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December 13, 1990

SUBJECT: TRC Service Bulletin Number SB9006.
I

Gentlemen 1-

Accompanying herewith'in is a copy of Target Rock Corporation
service bulletin number 9006. This bulletin informs the

: recipient of the characteristic of solenoid valves to open
" spuriously" when subjected.to high pressure surge in line
pressure,

l
|

. Questions regarding the subject characteristic may'be directed l
to Mr. Steve Karidas, engineering Manager, 5166-293-3800; ext. I526. '!

1

l

Very truly._yours, -|
-

ff g ehn's
Vito Liantonio
Product Support-Manager i
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SPURIOUS OPENING CHARACTERISTIC

OF

PILOT OPERATED SOLENOID ACTUATED VALVES

B
U
L Scope: This bulletin is intended to inform tne recipient of the tendency

of pilot operated solenoid valves to open spuriously in response
to a sudden inw ease in supply pressure at the valve inlet. The
bulletin will also describe results of tests conducted to evaluateE' the problem and staps that can be taken to avoid or minimize the
effect.T
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1. DESCRIPTION OF PROBLEM

Figure 1 depicts the general arrangement of a piloted solenoid valve,
subject to spurious opening, In a closed, de-energized valve, inlet pressure
(Ps), entering radially, provides an upward force on the piston portion of the
main disc. Control Pressure (Pc) acting in oposition, negates this lifting
force and additionally provides valve a closure. force by its effect on the dise
port area (A ). With the pilot valve closed, Pc equals Ps. At the introductiond
of an Anlet pressure surge, supply pressure is momentarily higher than control
pressure, until control pressure re-establishes equality with supply pressure by
the flow of fluid through the inlet orifice (al). Consequently there is a time
delay _in equalization of these pressures. Should the lifting force exceed the
closure forces, the valve will lift, the valve will remain open until the
downward force overcomes the lif ting force, where upon the valve again closes,
and the closure force builds up to full value again.

The problem is most severe when the first of two valves mounted in series
opens rapidly, permitting full supply pressure to be sharply introduced to the
second valve. In-the reactor head vent application, full 2500 psi fluid
pressure may suddenly be applied to the second valvo cousing it to open sudd6 'ly
and reclose after a few seconds. ,

,

|

2. PROBLEM CHARACTERISTICS

By analysis and test, a number of significant characteristics are
noteworthy.

L a. Speed of Transient - Since the increased inlet pressure is being
: neutralized by flow through the disc inlet orifice, a slow supply
I pressure increase will not cause spurious opening. By test, it was

| determined that a supply pressure transient in excess of'250 psi
' per second is required to cause opening in a standard Target Rock

1" valve. Other size valves would respond somewhat dif ferently,
depending on orifice size, control chamber volume, fluid, etc.

b. Fluid - The combination of fluids that may cause the longest
opening time occurs when the second valve contains ambient pressure
air, and the upstream valve 's. charged with high pressure water..

As the first valve opens, the second valve experiences the high
lifting force which will be nulled out when the high pressure water,
flowing into the control chamber through the inlet-orifice (al) in
the disc, compresses the air in the control chamber thus raising
its pressure,

Static Pressure - Most piloted solenoid valves employ a pistonc.
whose area is larger than the disc seating area, generally by
a factor of 2. The lifting pressure therefore must be higher than
twice the static pressure in the affected (downstream) valve. If

'

the expected surging pressure is 100 psi, then a static pressure
in the downstream valve of 50 psi could prevent spurious opening,

f at u e = e4(8/49)
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d. Inverted Valve - With the downstream valve inverted, steam
flowing through the valve condenses on the cooler surfcce and
quickly fills the bonnet tube and control chamber with water.
As a pressure surge contacts the main dise piston area
generating a lifting force, fluid flowing through the inlet
orifice (al) raises the pressure in the control chamber rapidly
due to the high bulk modulus (incompressability) of the water
filling the control chamber. Thus the lifting force is quickly
nulled and the valve is kept from opening.

3. SUGGESTED FIXES

a. Inverted Valve - The most effective method of preventing valve
openings is to keep the control chamber filled with water,

b. Static Pressu3 - Maintaining a pressure between the upstream
and downstream valve of over 50% of system pressure can prevent
spurious opening,

c. Revised Operating Procedures - A number of utilities have chosen
to segtence operations to prevent suprise opening of affected
valves.

