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Cavitation Phenomena and Performance of 0il
Hydraulic Poppet Valve*
(3rd Report, Influence of the Poppet Angle and 0il

Temperature on the Flow Performance)

By Shigeru OSHIMA** and Tsuneo ICHIKAWA®**

The .influence of the poppet angle and the oil temperature on the flow
characteristics and the cavitation phenomena of an oil hydraulic poppet valve
are 'studied experimentally using a half cut model. The following results are
obtglned. A change of the poppet angle has great effect on the pressure distri-
but{on and the flow contraction degree in the restriction between the poppet
surface and the valve seat. Hence a remarkable effect of it appears on the valve
performances especially when the chamfer is on the seat. The effect of the oil
temperature is explained generally by a change in viscosity and Reynolds number.
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on the flow performance of a poppet valve

1. Introduction as a result of the experimental study
using a half cut model in the previous
first report “ . And the influence of the
chamfer length on the cavitation charac-
When o0il flows through the restricted teristics and the flow performance has
parts such as valves at high velocity, been investigated in the second report ® .
cavitation happens and causes many Now, this third report presents the
problems. ’ results of the experimental study con-
Many works have been done concerning cerning the effects of the poppet angle

A large number of chokes and valves
are used in many oil hydraulic systems.

the cavitation in the cylindrical chokes,
in which the influences of cavitation on
the flow characteristics or the effects of
dimensions and forms of the chokes on the
cavitation performance have been investi-
gated . Also the effects of difference
of the oil and the chokes materials on the
cavitation characteristics have been
studied in a recent work “ . However,
there have been few works concerning the
cavitation in the hydraulic valves. KEspe-
cially, for the poppet valves, authors
have never known any studies except for
the works by Aoyama et al. ®. As the
factors which have major effects on the
performance of a poppet valve and cavi-
tation phenomenon, the length of chamfer,
the poppet angle and the oil temperature
are considered. Several experimental
results have been reported by Aoyama et
al. concerning the effects of the chamfer
length and the poppet angle ©% .  There
have been, however, few works about the
effect of the oil temperature except for
the cylindrical chokes ®®®

Authors made c¢lear the occurrence
process of the cavitation and its effects
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and the oil temperature on the flow per—
formance and the cavitation character—
istics of a poppet valve by using the same
method as in the previous reports.

2. Method of Experimentation
and Arrangement of Results

The test apparatus and the method of
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Fig.l Important dimensions of the
test valves
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measurements are the same as in the
previous reports @® ., The structure of
the half cut model is shown in the first
report @ . The hydraulic circuit and the
definition of the characteristic coeffi-
cients used in this paper are given in the
second report © .

The important dimensions of the test
valves are shown in Fig.l. The vertical
angle of the tapered surface of the
chamfer is the same as the poppet angle 2¢
in every case. For the purpose of studying
the influence of the poppet angle, the
flow characteristics, critical cavitation
number, pressure distributions and cavi-
tation noise are measured changing the
poppet angle 2¢ in 90°, 60° and 45° for
the both valves with no chamfer and 1.2 mm
chamfer on the seat. Valve lift z is set
at 0.8 mm, 1.131 mm and 1.478 mm respec—
tively for 2¢4=90°, 60°and 45° for the
purpose of setting the restriction height
h (=zsin¢) at 0.566 mm in every case. Oil
temperature is held at 40+1°C during the
test.

Besides, for the purpose of studying
the oil temperature, the same measurements
as above are carried out at §=25°C, 40°C
and 55°C using the valve with 2¢=60° and
S$=1.25 mm. In addition, in order to study
the influence of the poppet angle and the
chamfer length on the valve performance
which depends on the o0il temperature
change, the discharge coefficients and the
critical cavitation numbers are measured
at various oil temperatures between 25°
and 55°C in both cases of changing 2¢
with S#1.2 mm and changing S with 2¢4=60°.

