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Background of the Invention This invention relates to a val ve ands
nore particularly, to a pressure relief valve. Pressuri zed |ines

are CONMMDRLY ofjekéscd Wi th either rupture discs or pressurg-ygidsiooal ves to
prevent the pressure of fluid inside the lines from exceeding a prescribed

linmit beyond which the line or PRESSHRR RELL A thereto could rupture
or be damaged. Rupture discs are relatively sinple, conprising a sinple
di sc which interfaces wth fl| uBdckgroundiofdhe Theemfiisw conprises a skin, the

t hi ckness of whi e ressure.,in,a, ljne exceeds a
pr edet er mi ned pr’gﬁsﬁgd?‘géﬁﬁﬁhg'g%%svﬁbu%tvab@s 4) W%W’nté) E %ssure.

An obvi'ous rhlieflvable.t o such a rupture disc is that once pressure is
relieved, there I sion for th of . the rupture to be cl osed
off so that nor% E?CﬁKBF%e%FWﬁW%m th either ruphuea,disgs Py, an

entire |inepressure relief valves to prevent the pressure of fluid inside the lines from

exceeding a prescribed limit beyorid which the line or equipment connected
thereto could rupture or be damaged. Rupture discs are relatively simple,
comprising a simple disc which interfaces with fluid in a line. The disc
comprises a skin, the thickness of which is such that when fluid pressure in a
line exceeds a predetermined pressure, the disc ruptures, thereby relieving the
pressure. An obvious drawback to such a rupture disc is that once pressure is
relieved, there is no provision for the area of the rupture to be closed off so
that normal fluid pressure may be maintained. Consequently, an entire line
and often an entire system must be shut down to replace the ruptured disc.
To cure this drawback with rupture discs, particularly where it may be
anticipated that the line pressure may frequently exceed the design pressure
or where it is undesirable to shut down an entire system to replace such a
disc, pressure relief valves (PRVs) were developed. Rather than using a disc
that ruptures when pressure exceeds a predetermined pressure, PRVs utilize
a valve mechanism that is maintained in a closed position by a compressed
spring. The PRV includes an inlet and an outlet for fluid to flow into and out
of. The inlet is connected in fluid communication with a tee in the line and
the outlet is connected to an exhaust or overflow line. The compression of the
spring is adjusted to keep the valve in its closed position until a pressure |
exceeding a predetermined pressure is impressed upon it. Once fluid on the
inlet side attains a pressure which exceeds the predetermined pressure, the
valve mechanism moves to an open position, fluid flows into the inlet through
the PRV and out through the outlet, thereby relieving the pressure. Once the
pressure is reduced to a point below the predetermined pressure, the spring
moves the valve mechanism back to its closed position, and normal fluid flow

. through the line resumes.
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and often an entire system nust be shut down to replace the ruptured disc.
To cure this drawback with rupture discs, particularly where it may be
anticipated that the line pressure may frequently exceed the design

pressure o ere it is undesirable to shut down an entir ﬁdgbﬂso
fY°£m8°f‘éc, ch/?bg%e . Rat her

repl ace suc pressure relief valves (PRVs) were dev
han using a di scylhat res when ,pressure exceeds.a .nredet |, ned
ressure, PRVs ut iife aré,ul%‘\?g/vegrh%%v%% é‘?’ﬂ“ﬁﬁﬁgs iags‘??haﬂ'ﬁgé‘f‘ &uah -o¥ay
position by axaniplecsaadse $hererig onlya siiple inlet,UBeR ddbs vt Hove BrophOHe €t

for fluid to.f %winto and out The 1.nlet 1s connected in fluid

f.
communi cat i oARGEnless pressyre qq@q?pg] Eelé&YGd hm@eoBRVeth@eQQmﬂz,; pebduet an
exhaust or oepbsity'mdy SecublatOfPIASRIA afd, 46§ cortddy ee!k ?é@%{tﬁé tilgﬂl,t 0

keep the valve in its closed position until ’a pressure _
pr edet er m nedhprebysequining pepiodicspdinipoande of the®RY |amiddtherpdtential shet si de

mechan; sm ooeet & AikoBReet SRt hip ErRbeATi BerdtulaE fitedt Tnpough
the PRV and ecatryiig sisgbus fieids tHatisolitiferat lyw tehpeyatiges, thoRER $AY rs@veﬂ}pﬁ
Spring - movedt Ehle GEANHEk AL AP AHALRAL FOTBVARLLE ORHIG DSR ook, steem nor mal
fluid flow tracheighthielinldt t3cprePent e temperature of the fluid therein from falling
too low. In some industries, such as the pharmaceutical, food, and beverage
industries, a PRV may require maintenance on a daily basis or even more
often depending on when a product used in a line is changed. Such
maintenance typically requires that the PRV be removed from the line and,
upon re-assembly of the PRV, that the compression of the PRV spring be re-
adjusted to meet close tolerances and certified accordingly.
f vention

It is therefore an object of the present invention to provide a PRV in
which product deposits retained inside the inlet to the PRV are minimized.