4. ACCOMPANYING DOCUMENTS

o ASME Publication 81*PVP-39, April 1981, " Spurious Opening of
Hydraulic-Assisted, Pilot Operated Valves - An Investigation
of the Phenomenons".

o Target Rock Report No. 2866, Dec. 17, 1980, " Solenoid Valve
Response to Inlet Pressure Transient",

res me - me men
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MEMO

October 2, 1984

To: 0.K. Vater

FROM: V. Liantonio

SUBJECT: Spurious Opening of Pilot Operated Solenold Valves

REFERENCES: 1) Torget Rock Report #2866; Solenoid Valve Response to
inlet Pressure Transient, 12/17/80

2) ASME Publication 81-PVP-39, April 1981, Spurious Opening
of Hydraulle-Assisted, Pilot Operated Valves - An
Investigation of the Phenomenon.

'. The two referenced documents provide an adequate understanding of the
subject phenomenon. The design of most pilot assisted valves will develop
a transiently applied force tending to open the valve when a rapidly
applied pressure increase is sensed at the valve inlet. The most effective
deterrent to this action is to maintain the valve filled with liquid. The
pressure build up in a liquid filled control chamber is fast enough to
prevent valve opening for all practical pressure transient rates applied
to the valve inlet. Also, one of the easiest methods to achieve this is
to mount the valve with- the bonnet tube directed downward, or as a mini. mum,
below the horizontal.

The worse case scenario is one where the bonnet ' tube is filled with a gas
(usually air at atmospheric pressure) and a pressure build up occurs at
the valve inlet. The pressure build up, however, was required (per Reference
1) to occur at a- rate of 250 psi /sec or higher. Tnis build up must also
exceed two times the pressure existing in the control chamber, immediately
prior to the application of the pressure increase. Should transient
pressure buildup be predictably slow, therefore, no special consideration
-is required.

Recommendations:

-1- For valves discharging liquid to ambient (as is the case of the last
valve in the chain of reactor head vent valves), mount the valve with
the bonnet tube below the horizontal.

i

L 2- Where possible, maintain positive pressure at the valve discharge port
(See Reference 1).

I 3- Locate. valves discharging to ambient where spurious opening will not
| comproni.se personnel or plant safety.

U, , . Y'~ .t-<.c< < & . <~
,.

Vito Liantonio
Manager, Engineering

VL/c)
cc: Messrs: 0.M. Pattarini

Code Engineers

Attachments - References 1 and 2.
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static Condition A) The test valve and piping system was flushed ?~

with water to renove nest of the trapped air.

Scne quantity of air probably was retained in

the upper region of the valve bonnet tube since

this area is out of the nor al ficw stream. (see

Table I for test data).

Statt: Condition B) The test valve and piping system was drained, purged

with air,then pressurized at 500 psig with

Argon gas. Some small quantity of water probably

was retained in the area of the valve dise due

to the bonnet tube position of approximately 40

from vertical. (see Table II for test data)

( Static condition C) The test valve and piping system was drained,

purged with air, and vented to establish atmospheric

conditions within the system. (see Table III

for test datal

RESULTS:

1

STARTING AT STATIC CONDITION (A): (Ref. Table I)

A series of pressure transients were initiated af ar establishing a

water filled r.ystem at 0 psig. or slightly higher to prevent the

entrance of air. The piping system was reduced to this pressure

level before each transient test.

The transients were conducted by increasing the pressure within the

piping from 0 psig to: 100, 200, 300, 400, 500, 750, 1000, 1500, 2000,

and 2500 psig. At each pressure level, at least one test was

(
conducted at a transient rate of 2500 psi per second,

er,v ea u ei..
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STARTING AT STATIC CONDITION _ fj{) (Pe f. Table III)

These tests were conducted with the valve and piping drained and

purged with air prior to each transient as in (B) above, except

the system was at at.mospheric pressure prior to introducing water

! at pressures of 100, !!O 200, 300, 450, 500, 700, 800, and 700 psig,
i

i The transient rates varied fr:m 250 to 2750 psig per second.
l

At a number of these test points, the main disc lif ted mer.entarily,

allowing various amounts of water to flow before re-seating against

upstream pressure. Because of the limited flow capability of the
|

L test facility, when the disc opened, the pressure transient rate

could not be maintained. Because of this, the accuracy of the rate

(sI '

of pressure change' measured from the actual recording of the test

may be in _ error.