The hydraulic oil used here is the.
same one as used in the previous report.
Table 1 shows the density and the viscosi-
ty of the oil at each temperature. The:
critical pressure for air separation is
approximately the same as reported by
Hibi @.

3. Influence of the Poppet
Angle

3.1 Case of the diverging flow

Figure 2 shows the change of the
noise level N, discharge coefficient C and
the representative pressure P,. in the
restriction when the downstream pressure
P, is gradually reduced with the upstream
pressure P, fixed at 5 MPa(abs.) for three
different poppet angles 24=90°, 60° and
45° C is shown for S=0 mm and S31.2 mm
while N and P.. are only for S:1.2 mm.
P.. 1is the pressure at a particular point
on the valve seat where the most clear

Table 1 Density and viscosity of the oil

Temperature | Density | Viscosity
8 °C p Kg/m? u Pa.s
25 864 10.1 x1072
30 858 7.55
35 854 5.77
4o 851 4.60
45 848 3.59
50 845 2.90
55 841 2.37

pressure reduction appears with an
increase of 4P in the restriction. The
pressure F,. measured at 0.2 mm inside of
the restriction from the entrance is
plotted in the case of 2¢=90°, and P,
in two other cases. The mark of p* in Fig.2
indicates the cavitation inception, [ and
(™) show the cavitation occurrence at the
entrance corner. Incipient cavitation
occurs just behind the edge of the re-
stricted part in the case of S=0 mm. On
the other hand, the cavitation inception
occurs far downstream of the restriction
and then cavitation appears also at the
entrance corner after that in the case of
S%1.2 mm.

C: indicated by thin lines in Fig.2
show the discharge coefficients calculated
by the following equation with S$#%1.2 mm,
and these coefficients indicate the dif-
ference of the flow contraction degree
among the three cases.

C=Q/ {ar(x W2(Pi— P, )} ...l (1)

where Q is the volumetric flow rate, ai(x)
the flow passage area at the entrance of
the restriction. Figure 2 shows that C. is
smaller as 2¢ is larger, which suggests
the contraction is stronger in the re-
striction. This tendency is caused by the
difference of the flow bending angle at
the entrance corner. The values of C show
the same tendency in the case of S=0 mm.

It is understood that the contraction
of the streamline is weakened by the
existence of the chamfer, because C. is
larger than C of S=0 mm in the range of no
cavitation. This fact is clearer as 2¢ is
smaller. As 2¢ is larger, ¢ becomes large
in spite of the smaller C. because the
pressure falls more sharply just behind
the entrance of the restriction.

P1=5 MPa(abs.) 901}
N N
{6c®
C=CQIP1/AP,/C'0=O.766
0.815 470
<
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"""" &
566mm 73 .
o
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®@--- Cav. at the
Entrance Cormer 41
Pg.2
L 1 0

0 1 2 3 4 5
ap (=P}—Pz) MPa

Fig.2 Flow characteristics
* (diverging flow)
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C. falls sharply with cavitation
occurrence at. the entrance and becomes
equal to C obtained with S=0 mm and P=0
MPa(abs.) in the case of 2¢=90°. Namely,
it is suggested that the flow separates
completely from the seat at the entrance
and the contraction degree of stream 1line
is nearly the same as in the case of S=0
mm. Even with the cavitating condition,
the contraction seems to be weakened since
C. 1is larger than C of S=0 mm when 2¢ is
small. The fact is understood also by
comparison of the results obtained by the
equation C=Cw/PjdPp ® with the meas—
urements in Fig 2. (¢ is smaller as 2¢ is
larger when the cavitation occurs at the
entrance, and the tendency is the same as
the case of S=0 mm.

Cavitation occurs at less 4P and
the saturation of flow rate appears more
clearly as 2¢ is large in the case of
S+1.2 mm. It is also noticeable that the
noise level with 2¢=90° is higher than in
the other two cases.