It is a further object of the present invention to provide a PRV of the
above type in which the compression of the spring does not require
adjustment every time the PRV is maintained.

It is a still further object of the present invention to provide a PRV of
the above type which can be flushed and cleaned while installed in a line.

Towards the fulfillment of these and other objects, the PRV of the
present invention has a body including first and second openings for
connection in a line and an interior wall defining a flow-through passageway
extending from the first opening to the second opening. The body further
includes a chamber having an inlet port and an outlet, the inlet port providing
fluid communication between the chamber and the passageway. A guide is
removably secured to the body and defines a bore extending into the chamber
and an open-ended portion extending away from the chamber. A spindle is
slidably disposed in the bore between a first position in which the port is open
and a second position in which the disc seats in and closes the port. In the
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WO 97/ 16665
PCT/ US96/ 07008 There are, however, several drawbacks associ at ed
with such PRVs. For _exanple, bhecause there is only a single inlet fluid

does not flow through the inlet unless pressure is being relieved by the.
PRV. Consequently, product deposits may accunulate in the inlet and, as a
consequencgv B the PRV, thereby requiring periodic nmepcngsegifoes of the
PRV and th % 5 al shut down of associ ated systens. This drawback is

particularly acu carr Vi.SCO s,t.h sol i d| at | ow
t enper at ur es’®® P’h%t!l’@ﬁm[oﬁé@lg face of twgsﬁméﬂ“ﬂé %h@ gﬁsﬁgf Yoftewhat
by appl yi ng reeedseddir@m, thatmmmatwanlmd:.stdﬂte nor‘gxehtér&haﬁfbherﬁalfﬁee

tenperature of the flyid therein fromfalllng t In sonme industries,
such as the‘ﬁ %{ﬁ\ec%ﬁssaﬁ'w Arfgtentian nglls q%ﬁ?&ﬁ{‘g Vé§°“’é?dF#?\P may

requite mai dEBAGT tE spiriile bXtchAMirth tRY SPeilBhfed HircRR GUIKHiAE AN when

a product used in a line _is change mal nt enance typically requires
that the PR\apmlgrErﬂ;eweﬂrlerﬂlememendeémrtmrupf)ﬂlersndegadthegrs)ontthe PRV,

: glate e o O BEAES (OF pAlsile d SR i Whe Ytk FositiBfhRle Fruld prlESdre 1 9355
than a set pressure An adjustmg screw is threadingly secured to the open-
ended portion of the guide and bears against the spring for adjusting the
compression of the spring and, accordingly, the desired set pressure.

Brief Description of the Drawings
- The above objects and summary, as well as further objects, features and

advantages of the present invention will be more fully appreciated by
reference to the following detailed description of the presently preferred, but
nevertheless illustrative, embodiments of the present invention when taken in
conjunction with the accompanying drawings wherein:

Fig. 1 is a cross-sectional view of the pressure relief valve of the present
invention; and

Fig. 2 is a cross-sectional view taken along the line 2-2 of Fig. 1.

Description of the Preferred Embodiments

In Fig. 1, the reference numeral 10 designates a pressure relief valve
(PRV) embodying features of the present invention. The PRV 10 includes a
body 12 having a first opening 12a and a second opening 12b for connecting
the PRV 10 into a section of a line (not shown) carrying a pressurized fluid. A
flow-through passageway 12c¢ provides fluid communication between the
openings 12a and 12b. As viewed in FIG. 1, the body 12 further comprises a
cylindrical portion 12d which extends upwardly and defines a chamber 12e.
The lower end of the chamber 12e defines a spherical valve seat 12f provided
with an angle seat configuration and having a valve inlet port 12g for
providing fluid communication between the passageway 12¢ and the chamber
12e. The upper end of the chamber 12e defines a third opening 12h having an
upwardly extending annular cut-out 12i and a radially extending flange 12;.
As shown in FIG. 2, an outlet 12k in fluid communication with the chamber
12e extends laterally therefrom. | | | |
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cylindrical wall portion 14f defining two vertical slots (not shown) for reasons
to be explained.