In some cases, an increase in the transient rate did not result in
!

increased _ water flow through the valve.

A review of the data indicates that the Condition at. which a pressure

transient,is most likely to cause the valve disc to mcmentarily open,

is one where the valve and piping in charged with air at atmospheric
1
'

pressure prior to a pressure transient that introduces water into the

'

| system at a rate in excess of 250 psi per second.
1

Water filled systems xnd air filled systems pressurized to 500 psig,

appear to be able to withstand far greater pressure transient rates

than air filled systems at atmospheric pressure without causing

the valve disc to momantarily open.

fev Pott 44098

*
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- _. . - .. . .

-
. ..

, .

.. - . . .. - . - - . .. . !_ _ . . . _ ..
, _ .-

eaeaa-'s a v . T f, j', (*" t . T . - )< ; .'< 4 ' <0. .' r' C .7.% T M a '***
3 o' ar * , r m.c n a t t tesci: w o.N.v., ..,o., - .: .3- n.4.,, ., --.

''''8**' '
. ,,3 3. s o e , .

_

One transient test was conducted starting at 500 psig static

pressure within the system. The pressure was then increased to

1500 psig. At a rate of 7750 psi per second, there was no evidence

of water ficw through the valve during this test, indicating that

the valve disc rer.ained seated.

Of the 18 pressure transient tests conducted, cnly one resulted

in water flew fecm the valve outlet. This test was conducted in

the range of 0 to 100 psig at a rate of 1700 psi per second.

This test was initiated immediately after bleeding the accumulator

to at.mospheric pressure and recharging to 100 psig. Apparently air

entered the piping sysh'm during this operation causing the valve

( disc to memeentarily lif t during the following test. Three additional

tests were conducted at this pressure level at rates of 2000, 2250,

| and 2750 psi per second with no evidence of water flow from the
|

valve outlet.

STARTING AT STATIC CONDITION'(B) : (Ref. Table II)

L Af ter purging, the valve and piping system was charged with gas

(Argon) at 500 psig. These conditions were established prior to
,

l

| each pressure transient.

|

|- The transients were conducted by introducing water into the piping
1

system at pressures of 1500, 1600 and 1900 psig at rates of 2000,

2500, 3000, 3750, 4000 and 5500 psi per second.
.

'

| There was no evidence of water flow from the valve outlet during

these tests.

~
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WATER FILIID SYSTEM PRIOR 'IO TRANSIENT TESTS

I
I

TRANSIENT STATIC PPESSUPI SYSTEM PRESSUFIl TRANSIENT WATER

NO. PRIOR TO TFMISIENT @ CCMPLETION OF; PPESSUPI ACCU:tUI.ATICN ,

,TF. ANSI ENT ' PATE TOTAL |

|PSIG(HO) | PSIG i PSI /SEC. C.C. |

'

2

I

1 i Atmospheric i 1000 4 750 None

2 i Atmospheric I 1000 I $350 None |

3- | Atmospheric 1 1500 1 3500 None |

4 | Atmospheric ! 1500 11,000 None I

5 500 1 1500 7750 None 1

6 Atmospheric j 2000 1 4750 None | )
'

7 Atmospheric .2500 e 7000 . lone

8 Atmospheric 750 1 5500 None_

9 Atmospheric 500 1 4250 None |

10- Atmospheric 400 1 3750 None |

11 Atmospheric 300 1 2500 None ,

12 Atmospharic 200 1 1000 None

13 Atmospheric 200 1 1000 None

.

14 Atmosph_ erie 200 3750 None'

15 Atmospheric 100 1.700_ 215 |

16 Atmoshperic 100 2000 None I

17 Atmoshperic 100 2750 None .(
18 Atmoshperic 100 2250 None

|
|

|
,

1

|
|

l
l

..

l

|
l

|

.-

.