Figure 3 shows the critical cav-
itation number against the change of
Reynolds number R: with a constant % and
several different values of 2¢. Both
limits to the inception and the occur—-
rence at the entrance are shown with 2¢
=90° , 60° and 45°. The curves above in
Fig.3 show the data for S=0 mm and the
under curves show those for S:¥1.2 mm.

K. is larger as 2¢ is larger, but the
difference is not so clear in the case of
S=0 mm. It is considered from the result
of the pressure distribution, of which
data are not shown here, that there is not
so large a difference in the downstream
pressure condition that -it has great
effect on the cavitation inception.
Namely, though the difference 1is clear

Cav. at the

Cav. Entrance
| Inception Cormer fég
0.8+ . - 90: Seat
o [ ——b-- 60 NO. Smm
X —0— —-0-- 450 1 0
0.6f
0.4r
0.2r
o S mm
0 b #=0.566 m 90° 3 1.32
P 8=U40 °C 60° 6 1.25
1.0
g L
0.8r
0.6
-
0.4r
0.2r
r 1 1 1 — 1 1 L
0 106 600 800 1000
h [2AP
¥ (=1 /el
Re*( o

Fig.3 Critical cavitation number
(diverging flow)
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among the pressure distributions in the
upstream region, the pressure is equal to
P, just behind the restricted part in
every case.

On the other hand, both the critical
cavitation numbers for the inception and
the occurrence at the entrance show a
clear tendency to become larger with an
increase of 2¢ in the case of S%1.2 mm.
Namely, the change of 24 has great effect
on the cavitation occurrence when the
chamfer is on the seat, because a great
difference  is produced in the pressure
distributions by a change of the corner
angle at the entrance and an expanding
range of the flow passage in the restric-
tion according to the change of 2¢.

The difference between the critical
cavitation numbers for the inception and
the occurrence at the entrance is small in
the range of small R:!, and it is large as
2¢ is larger with a fixed R:.

Figure 4 shows the pressure distrib—
utions measured along the seat surface.
Both results under the cavitating and the
non—cavitating conditions are indicated.
Since the pressure reduction is greater
Jjust behind the entrance of the restric-
tion and less great in the upstream region
as 2¢ 1is larger, the pressure drop
gradient is very steep near the entrance
of the restriction. On the other hand,
since the pressure reduction due to the
stream bending at the entrance corner is
less, the pressure lowest point moves to
the inner part and the pressure reduction
becomes greater in the upstream region,
the pressure drop gradient is gentle near

the entrance of the restriction with a
decrease of 2¢ . These results make clear
the effect of 2¢ on the flow character-
istics and the limit to the cavitation
occurrence.

Seat
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|P1=5 MPaabs.)  _,_90° 3 1.32

~5 o 60° B 1.25
§ o 450 9 1,17
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% - . No Cav.  p,=3.04 MPa(abs.)
3 RIS ks OO
(AP=1.96 MPa)
2
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Fig.4 Pressure distribution on the
valve seat (diverging flow)

i\

\

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

746

3.2 Case of the converging flow

Figure 5 shows the flow character-
istics with reduction of P. under the
constant P,=5 MPa(abs.) in the case of a
converging flow. The symbols used in Fig.5
are the same as in Fig.2, and the mark ¥
indicates the desinence point of cav-
itation. (. is calculated by the following
equation.

Ce=Q/ {axx W2(Pi—Pox)fe}  «veen- (2)

where @:(x) is the flow passage area at
the entrance of the restriction in the
case of the converging flow.

The incipient cavitation occurs far
downstream of the outlet of the restric-
tion, and then cavitation appears also at
the entrance with a more reduction of P
in the case of 2¢=90° and S%1.2 nm. On
the other hand, cavitation inception
occurs suddenly at the entrance with a
light shock and the pressure falls below
the atmospheric pressure in the restric-
tion, the flow rate increases discontin-
uously and saturates to a constant value
in the case of 2¢=45°. The same tendency
appears in the case of 2¢-60°. There is a
hysteresis between the inception and - the
desinence of cavitation. It appears more
clearly in the case of 2¢=45°. The same
phenomenon has been reported in the cylin-
drical choke “V. We have found that the
same discontinuous change happened also
in the case of 2¢=90° when S was shorter
than in this case.