A spindle 24 is disposed in the chamber 12e and is vertically slidable
within the bore 14e, thereby enabling the spindle 24 to slide between a lower
position (depicted in FIG. 1) and an upper position (not shown). The spindle
24 includes a lower spindle end 24a having a frusto-conical configuration
which converges toward a flat disc portion 24b which, in the lower position
shown in FIG. 1, matingly engages the seat 12f to seal the port 12g and to
thereby seal off the chamber 12e from the passageway 12c. In the upper
position (not shown), the lower spindle end 24a does not engage the seat 12f,
thereby permitting fluid communication between the chamber 12e and the
passageway 12c. A spring load retention nut 26 is threadingly secured to the
spindle 24 just above the point at which the spindle 24 extends above the
guide 14 (in the lower position). A set screw (not shown) is provided for
locking the retention nut 26 into place on the spindle 24 and is accessible via
the vertical slots. Just above the retention nut 26, the diameter of the spindle
24 reduces down, forming a spherical shoulder 24c, and a reduced diameter
upper spindle portion 24d extends upwardly from the shoulder 24c¢ within the
upper cylindrical wall 14f, .

As depicted in the lower pogition of FIG. 1, the face of the disc portion
24b exposed to the passageway 12¢ is recessed from the internal wall of the
passageway 12¢ a distance no greater than one fourth the diameter of the disc
portion 24b, thereby minimizing the potential for retention of product in, and
consequent plugging of, the PRV 10 and, furthermore, aiding in ﬂushmg the
PRV 10 between product changes.
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second position, the face of the disc exposed to the fluid in the
Jpassageway is recessed f

one half the dianeter of the passageway. A retention nut is threadingly -
secured to a portion of the spindle extending into the open-ended portion
of the guid®orAes®ri ng i s disposed in the open-ended por PCHUSHHO7 gui de
and bears on the spindle for biasing the spindle in the first position

while fluid presTteapindle @afurthp cammse@ae&ﬁwmm&mh@dﬂw&hwbeﬁw i's
threadingly secured to the o en- ended, portion gui de_and bears

agai nst t he YapFh REOYides seqcader Hyid arteripgibaaughy eoY Yﬁeo's‘tpl%go gxppnd
accor di ngly gp g%ﬁmsa ffee ﬁﬂﬁné’ﬂ?é%ihﬂle 24 and further opening the port 24 Bieh

Description o Dr awm ng he above obj ect’s ry, as well
as further bbllews 28 is adtached ab it lower end to the spindle 24 and at its upper end

to the guide 14 for providing a seal between the guide 14 and the spindle 24,
thereby preventing fluid discharged through the PRV 10 from passing
upwardly between the spindle 24 and the guide 14 through the third opening
12h. The bellows 28 also provides compensation for discharge pressure, so
that pressure applied to the outlet 12k (FIG. 2) of the PRV 10 does not
increase the set pressure of the PRV 10. Because the huddle chamber 24e
and the bellows 28 are well known in the art, they will not be described in
any further detail.

A lower spring washer 30, a helical coil spring 32, and an upper spring
washer 34 are arranged on the upper spindle portion 24f as shown in FIG. 1.
The washers 30 and 34 comprise sleeve portions sized to slide onto the upper
spindle portion 24d, and flange portions that extend away from an appropriate
end of each of the sleeve portions to secure the spring 32 therebetween on the
upper spindle portion 24d. The washers 30 and 34 further include conical
surface portions which bear against the respective spherical surfaces of the
shoulder 24¢ and an adjusting screw 38 described below.

An adjusting screw 38 is threadingly secured to the upper end of the
guide 14 and includes a bore 38a for receiving the upper spindle 24d. The
screw 38 further includes a sphérical shoulder 38b, similar to the shoulder
24c, which bears against the conical surface of the washer 34 to compress the
spring 32. Provisions (not shown) well known in the art are included for
sealing the screw 38 to ensure the integrity of the set pressure of the PRV 10.

