 0.15
S LAY fmm

Bl 5 AR )8 fe il £

Fig. 5 Curves of recovery pressure variation

HIE 4 PRl ZR 1.2, AT RLAS Y i 48 4k T
AL I 2 A WL B e W T BRR 45 5 SRR O A%
(EIE R PN AL i e AL Z B AL /AL R
Fe i AR AE D A A R X

HIE 5 g2 1,2, AT RAAR - S b 7



3062 o = 3

PRI 30 %

T FRCAS Ae A FEMCFL B ST AR 45 L 3l
I 2 A S D AR S L SRR A A B (R KL A A
PP MSCAL K A2 e 7 77 A B S 1) A A DX 7
AL AR o A BT B AR HER
(VS b NS e o S N 7 R e
A B 48 0 3 E B e WL b B Sl B3
S U I AR s SR R AT AR R R s
TN A S PR 2.3 T LAE R
B EAR ro A A RN ARy 3R
PSS A P G G O AR T A [ e i AR
F14 S8 el A 220 % {EL R SR AR s SRy i s
L W] 5 52 T 0N

B 6 nth T FMAKE T po BEHEACAL R 12
5500 I A B 2 AR 2 L R R Al R R ALK
SR ML A2 5 B B AR Z L & AR
PEIX 0. 55 1. 4 15 Bl /il 3, £ A8 Al IX i) (1. 4,
2 VIR 3 O B AR S A A I R 6 A A
WK T3 R i Y 50 %6 B LA AR 5 5 R
WA Z L b S AEBUE X Y [1. 3.1, 5],

10 -

oo
™ T ™

Z AR 5K S1p, /MPa
a

0.,6 0f8 I.IO 1.‘2 I.I4 If6 Ii8 2:0
PRl LR S AT i A Lk
6 ALK AR ) B L A AR A5 5 U M R AR
Z AR £2
Fig. 6 Curve of zero recovery pressure variation with
the ratio of the radius of receiving hole to

the radius of the jet pipe nozzle

3.2 RBAW

T 7E 2 37 FeE BRI 20 T A S IR
A Z Ak, ik Bt N7 CFD Ji 3 5 1., i
— A AT S A 5 WU A R i 1 . R
Ansys BAFBFFE 5 008 A [ B A6 5 I 4 4]
IR 1) T 2 PR T A G O S AN L 7 TR i 4G
R TRY  Rl G P . ST 3 ) e R 1 = B2 454 2
B B W S 42 1, =0, 15 mm, 2247 B AL
M H WAL Z B G E B+ = 0. 15 mm. i &
A SR R TR L % B A 850 kg/m” L i AK Bl 1 b

BER 0.0085 Pa « s Yt A& Ui 2l R A& A i Uit » R
Fe-e it AR RL., i F AR BROE W A AR )ik
Bt (20 MPa) , th H 2 s 1 1 5 (0 MPa) , HoAr 3558
BETH 1 5L, 7 W% PR It AR 55 BE T Ay A S 4, BE THT I
hy 2 PRRETH] L RE T ) SR 0 RS o BE T S WSOk

ZREE R 1X107°,
ﬁ

TSI A A I X A A TR

Fig. 7 Mesh model of jet pipe servo valve

L |

L BN | b
! o] X

Pl 8 7 Hh T IR A i A% B 0 mm I )
AP NP 8 AT LAFE - [ I 6 5 I 4 1 i AL
B 23 IT ti SR T B A8 SR S AR Z X
SR B i /IMEL R A WAL S T KR AR E
SRCAE R B T sh i fE— 2

TRC

B8 B AL M 0mm i IR 1 45 £k 1R
(K0 : MPa)
Fig. 8 Pressure contour at jet pipe deflection

displacement of 0 mm (unit: MPa)

B9 /R th T PR3 1k A A2 s g e A
UL D A% LS AL 2. ICIET 9 ] DU AR T
BT AR IR A I 3 AR A e — B0 B R S
(3G R BCA R IR R R 15 CFD 35
PRI T 3 2Z 2238 K S 78 A 2% (Lol /) o B A
TR E L )5 CFD 3R IR ) 1 22 M8
BEN T ARVFRIIRZETE F AL



%12 TR 5 < 970 R T 8 9 1 5 44 3063
) o BUEEAh L, .
Y o LD, 4 &£ i
———— A CFD”“?R,DI T =
8t I S CF[)[H]?,Qp: /,.--" e fet f= ] S B 4 o b Rl 2% AR 7
s _'_;j-\\ 5 il — 1) S50 48 Ar) IR 1R G B 0 . T ol i 2 A A
A P

