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Research on Radial Forces for Hydraulic Slide Valves Caused by Bernoulli Effect
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Abstract: To analyze the radial pressure distributions and influence factors of hydraulic slide
valves, a visualized model of valve internal fluids was established by CFD software Fluent. The calcu-
lations show the distribution has close relationships with the sizes of notch, flows of entrance, aspects
ratio of groove cut and the angles of input and output oil passages. The larger the size of notch is the
larger fluctuate of radial pressure will be. The larger the flow of entrance is the smaller aspect ratio of
groove cut and the larger fluctuate will be. The distribution become more stable under the 180° angle
of input and output oil passages rather than the situation of 0° and 90° at x =0 section. Meanwhile, the
circumferential pressure functions and distribution of inlet middle section and axial pressure functions
were established by segmentation according to Bernoulli effect to verify the reliability of the simulation
model and results. Finally, the influencing factors and distribution of clamping forces caused by the
unbalances of radial pressures and radial steady-state fluid forces were analyzed.
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Fig.1 Section plan of slide valve
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Tab.1 Parameters of slide valve main structure mm

REIN K (TEEER | WEAKE | EETEE | HOER
L, dy Ly dy d,
7 11 7 6 6

2 WHEREKD N FEH TR
BT
20/t + ¥+ (pv) = 0 D
BT
Ipv) /It +v V(ov) = of —Vp +pp Vv  (2)

2 RE=ZHMIE
Fig.2 3D mesh of the fluid

Pa

. 031 X 10°
. 029 X 10°
. 027 X 10°
. 025 X 10°
. 023X 10°
021 X 10°
019 X 10°
.017 X 10°
. 015X 10°
.013 X 10°
L0113 10°
. 009 < 10°
. 007 X 10°
005 X 10°
. 003 % 10°
. 001 X 10°
.999 X 10°
.997 X 10°
.995 X 10°
.993 X 10°
.991 < 10°

B3 EhzE
Fig.3 Pressure contour
PRUE ke it Ui 7 72 -
d(pk) /It + Ve (pvk) — Ve (I, V) = p —pe (3)
d(pk) /It + Ve (pvk) — Ve (I'. V&) =
Z—(C,lpk —C.o00) D
Fk:/l+/li/0'k Fr:#+#i/6r
Ko RS v S H LR 45 f AR TR 5 L S5
TR IRIR D R s p MR 13k i B fiEse R AE IR
DT ARGy IS IR s S J5 81 8930 J1 %
Esi = x»y’Z;Crl NONIN-JIN- . ﬁ(ﬁoﬁ*ﬁﬂ#ﬁo

3 7B CFD 1§ & 4 % - #r

3.1 E&#®

T RS RS AR 18] T 3 B AT I B0 B i TR
ROCE TAFER DI TR A B R R
I BT LA B 3 1 ol 7 e AT AT Y, R R R 2
fios .

*®2 (hESH
Tab.2 Simulation parameters
|0 FFE 2 (mm) 0.2,0.5,2.5,5
H 1 ) (MPa) 1,5,8
AR gvi(L/min) 20,60
HEIRERE W e/dn 0.18,0.36,0.73
A A A AE A ) 0,90,180

* 2333 -



i E LA T FRAS 28 #2465 19 1) 2017 4F 10 A E2E A

32 fHEH&R

Bl B 5 A Tecplot, £l x = 0.2 =
3.5 mm M = =15.5 mm =~/>F T &0 A5 S 1Y
JE I3 A OGS 7 B W 4 TR . A Excel i
A8 IC Bt & A e, Hoh7E » =0 #im k3K
SBCAR s s m] T A RSy T T B AR ) s
AR (B 42) o 7E = =3.5 mm Ml e =15.5 mm
A AR U e S (E L A4b) w] i F i 11 A
W5 [5E] J] 7 1) B4 48 o) T g B AN S AR O

330° 0° 3p°
300° 60"
] i) 270° 90°
240° 120°

210 IBO"ISO

ks

o

(a)x =0 (b)x = 3.5 mm(A-A).

z = 15.5 mm(B-B)
B4 HREBXEENHNSMCE
Fig.4 Pressure position to obtain on the valve core
5 ~ (&1 7 R JURR O BAS R AR5 69 1R 1 4y
Ay 26 2R F = A AT b BRI e g i AT
AHOC A FE 7 A B BAR T R
(D) A & =0 #f bR T 4a b LS HE
F <7 1Y T 9 26 % 0 €D Y T ) 4% 3
x =0 WA b e AR 1] R 22 H)
Ap.—o = px— pa )
(2)2 =3.5 mm # i Ml 2 =15.5 mm # [ 53 31
SEA F AR R R A-A R F AR A A R T BB,
WP AL Frs . 45 FR 30° AR IO AT b A T ) (i Dk
Faz i b 12 A g T3 89 B E AT E A 19 R

22434, Bl
Ap 350155 = Po=0".30°,.330° *;’ 6
B 1o
n oy

Kl 5a F/RTE v =0 WIXTARIE L. 1| 10 FF B A
A BT B N PR ) 22 40 A 1Bl 5b K
JNTE = = 3.5 mm #HAL . B0 8 )] 5 1) Fe ) 25 43
M. K 6a Fom b 0 KA FIREZ X 2 =0
BT A 0 R R ) 2543 A B B2 R L [ 6b R
TE 2 =15.5 mm &b , A [FRAS LT IGE AR 1] s ) 22
W E ol . 7 o HE Il 2 s (R e ol
0°.90° A1 180° T W ith 42 ] J& 1 AN ¥ 20 iy o A
R
33 HESERAW

Kl 5a HAE o« =0 #ImAL , A H 42 ] J5 [n] /Y
JE 1 2553 A J ARG A 5 3, I AR X el v AR %€

.+ 2334 -

0.12 0.6
& 0.10 0.5 &
= 0.08F}F 0.4 =
~ ~
a 0.06 F 0.3 =«
R 0.04 0.2 R
B o002 0.1 %
2 0 0
].l_
e —0.02 gy 1o
‘g -0.04 F -0.2 E
5 -0.06 | -0.3 3
g -0.08 / 0.4 2
-0. 10 M " N " M L L Ly 0.5
0 2 4 6 8 10 12 14 16 18 20
z/mm
(a)x = 0 A
e 012 0.8 s
E 0.08 0.6 E
5 0.4 =
R 0.04 =
H 0.2 14
= 0 =
= u e
E -0. 04 0.2 g
E
:3 -0. 08 -0. 4 :l“
I " . ) . ) b o
W i, 60 120 180 240 300 36008 @

AEEQ/C)
(b)z = 3.5 mm #

l.xy = 0.2 mm,qv; = 20 L./min

2.xy = 0.5 mm,qgv; = 20 L/min

3.xy = 2.5 mm,qv; = 20 L./min

4.2y = 5.0 mm,qvi = 20 L/min

5.xy = 0.2 mm.qgvi = 60 L/min

6.xy = 0.5 mm.gv; = 60 L./min
Bs FRAODARANDRE THLKEHHTE
Fig.5 Pressure distribution of related points under

different openings and different inlet flow
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Fig.6 Pressure distribution of related points under

different outlet pressure and aspect ratio of groove cut
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Tab.3 The peak value of pressure difference under

different valve opening and inlet flow
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0.2 20 0.123 0.130 0.06

0.5 20 0.099 0.130 0.042
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Fig.8 Velocity vector diagram and pressure contour

at z = 3.5 mm section
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