A bonnet 40 includes a flange 40a which bears down on the lip portion
14a of the guide 14 against the force of the compressed spring 32 to seat the
lip portion 14a in the cut-out 12i and, while so bearing down, is secured to
the flange 12j in a conventional manner, such as by a clamp or bolts and nuts
(not shown). A threaded opening 40b is defined in the top of the bonnet 40
and a bonnet plug 42 is removably secured in the opening 40b to seal the

" " opening 40a. The bonnet 40 and bonnet plug 42 thus not only enclose the
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advant ages of the present invention will be nore fully appreci ated by
reference to the follow ng detail ed description of the presently preferred,
but nevertheless illustrative, enbodiments of the present invention when
taken in %ﬂf} Q&&IOH wi th the acconpanyi ng draw ngs wher ecnwsgeor008 Fig. 1
IS a cross-sectional view of the pressure relief valve of the present

730, e guide vikdon 1465 G857 B°EH) Wbl BLAF ST MBI | 0
I( rI; R\F/I) g. m% dtdue-anfgéda?nrthe uppee spindle pdettamg ﬂéﬂ,e?ufaal]sb mevﬂ;xtRV thclzgamfy nlaﬁl Ve
enmbody ea e i on i.ncl ydes a
body 12 haw{f? Ff??é’%d&iﬂ%&%&“%@ Fuy °B‘?3éh? grRet,oReHHng Aect i ng
the PRV 10 ipindefs fles hdjustiog s%réwrw readily deeayaiblear rying a pressurized
fluid. A flowthrough pass é 2c rovides fluid conmuni catjon bet ween

the openings 12:DdRBEAssem i |achonnetiglamp (gt abowyy) isased to
chanber - 126, *HL AR b eﬁﬁr‘%%&??ﬁ%%ﬂ??ﬁ?*ﬁ%g??ﬁ%ﬁ%‘iﬁ?%gﬁg 4
seat 12f proadjusted so ﬂtatamhanghtebeemt <l amipi ig resdoved, ﬂrecsphrmg fogcaond;hee
oLt BT oz Rrdhg Bebh ORISR Sh, HELHASBe BEREGRALTIY
openi ng 12h kaghtign aut wvmhﬂdﬁidxemﬂhwwéﬁﬁdrﬁﬁuﬁﬂsa@dﬁ inlthe g4fd a
Lgmln: )c/atei(z) rs]g,lpq f l a gﬁggﬁﬁt\l 10 andsgﬂo ena es t e IgRV%B toLE l gtsagszelinllﬂedf Luid
for cleanmg mt.hout tampering with the set pressure adjusting screw 38. The
guide 14 is then seated in the cut-out 12i and secured thereto via the bonnet
flange 40a which is secured to the flange 12j. If necessary, the adjusting
screw 38 is adjusted to compress the spring 32 and to cause a predetermined
downward force F1 to be applied to the spindle 24 to seat the lower spindle
end 24a onto the seat 12f thereby sealing the port 12g. The openings 12a and
12b are connected, using conventional fittings (not shown), in a section of a
fluid flow line (not shown) and the outlet 12k (FIG. 2) is connected to an
exhaust line (not shown).

In operation, the fluid flow line and the passageway 12c are pressurized
with fluid. The fluid pressure then exerts an upward force F2 onto the disc
portion 24b‘equa1 to the product of the pressure and the area of the disc
portion 24b exposed to the fluid pressure. The force F2 is thus directly
proportional to the pressure of the fluid. If the force F2 exceeds the force F1,
then the disc portion 24b as well the entire spindle 24 move upwardly
permitting fluid to be discharged through the port 12g, the chamber 12e, and
out through the outlet 12k (FIG. 2) to the exhaust line, thereby relieving the
pressure of the fluid and reducing the force F2 on the disc portion 24b. When
F2 falls below F1, the spring 82 urges the lower spindle end 24a against the
seat 12f sp that the disc portion 24b seals off the port 12g and fluid ceases to
flow from the passageway 12¢ through the port 12g and the outlet 12k. Thus,
whenever the pressure in the passageway 12c exceeds a predetermined "set"
pressure, fluid is released and pressure is relieved, thereby ensuring that the
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12e extends laterally therefrom -3 -