1

1|
ice eos esses
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TABII II

CAS CHARGED SYSTEM PRIOR M TRANSIE!TT TESTS

TPANSIENT STATIC PPISSUPI ! SYSTEM PPISSUPI TRANSIENT WATER
No. PRIOR TO TPid1SIENT 3 CCMPLETION OF P PISSURE- ACCU:'ULATION

PSIG 'TF.ANSIENT
| PATE* '

TOTAL +
i

l | PSIG *
C.C.

1 500 1500 2000 None
2 500 1 1500 1 2500 i Mene
3 500 t 1500 1 3000 i None

i. 4 500 1500 ' 3000 i None
1 5 ,. 500 1500 3000 i None

6 500 1600 3750 1 None
7 500 1900 4000 i None
8 500 1900 5500 t None

C
-

i

.. !

{
!
'

.

'

.

e
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!

|

|
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TABLE III
_

AIR FII.IID SYSTE.'4 PRIOR TO TPRiSIENT TESTS

' 3YSTEM PPISSUPI TPRJSIENT WATER |
9CCMPllTICNOF|,PPISSURE,| TRANSIENT

STATIC PFISSUPE
ACCUMULATICNNO. PRIOR TO TPNISIE!JT

| PS!C ( AIR) T?x:SIENT 'PATE '!OTAL
pSIG , PSI /SECCND C.C. |_

1 Atmosphe ric 700 1750 1750

2 Atmospheric 700 1900 1 380

3 Atmosphe ric 800 , 2500 I 300

4 Atmospheric 900 i 2000 1 85
_

5 Atmosphe ric 900 1 1250 1 20

5 Atmospheric 900 l 1200 i None

'/ Atmospheric 300 l 1000 1 505

8 Atmospheric __ 450 l 1000 i 385

9 Atmosphe ric 500 1 1500 4 95

10 Atmosphe ric 500 | 750 i None

11 Atmospheric 300 | 1900 i 110

12 At:nosphe ric 300 2750 1 25

(s- 13 Atmosphe ric 300 250 ! None

14 Atmosphe ric 300 1100 i 35

15 Atmosphe ric 300 1750 1 25

16 Atmospheric 300 1500 | 85

17 Atmospheric 300 500 1 None

-18 Atmospheric 300 600 1 20

-19 Atmosphe ric 200 2100 i None

20 Atmospheric 200 1750 i 50

21 Atmospheric 200 2000 1 70

22 Atmospheric 200 1 500 i None

23 Atmospheric 200 900 12

24 Atmospheric 200 750 i None

25 Atmospheric 150 1250 None

26 Atmosphe ric 100 1000 None

i 27 Atmosphe ric 100 1200 None
'

i 28 Atmosphe ric 100 1200 None
'

. .
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S aurious 03ening of Hydraulic-
.

Assisted, Pilot-0]erated Va ves-
L1.Ezekoye

An invest =igat. ion o" t 1e
-

se-, -ee,

u .aus e a Phenomenon'

Managera

Aussary tourent (qeeenng This paper ann'stigates the spursous openong phenomenon of h>draulicasststed,
sest.ngscuss titet< Coco . C' lot.cperated volses. The equations goserntng the volve response mere deseloped

Patsoutgn.PJ 10 provsde an eastght into the phenomenon. Sensstuvity studies mere then performeo
to demonstrate the possnbt! sty of this type of valve spurtously opentng under cerfatn
pressure transsent events The deductions were later confirmed cy tests to sno~ no~
a typscal pilot. operated valse might respond to pressure transtents in *ater soisd
and compressoble fluid media. The significance of this phenomenon is discussed on
terms of sts effect ort valve usage.

<

I

NOPTNCLATURf INTPCDUCTICN

crifice area The de* ands for nuclear valves to withstandA *
3

piston aree adverse ervironment of radiation and temperatureA *
p

plug seat area and at the same time be able to sustain highA *
g

discharge cce flicient seismic lo' ads have spurred innovative use of fluidC =

spring preload media to assist conventional electric operators inFo
*

acceleration due to gesvity valve actuation. This class of valves is gener-es
pneuestic sprint constant ally re f erred to as hydraulic-assisted. Pilot-It , *

mechanical spring constant operated valves. Tigures la and Ib and 2a and 2bK, *

polytropic esponent show two versions of the valve destgn. 5asically,n *

c steady-state chanter pressure the valve incorporates a pilot valve in conjunc"P *