C. is larger than C of S0 mm in the
range with no cavitation. (. is larger as
2¢ 1is larger in contrast to the case of a

r 100
5=0 m| 2¢ S mm

—— | =% 90° 1.32

P2, Po-1 MPa(abs.)

@™ Cav. at the
Entrance Cormer:
% ---Cav. Desinence;

AP (=P,-P,) MPa

Fig.5 Flow characteristics
. {(converging flow)

diverging flow. C. falls discontinuously
with cavitation occurrence and becomes
equal to C of S=0 mm with P.=0 MPa(abs.)
in the cases of 2¢6=60° and 45°. It
suggests that the contraction degree of
the stream line is nearly the same as in
the case of S=0 mm. However, an extreme
pressure reduction in the restriction
induces a discontinuous increase of C even
with a strong contraction.

The discontinuous flow increase
appears also in a sharp edged seat valve
with 2¢=60° and 45°. There is also a
hysteresis between the inception and
desinence of cavitation with 2¢4=45°,
Though the data of pressure distribution
are not shown here, the discontinuous
pressure drop in the range of 0.4 and 0.6
MPa below P, happens just behind the
restriction on the valve seat side. In the
case of small 2¢, the poppet surface and
the valve seat wall form a narrow ex-
panding clearance between them in the
downstream side, 1in which the choking
phenomenon happens partially in the same
way as with the chamfered valve. Since the
choking is not complete, the flow
increases slightly with 4P.

The noise tends to be greater as 2¢
is smaller, especially a loud noise in-
cluding metallic sound happens with cavi-
tation occurrence and severe jet turbu-
lence in the case of 2¢=45°.

Figure 6 shows the limit to the
cavitation occurrence. K. is larger as 2¢
is smaller in contrast to Lhe diverging
flow. The difference is not so clear in
the case of S=0 mm.

In the case of S:1.2 mm, there is a
large difference between the critical
cavitation numbers for the inception and
the occurrence at the entrance with 2¢=905
but there is little difference with 2¢

=45°, The limit to the inception has a
Cav. at the
Cav. Entrance
Inception Cormer 20
—— --¢--  9Q°
F —o— --4--  60° Seat
0.8F _o— --b-— lLg5° NO. Smm
Q L 0
2
0.6F
Q.41
I Seat
0.2f 26 _NO. Smm
L #=0.566mm 90° 3 1.32
ol8=b0"°C 60° 6 1.25
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Fig.6 Critical cavitation number
(converging flow)
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maximum and the difference between the
inception and the occurrence at the en—
trance becomes large between RI=500 and
600 in the case of 2¢=60°, The dif-
ference disappears almost when R! is
larger than 700. It is understood that the
limit to the cavitation occurrence at the
entrance is particularly influenced by a
change of 24 in the converging flow.

Figure 7 shows the pressure distribu~
tions along the valve seat. As 24 is
less, the angle of the flow bending at the
entrance corner becomes larger and the
expanding degree of the flow passage
smaller. Hence the pressure reduction
becomes greater just behind the entrance,
and the form of the pressure distribution
becomes similar to that in the diverging
flow. The pressure recovers and becomes
approximately P, near the outlet of the
restriction when the cavitation does not
occur. However, when the cavitation occurs
at the entrance, the pressure falls below
the atmospheric pressure in the restric—
tion and it does not recover easily even
in the downstream region especially with
2¢6=60° and 45°.