(=2}

PRI S1p,, p./MPa
CRS
\t\{ /
7
/

B
sy u
-~ \}\\\“\‘

L

(] L L 1 i
-0.15 -0.10 -0.05 0 005 0.10 0.15
SRS S (LY /mm

9 WEENTRERILE
Fig. 9 Comparison of different computational results

of recovery pressure

B10 7 i 7 S R A X5 = 0,0, 025,
0.05,0.075,0.1,0. 15 mm B (1) 3 FF 2% 5 & A e
RS KL BB 10 Ry 6 K ERERIATLLA
s TE A RSN S 5 He iR = Ja) DX
EE B TE A L T R I AT TS U T RE R O AR R X
W Re . S BUN T RE S BRI 7 AR T IR R AL
IOE s i A 5 WA A BB R AL KO T D BRI 3R
AR E RN« 2K S T BEAR A — A F2 25

fiEifa ik

FINA
(a) X=0 mm

(b) X=0.025 mm
W e = —=
T2 AN LR

P — N

(c) X=0.05 mm (d) ,‘('I=0.(J?5 mm

Ll | .
el e e | e I
C —— = ';'.‘,--““"z_ —r »\_g: i | = e

rr i

(e) )s:=0.| mm (f) .\;=0. 15 mm

B10 R B S R IR A

Fig. 10  Velocity vector and vortex

S R A 1 0 mm B S O 4
R TR AR S AR 104 5 S I O B (B K A e
AP BRGS0, 38 s A 303 9 /)N o PR AR £
FE RGN Wk /N, 25 & B 8 Wl LA L 7E 41k R
10 MPa B, 55 345 I B (B3 K 22 e i 4 K R R
R A5 1 A S O A R (LRI A T AE /N
B7 R N IAEY S QIR AN 8 7 N S GV SN DR = R
T.CFD IR MR E R ) 5 8es B A Rk &
JE 1 KR ZEAE 2 MPa i 45 « 76 3R AR 97 1 5500 %5
AINPAE DL B RIRZEAE 0. 5 MPa 2247, Wi AJ 1
TE 2% IR AR T8 163 7461 2% 1) 155 00 T A 3 B2 A
R TH R4 R 22 5 1 s A

S 1T 3 A 4 A A A R AR 8 S0 A T
PEAT R BELEA S RO et 5 ik

2) S U A I I A AR 0 O e WL 4 Wi T AR Y
R MRS Hs 738 R s 5 AL AP AR R 3 £L 12k
T AU AR AN AR KA T Ty i) B AL A2 15 A
WA Z L kB R R X T O 1.3,
1.5

3) 5 I A WM AR AF T A AL R AR
I SO 9 H A e 2 B A A S AL e 3 7 A T R
RGN 3K FOR A B R R B CFD 35
PR P A2 T 3 i s 4 L DA 5 A 9L A i % 18 K 59
U ER AR T 77 BB 57 2800 384 o 0 52 g e
R B R A0 . 2% 45 R O — A5 23 M S O A AR Al
IR 16 7= A By 2% AR SR AL T FIE B Al

S UMk :

[1] Maskrey R H, Thayer W J. A brief history of electro-
hydraulic servo mechanisms[ J]. Journal of Dynamic Sys-
tems, Measurement and Control,1978,100(2):110-116.

2] [EMREOR. R #1529 A ] IR B8 S B E AR LML 1
i« LR R BOR AL 2012,

L3 Jrfe. dis. vl v qm) A iRl i 2 JR8 I o2 SR 9 BOIR DA B K e e

LI ML 5 3% ,2007,35(11) : 162-165.
FANG Qun, HUANG Zeng. Developing process, research
actrality and trend of electrohydraulic servovalve[J]. Ma-
chine Tool and Hydraulics, 2007, 35 (11); 162-165. (in
Chinese)

L4 EIREREME KA 45, 56 I 48 1) R AR 7E & 2l IR B2 4%

il i L] AR db R % % 4R B SR B i, 2009, 30
(10):1485-1488.
WANG Zhaoming, QU Lipeng, ZHANG Dong, et al. Ap-
plicationof jet-pipe hydraulic servovalve to temperature
control of aeroengine[ J]. Journal of Northeastern Univer-
sity: Natrual Science, 2009, 30 (10): 1485-1488. (in Chi-
nese)

[ 5] Somashekhar S H, Singaperumal M, Kumar R K. FE ap-
proach:electro-mechanical-fluid interaction of jet pipe elec-
trohydraulic flow control servovalve[ R]. ASME 2003 In-
ternational Mechanical Engineering Congress and Exposi-
tion IMECE2003-42384,2003.