steady-state inlet pressure tion with system differential pressure across thePi =

inlet transient pressure valve to open or close the valve port. The pilotpit *

i Pf -chamber pressure 4t' force reveral point valve can be external, as in Figure la, or*

f pit s ) internel as in Figure la. Although tnese valves/q

velve outlet pressure are usually electric solenoid-operated, they couldPo a

1 V e air volume be pneuestic or even ranual.a

initial air compressed voluireVai *

V * air flow volume Referring to Figure la. with the pilot valveet
control charber volume closed, the control chamber pressure builds up toV e

e
piston displacement voluwe inlet pressure value. The resulting force differ-V *

p
water flow volume ential on the es to valve plug plus the force onV, =

Y * compressible flow expansion factor the compression spring closes the valve. Vith the.
,

AP * critical pressure drop pilot velve open; as in Figure Ib. there is aeg
* density direct flow path between the control charDer tov

time (sec) the valve outlet port.' The chamber pressure sub-r a

4 * displacerent sequently drops to the level of downstream pres *
e * ratio of pressure surge to steady-state suse. A pressure dif f erential builds up across

pressure the esin velve plug. thus opening the valve. In
IF * sua of forces the second version of hydraulic-assisted, pilot-

operated valve , the pilot valve is internal.
Referring to Figure Za, with the pilot valve
closed, tBe pressure in the :ontrol thanber
increases to the level of the inlet pressure.
Vhen the control chseeer pressure force esceeds

1 the inlet ;tessure ferce, the force 4t f fersettal
C a ur rwies tv me Penswr, v.ney a * ,,.3 1..,,en 3r ., %,,,c y, ., ,, , , ,,, , , , y .

** * *' '*
NCJev Of MICM.UICae ENC .ss&3 fdf pre 14fuauJn at 4Ad J0.ns (onference et den the pilot valve is open, as Powti in Figure
the Preinste vniets sad Pipins Maiensis. Nucleas Eesinevnn and sosai
Dmuovu. June it.!s. ls41. Den,er. Colorsoo. %4anuscripi recei.,4 af ASME 7b. the control chaeber is vnnted. The venttrig4

Headquarters Aped e,19si. creates an opening pressure dif ferential across;

|-

the main valve plug, opening the valve.Cop.es =dt 6e s.sdatte untd March t. lf 42.
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se of this type of v81v' offe7s 8iinifiC838 *' * * "'"iA' * 'I v'##'"' ' #" '*O '03'''
''

ta 8i'**8'f88'd -

a dv an t a te s ove r c onv''8 I** *I **'''* *f ' ' ''* " U " '' " d j ' 8 pre pute f lu. tecause
Chief seen, " f i I "I f 1' is teeetally too srell toglobe valves-in cert 8tn applications.

thee ere weight reduction and overall velve tuicdy balen" pussures between the inlet and
Valvecoepactness with a low center of gravity. the control cheeber, the valve 3, gins to lif t.

end ceeter of gravity contribute signifi, n tM valve plus is on the vette of opening,,

weight
cantly to piping' stresses and to the attendant o og ondit ions e sist i
corrective piping support cost. Tvetelote.
lightening the-valve weight and reducing the I Ap * Io * F it IAp*As) * P At o s

. center of stavity are very desireple featutes in (6)
Another signsficant advantage isvalve design.- the volve can be totally electric- #the fact that

operated thus Pefeitting -Itt! tuslification and
still' provide fast fail-safe closure capability c" Pit (5)
These, and other advantages, have contributed to
the incteesing usare of these valves in nuclear Neslettint Fo and Po. Equatien (4) reduces tot
power plants.

pit ( p * A } UI
3C PFowever, there are inherent and lateet lieita*

tions with this valve-as with sey other valve.; g

nis paper investigates one of these if *ttatices
,

I

which is the potential for the valve to spuriously 3 p p
p ,J,J, ;

open under severe step-up pressute transients, ii - A P P 'A$purious opening phenceenon is defired as a closed # ' ' I
i valve suddenly opening and teclosler without

.

|

a
|

slanal or electric power input. . This pheconeece
hee t'een called *hieupping" and " bur ping". It was tcuation O) provides the ratio of pressurei

first noted by the authors to occur when valves of transient to steady-state inlet pressure that eNet !
,

be evaluated for valve stability. Wat this means
this type were subjected to severe step-up pres *