The flow reattaches to the valve seat
in the restriction and locally decelerates
because of an expanding of the stream line
under the no cavitating condition. On the
other hand, when cavitation occurs at the
entrance and a choking happens, the flow
passes the restriction without reattac-
hment and deceleration as the flow is
separated completely and the valve seat
surface is covered with cavities. Hence,
the pressure recovery does not happen. It
is considered that a discontinuous change
in the flow characteristics is caused by
such alteration of the flow pattern.

Seat
5 | P1=5 AlV_lgaﬁ(abs.) e %'—%
-~ ! --o--60° 6 1.25
é ‘ PRy, Yoy uso 9 1.17
}Ea’ br ™ No cay. H=0.566m ,8=40°C
R/, P,=3.04 MPa(abs.)
3r TGOt —
) (AP=1.96 MPa)
X !
¥ P,=1.08
1+ ‘i ‘.\T‘,*——.—Q—
3\ ! (4P=3.92)
e
P T e s
-0.5 0 0.5 1.0 1.5
Ar/S
X Poppet Surface
Flow

Valve 9Se6at:3NO Pressure Measured Points
£
\

| ar | s

SR
-

V¢
/ h

Fig.7 Pressure distribution on the
valve seat (converging flow)
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4. Effect of 0il Temperature
4.1 Case of the diverging flow

Figure 8 shows the flow character—
istics with a change in the oil temper-
ature g as 25°,40°and 55°C in the case of
2¢ =60° and S=1.25 mm. The equation and
the calculated curve in Fig.8 are obtained
for 40°C and they are the same as in
Fig.2.

C 1is larger as 4 is higher in the
range with no cavitation, but the dif-
ference becomes very little when cav-
itation occurs at the entrance. The pres-
sure in the restriction P,, is low as
6 is high but there is not so clear a dif-
ference.

Comparing the curves of C., it is
understood that the difference between
them is very clear in the range of small
values of 4P but becomes not so clear when
4P increases. The difference becomes imme-
diately very small when cavitation occurs
at the entrance. (. is the product of the
velocity coefficient and the contraction
coefficient o | It is therefore con-
sidered that the difference of C. depends
on the velocity coefficient as the vis-
cosity of oil changes in a wide range with
# in this case. Namely, the effect of vis-
cosity appears greatly on C. as the flow
reattaches to the surface of the seat in
the range of small values of 4P, while it
becomes less since the flow separates more
completely from the seat with an increase
of 4P. It becomes approximately zero when
the cavitation occurs at the entrance
because the flow passes the restriction
without reattachment such as the flow in
the sharp edged orifice.

Figure 9 shows the limits to the
cavitation occurrence with a change of the
oil temperature for three different values
of 2¢ with S$#1.2 mm and constant 4P=1,96
MPa. K. becomes higher and the difference

g oC 2¢=60° _
=== 25 S$=1.25mm —190 2
ol =0.566 mm 3
=

80

<70

0.7

r..Cav. Inception 41
©..Cav. at the
Entrance Corner ; \n
| S— 1 4 i) 0
0 1 2 3 ] 5

AP (=P)~P;) MPa

Fig.B8 Effect of 9 on the flow charac-
teristics (diverging flow)
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between the limits to the inception and to
the occurrence at the entrance becomes
larger with an increase of 4 and R: .
This fact agrees with the case in Fig.3 of
AP changing with 4 constant.

It is found in Fig.9 that the limit
to the inception of 24=90° decreases in
the range of high R!. Figure 10 shows the
measurements of K. with changing 6 and A
under the same condition as in Fig.9. Ko
for the inception shows a maximum at about
R2 =1000 and decreases immediately to
become equal to K. for the occurrence at
the entrance in the range of R: 21000.
Comparing this with the result in the
second report ® , it is considered that K.
becomes maximum when the flow is unstable
at the boundary condition between reat-
tachment and no reattachment in the
restriction. In the range of higher R:,
cavitation occurs at the entrance in the