[ 6] Somashekhar S H, Singaperumal M, Kumar R K. Mathe-
matical modelling and simulation of a jet pipe electro-hy-
draulic flow control servo valve[ J]. Journal of Systems and
Control Engineering,2007,221(3) :365-382.

[ 771 Henri P D, Hollerbach ] M,Nahvi A. An analytical and ex-
perimental investigation of a jet pipe controlled electro-

pneumatic actuator [ J]. Robotics and Automation, IEEE



3064

i %30 &

[8]

L9]

L10]

[11]

[12]

[13]

[14]

Transactions on,1998,14(4) :601-611.

Krivts I L. Optimization of performance characteristics of
electropneumatic( two-stage) servo valve[ J]. Journal of
Dynamic Systems, Measurement, and Conrtol, 2004, 126
(2):416-420.

Kawashima K, Youn C,Kagawa T. Development of a noz-
zle-flapper-type servo valve using a slit structure[ ] ]. Jour-
nal of Fluids Engineering,2006,129(5) :573-578.
Anderson R T, Li P Y. Mathematical modeling of a two
spool flow control servovalve using a pressure control pilot
[J]. Journal of Dynamic Systems, Measurement and Conr-
tol,2002,124(3) :420-427,

El-Araby M, El-kafrawy A, Fahmy A. Dynamic perform-
ance of a nonlinear non-dimensional two stage electro-
hydraulic servovalve model [ ]J]. International Journal of
Mechanics and Materials in Design,2011,7(2):99-110.

B TTRE L e) A 3. 5 AR IR BRI LT ] W S RS
1996,20(3) :6-8.

ZENG Guangshang., HE Youwen. The development of the
jet pipe servo valve[ J]. Journal of Chinese Hydraulics and
Pneumatics,1996,20(3) :6-8. (in Chinese)

Wewe e, b B IR L S IR D R RR T (T . A
i F2% 4R . 2002,23(4) : 56-59.

YAO Xiaoxian, DU Min, LIANG Zuobao. Study of pres-
sure character of jet pipe valves[]J]. Journal of Projectiles,
Rockets, Missiles and Guidance, 2002, 23 (4): 56-59. (in
Chinese)

BB 7R S S U A A IR I G O A R 2 1 IR
YifgAr[J]. MUR S5 % . 2008,36(10) : 129-131.

[15]

[16]

[17]

[18]

J1 Hong, WEI Liejiang, FANG Qun, et al. Investigation to
the flow of the jet-pipe amplifier in a servovalve[ J]. Ma-
chine Tool and Hydraulics, 2008, 36 (10): 129-131. (in
Chinese)

Wi 1) W i B R . TP L R IR R DL M W R Al 1R A O 0
BT s E LB TR, 2012,40(16) : 1951-1956.
LU Xianghui, GAO Dianrong. Calculation and analysis of
internal flow field of a double nozzle flapper valve of two-
stage electro-hydraulic servo valve[]J]. China Mechanical
Engineering,2012,40(16) :1951-1956. (in Chinese)
TR s R A 5 S AT SR G VAL A 1 S O ) IR
WFFELT ). ALK 53 52006 ,34(9) : 130-131,120.

LI Songjing, SONG Yanwei, NIE Boxun. Experiments
study on jet-pipe servo valve with magnetic fluid[J]. Ma-
chine Tool and Hydraulics,2006,34(9):130-131,120. (in
Chinese)

BRERAN AR E N SUL L 55 8 RE BOM 4 AT 4 9K 3l 1Y
Al I I 2 BOpE A [T 0. o 28 2% 4k, 2011, 32 (7) : 1336~
1344,

LI Yuesong,ZHU Yuchuan, WU Hongtao, et al. Parame-
ter optimization of jet-pipe servovalve driven by giant mag-
netostrictive actrator[ J ]. Acta Aeronautica et Astronautica
Sinica,2011,32(7):1336-1344. (in Chinese)

DR SRS Wt ] R 0 5 & A 43 e (D). W 3l 5 8
#.2012,36(2) :68-73.

YIN Yaobao. Analysis of foreign patens of jet pipe ser-
vovalve[ ] ]. Journal of Chinese Hydraulics and Pneumat-

ics,2012,36(2) :68-73. (in Chinese)

(&R A