-sure transients. In this paper, we shall develop is that step-up pressure transients, which are
less than a times the normal steady state pres-valve response eeustions in various fluid media to sure need not be considered as posing any

show when the valve would open, I f , however the s te p-up pe e s sure i sconcern.
equal to, of greater then, e tises the steady-

RESPON5f EQUATIONS state pressure, the valve can open, depending on
the fluid medium. The opening process continues

- Response times will be calculated for three until the control chamber pressure reachesD e first case is an air to-air systee
!= when the valve is air-filled and suddenly uposed Pit s , at which point the valve begins* tosystems. /

to hit er pressure air. The second case is a reclose. The position where the valve plug
h

veter-to-air system when the volve is initially eccentarily stops and begins to reclose is
i referred to in this paper as the force reversalsir-filled and suddenly exposed to higher pressurej The last-case is'the water-to-vater system point.

water.
when the. valve is water-filled sed suddenly *

A NA LY SI S .esposed to higher pressure water.
to evaluace the valve stability, the analysis

Pefore the analysis can proceed, it is proceeds to cattulate the response time requirednecessary to define what constitutes a severe for the valve to .gch-the force reversal point.
pressure transient that would be of concern. . To If the tire is very lesignificant or a very smalldo this, we refer te rigure 3, which shove fraction of the coreal opening tie:e. the valvescheestically s fully septed hydraulic-assisted,

will reesin closed.- If, however, the responsepilot-operated globe valve. tire is e significant fraction of, or is even
in this seated position, the following eoual to or prester than the normal valve opening,

tire, the valve will be open.-relations esias
i *

I Pg Ap + F, > P i ( Ap - As) * Po As C.ase l e Air-to- Air Transient
(1)

I
The valve is air-filled and'is suddenly

- esposed to higher pressure air. Figures es, &b-
and and I.c illustrate what would b'appen if the velve

U) spuriously opens.
P.c = _P j

!

.f we neglect P, and Fo, Equation (1) Let V 1e the voluee of the controle*

chaeber. Therefore, at the force reversal point-
reduce tot as shown in Tipure &b.

1 (3)
Ap (A,- A,) (8)y, = y, a vp

Equation (3) unfires what we know already,
: wherewhich is that..the piston area has to be greaterj than the difference of the piston ene the seat !?!V = V,( + V,gareas to provide hydraul{r assistance. 4

[
.J -2

1

__ _ _ _ _ _ _ - _ __ __ _ __ _ _ . - _ _ _ _ _ - _ _ _ - - _ _
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** As su see (seat ectic coef t e s tio* of ot ir pai e s t in Solvit.t for t we. t, we have*

tee ceaner,

p d-

P - fYf(h) -a ( ) ( 10 )V,g V, c-
I t - < 2o

g ,, ,
o k e ,,"#

n e flew through the refill otsfice is
case 11: wa t er.co- Air Tr an s i en t

l 2r AP" In the water-to-sit transient, tee valve is(j
o

t (11) 8it* filled end is suddenly esposed to a step upV * YCA
88 0 highet pressure water. Figures 54, !b. ard 5e

illustratt the valve dynamics. As in the
. sitatoasir case, figure 5b corresponds to the

*be piston volute displacement is
force reversal point. At this potet, the

g)g) follcwing relatierships ent st:
,

~ V, = V88 + V, + VP (21)To determine the piston voluee dispiaceeent we
v4ve to perform a force balance at the forte

wherereversal point by setting gT e 0
1

n otefore. P, ; .l
V,g * V, p (22) j

+ F e * Pit (Ap*As) IF,*rd
|

ge
(13)

j

Neglecting F, and K,, tcuation (1)) reduces to |2pF
##

V * CA 1 t UMrge = Pgg (Ap - A,) (14) w o i
oy j

or
and

P.' (A ')A=
' '4= (15)

'a Vp=Ap 4 (24)

'',
where F,'is the pneumatic spring constant defired by The displacement 4 is given for this case as:

{ V.
"S (25)nP A 4g ' "A' (16) pr,=- y

There fore, the piston volute dis placerent becomes,

Substitutier Equation (16) into Equation (15), 1y , _

".-[ ( ) (26)'we have V

.