1.0
0.9
0.8
2
0.7
0.6
0.5
0.4
0-3r 6—-“&"_/6‘ Cav.
0.2 _.®Tay. Cav. at the
* -
"9 Inception Entrance 2% Smm
L —— - go° 1.32
0.1 Diverging —_— dem 60° 1.25
N L T o e o
0 500 1000 1500
Ll L L L Re*,
253035 40 45 50 55
8 °C
Fig.9 Effect of ¢ and 2¢ on the
critical cavitation number
1.0F 20=90° P} MPa(abs.)
¥l 5=1.32m .00
h=0.566rrm ll.02
W00 y 3.04
= / y o 2.06
0.8+ No Cav./d g 1.08
0.7F 7
&, bt/
0.6F g,é’ #5= Cav. Cav. at the
7 Inception Entrance e;c
y . e 5
0.51 % —0— - 30
—o— --4-- 35
0.4r —— -jr- ﬁg
Diverging - -
0.3 —0— -=0-- 50
% Eléw. oy eebes 55
0 500 1000 1500
Re*

Fig.l0 Critical cavitation number w}th
change of P, and § ( 2¢ =90%)

incipient stage as the flow separates
completely and the flow pattern is similar
to that in the sharp edged orifice. Also
the result of discharge coefficient in
Fig.12 makes clear this fact.

Figure 11 shows the effect of the oil
temperature with change of S. The limit to
the inception is influenced clearly by @
and R:. On the other hand, the limit to
the occurrence at the entrance is not so
clearly affected and the value of K. is
approximately equal to that of S=0 mm. The
1imit to the inception becomes maximum for
S=0.7L mm in the range of little R: and
the maximum point moves to larger S with
an increase of R:. This tendency agrees
with the result obtained with a changing
4P in the second report.

Figure 12 shows the discharge coeffi-
cients with five different values of 4P
and seven values of @ under the no cav-
itating condition. The curves above in
Fig.12 indicat: the results measured with
three different 2¢ with S¥1.2 mm and the

| 2¢=60°
0.8 h=0.562rnn
AP=1. MPa
0.7 ?
2
0.61 No Ca,v.
0.5
0.4y
0.3+ &
3 ’g" Cav. Cav. at the
0.2k “Inception Engrance Smm
. —— 0
—— O, 0.71
0.1} Diverging —— . 1.25
Flow — - 2.37
01-..1;.xxl,‘,-ll
0 500 1000 1500
1 1 L 1 1 IRe*l
253035 40 45 50 55
8°C

Fig.ll Effect of 4 and S on the
critical cavitation number

= 2% gmu
1.0 #0566 m a2 00(125)
L R g 450 (1.17
bo ). m§m~o---g-90°(l-32)
N 4 2¢=60°
. 8.8" p P §=2.37m
0%‘_. / a—a—5=0.T1mm
0.9 =
i R . _e___g_S-Orrm
© 5 @.09—0@-'0' e g °C
0.8F AR esmeip
. o A Q- 30
- 0.28 o a m--35
. 1.47 a1
0.7 ¢ Diverging 1.96 Z : @ 45
Flow 2.5 o a w50
o6l o v vy oo T 8 A 255
0 500 1000 1500
Re*

Fig.1l2 Discharge coefficient with
change of 4, 24 and S
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curves below the results measured with change of 0. It is often experienced in
three different S with 24=60°. practical hydraulic systems that the cav—
1t is understood that the discharge jtation noise and the system pressure
coefficients are able to be expressed as a fluctuation suddenly happen even under a
function of R: independently of 6 and 4P. steady running condition. The same phe-
C is larger as 2¢ is larger in the range nomenon in the cylindrical chokes has been
of little R: . However, in the case of 2¢ reported .