P, A, a A,) _ V, Combinlet tavations (22), (23), and (26)
gg

* - (p-) (4
, 7

f p P
*

1
2 p F'') t! P

V, * V, (f) " ( ) + (C A, (27)p 3 y ,,

[ (17)Since P
., * e, then 4 *

,,
f .- p a p

"I '*#Dt piston volume displacement becomes *

,

V, = V /n (18) {,

p
c n+1'aha t itut ing teuations (9), (10), (11) . and (18) V, I~(f)n (T)iPs@ Iowation (8), We havel ( 0)'g a

i
, .

p.
er

TCA)[254P
P 1/n C A,

([f
* ,

t ) V* *
* (19)) .,

,

.
.

3

,
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ge f>e gse q ttp atet treesseet case, the leses ce tPe teswits of the sestysas are t&e
.elve is erstisilt fillet wise satet sed swfetely tests, it 4& tests trat this th e ro*e e c e is * cst4

; subjetted to Fitter step-wP pmoure. Thse case labely te ettwf when thle tvre of valve. .e e gas-

is teneiceted to be of me comte f or tre simple or si,em st, lit, tion, is svececiy e,pe,,e to
fett ttat water it vittvelly icterpressible with a wigh.tressure wetet. Tvete is very little'

] Svlb eeevlwa sf 360.000 toi keece there is ao likelikees trat chis will ettut ie ait to sit er'

t i e t te s'i s p l a t te** t . la this tese, therefote + * ster-to-vater systees.
velve te*eles :und se ,pite of the tresswee
champes. Althcuse tre foresoseg seslysts is tesee ce

step tesere. fast presevte transleets trete ete
M ustienD actually very few otteelots whete swth eveets

ettut. These types of treesseets tap. howevet, t>e
le the f oteroles seelyses, we have develeted pteevted by water es**er. Also, they see t'e

t>e eewstione destelbiep the resporse tires for recetated by erecies any f ast-st tiet uts t rese
sit *to* sit eveter oed waterate* sit evete*. At valve in a series cowbie isoletten ettlication.
t>1s tire, tretefore. It is 'epor t set to testatt

the etiterte for eteniet. *e do these we e uld ce the basis of the abeve observatites, valve
like ' to point out t>st acet of tNoe volves usate shewld be judiclevtly race to pteweet t>e
eeteelly eran f ully beti.eea 0.1 ecs 0.! secoede. velve tenet es>osed to fast transieets thus mini-
T'ket e f ore , any va lve wh e th testeeds to a pressure wieles the lik.elihood of e spurious epeciet.
surge le less thee Ifit of its ecreal eteriet time Addittenelly estve letation shewld te such that.
vill eet spee. Osler this ett ter son, we evelweted i f the valve heptees to cree sputiewsly, the
the to:Finee (seen fet ce estato*eir tese eed a ts*ultent leskatt throwth t>e wate seat uwid eet
seterate* sit tese for a hytothetical valve veier teeptarise tetsoneel and piset sa fety.
-the retameters tabulated in Table 1. The results
of the sealysis see pletted in Titute 6. As tse ACt h04tDCt t2 kT -
he seen, the sit *tt-ait system is rather acteesta
tive to reessure sweges while le the watet-to-alt The evthers wish to tvset P~t. A. Jee of
system tre velve etees. Vestieghouse Valve telleterier fet his assisteete

le collettleg the test dets.
TAttt I

valve Pers*et y

valve sine * I inch
v, * 6.t (c)
Ao * 0.002 te.2.

'

s*2
C * 0.65
roteal 0penser time 0.5 see.
Pc * 15 pois

- 1

test

~

to verif y its vslidity of the analysis, e
fielted test was conducted te demoestrate the
pHeocecca, tipwte 7 filustrates the test setup.
Three testa vote toeducted to sievlate each of the
three cepee. The results of the tests are

surestises' in Table 7.

Tall.E 2 *

Test pseults

.
System Pg(rvia[ Pi t (pe le) Butping

A l t- t o* s it 500 1500 None..

500 ' 1900 None

Vater *to-eir 13 200 Yes
l$ 500 Yee
15 900 Yee

w ter-to weter 15 100 Nonea

15 $00 None
15 1000 None
15- 2000 None

i
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