=gg°, ( decreases with an increase of R: Figure 15 shows the effect of the oil
in the range of R:z1000 in the same temperature on the limit to the cavitation
manner as the sharp edged orifice. It is occurrence With three different vaiues of
also understood that C changes more clear- 2¢ for the constant 4p=1.96 MPa in the

1y with @ and R: as S is larger. case of S¥1.2 mm.
Even if R: is fixed, there is dif-
4.2 Case of the converging flow ference between the results of K.

Figure 13 shows the effect of & on
the flow characteristics with 26=60° and
S$=1.25 mm in the converging flow. The
equation and calculated curve of C 1in
Fig.13 are obtained at 40°C and they are
the same as those in Fig.5.

The pressure in the restriction Poa
drops more sharply and C becomes larger as
g is higher under no cavitating condition.
However, the difference among the three
cases becomes approximately zero when
cavitation occurs at. the entrance of the
restriction. The discontinuous change and
the hysterisis appear clearly as @ is
lower. The hysterisis does not appear at
§=55°C.

Comparing the curves of Ce, it is
understood that C. increases with 4P at
§=25°C because the effect of viscosity is
great, but it decreases at =55°C because
the effect of contraction becomes
stronger. when the cavitation occurs and
the flow separates completely at the
entrance, Cec drops and becomes a constant
value at 0.69 in every @. The disconti-
nuous change of C. is clear as g is lower.

Figure 14 shows the performances of
N, C and Pe with an increase of 6 at the
constant. P and P.. 1t shows that the
discontinuous change happens also with the

Fig.14 Change of N, C and Poa with 8

2¢=60°
5=1.25mm

(x) [P
=0, 72825 =
ax(X [¥3 70

0
2
o 2¢ Smm
g 90° 1.32
3 - 60° 1.25
& y5° 1.17
mmmmmm , &
P'“Cav. at the ! 1
Entrance Corner :
4 -Cav. Desinence i Re* 1500
0 1 2 3 y 5 0
AP (-’-‘P;—Pz) MPa
Fig.13 Effect of 6 on the flow charac- Fig.15 Effect of @ and 24 on the
teristics { converging flow) critical cavitation number
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measured wjith changing 4P  and with
i Hence the curves in Fig.1l6

other. That is, K. increasesg more clearly
as 24 ig smaller with an  increase of
6 and R; in the range of high p: . The

boundary on which g reattachment occurs or
not in the restriction with the increase
so that K. increases clear-
ly. 1n the other cases, the degree of
change of K. is relatively small since the
change of the flow pPattern ag mentjoned
above does not happen,

Fig. 9 Sm
—o— .- 0 _ A
e e 0.71 &=
—0— -4-~ 1,25 -
o 2.37 47 cay,

o] 500 1000 1500
Re*
253035 40 45 50 35
6°C

Fig.16 Effect of g and S on the
critical cavitatijon number

90°(1.32)
450(1.17)

29=60°

oS B 822 37 1
0.3 T 5=0.71mn
oql ¥ PR L

v 0.%9 © 4 O-- 33
0.98 @ A Oeu 35
0.6 1.47 ® & 8---]jp
. 1.96 © A @--- U5
2.45 ? A m--.5)
0.5 @ a4 W... 55

1000 1500

Fig.17 Discharge coefficient with
change of ¢ + 26 and §

under no cavitating condition. Ip the case
of 2¢=q5° with S-1,17 mm and 24=gg° with
$=0,71 mm, C shows large values withip the
range of little R: because of the pres-
sure reduction in the restriction,
show the tendency o
decrease with an increase of R? because
the Separation and the Contraction become
Severe in the range of high k2,

5. Conclusionsg

The effects of the boppet angle 24
and the o] temperature g on the flow
characteristic:s and the cavitation occur-
rence are studied experimentally by using
a half cyt model of ap 0il  hydraulic
boppet valve, The result makes clear the
facts ag follows.

The influence of 2¢ appears clearly
in  the cage of the chamfered seat valves,
The change of 24 has great effect on the
contractijon of flow and the Pressure
distribution in the restriction, which
induces particular changes in the flow
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