WD 97/ 16665 ,
PCT/ US96/ 07008 Wih further reference to FIG 1 a guide—14-

includes a lip portion 14a extending radially therefromwhich matingly -~
seats in the cut-out 12i of the third opening 12h. Two grooves 14b and
14c ci r cungglohiy the lip portion 1l4a are forned in tRreTAyS9edz0084, and
two Oring seals 20 and 22 are positioned in the grooves 14b and 14c for

provi di ng apsghrdf! WRERNS B6ed hit dxtded e bitSpresstiteFlu® B hNl6waBIe t her eby
preventing Tluid discharged through the PRV 10 from passing through the

openi ng 12hoverpeesgurelcBecause thrset preasyiris propottional te yhe apwing feropdil,
or t1on 141 tfcyst prideufte 2647 b 28insta 1P tigtBne M 00RAG the duhaily! co! el
screw 38 thereby increasing or decreasing, respectively, the compressive force
in the spring 32 acting on the spindle 24.
It is noted that, as discussed above, the face of the disc portion 24b
exposed to fluid in the passageway 12c is recessed from the internal wall of

the passageway 12¢ a distance no greater than one fourth the diameter of the
passageway 12c¢. It is understood that this proportion may vary from one
fourth, and may, for example, be one, one-half, one-tenth, or even zero (if the
face of the disc portion 24b is flush with the internal wall of the passageway
12¢). It is further understood, though, that as the proportion is increased, the
advantages described above which accrue from a small ratio accordingly
decrease, which advantages include reducing the potential for the retention of
product in, and consequent plugging of, the PRV 10 and, also aiding in the
flushing and cleaning of the PRV 10 between product changes.

It is further noted that references made above regarding the location of
one component or aspect of the present invention relative to another
component or aspect are made with reference to the orientation of the
invention as depicted in FIG. 1. It is understood that the present invention
may be utilized in a variety of orientations 'wherein such relative locations
would change accordingly.

It is further understood tilat the spring 32 may be supplemented or
replaced with other resilient elements such as a pneumatically controlled
compressible fluid or an electro-mechanical actuator. The compressible fluid
may, for example, include air contained within an air bag configured and
arranged to impress a downward bias onto the spindle 24 within the bonnet
40.

It is still further understood that other variations in the present
invention are contemplated and in some instances, some features of the
invention can be employed without a corresponding use of other features.
Accordingly, it is appropriate that the appended claims be construed broadly

in a manner consistent with the scope of the invention.
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to be expl ai ned. A spindle 24 is disposed in the chanber 12e and is
vertically slidable Wi thin the bore 14e, thereby enabling the spindle 24
to slide between a | ower position (depicted in FIG 1) and an upper

posi t'i on (not shggv\g The spindle 24 includes a | ower spdifiseoTds 242
havi ng a f reey? ical configuration which converges toward a flat disc

ortion 24b _ 1 - position shown in FIG 1, matingly
ingages t he %ﬂhg’ &O{@gﬁvﬁe port 12g and to t hereby seal off the
Cﬂa”})er 12e fr3|m uhedpz Qﬂ%)h‘ehéflvallve fbheoﬁumemn in pO$hé t:ﬁﬂy{rfph shown) ,
the | ower spindle en engage the seat e

permtting fmwum%ﬂw a?cq rB'é 4 partiom aeaid %ﬁ’é‘]m ﬁl@ﬁé’pﬁ%\ssageway
12c. A sprin %%g %ﬁg ured to the spi ndl e
24 j ust abovg% pgll‘;tr??ma%lﬂghe?c dtg%eéédyag 'Zglméte s_above the guide

14 (in the |ower pdwidyiincludidg aefirsh opemngrmid alseconyd apenpg fdrceangction in ’
l ocking the re tion t I essi bl e
Vi he versidapeoaf Having ol inkeBof s HeliRe oo sty RibndnBBRT o °
t he spindle saﬂﬂﬁrﬁmpm@mdfsntmmgpmghmddmtiyfhmhlenldmdﬁdmg and a
reduced di anejer er s ort on 2 ext, u rdI fro

shoul der 24c®© eh agﬂ'ﬁgl‘ g %ﬁlﬁfﬁ;tpp fIJ?éﬁf)ﬁ ct ed
in the | over .pRmhihiRAtish &t&eﬂsmﬂmﬁd satiep%ssaﬁgem&tlon 24b exposed

to the passageway 12c¢c is recessed fromthe internal wall of the
passageway 12c a @ spindlecdigposgddnisaid chambenand dagludingif disc fermed opfonee

di sc end of said spindle, said spindle being slidable between a first position in

which said disc is removed from said port and fluid communication is
established between said chamber and said passagéway, and a second position
in which said disc seals said port to prevent fluid communication between said
chamber and said passageway, and wherein, in said second position, the face
of said disc exposed to said fluid in said passageway is recessed from said
internal wall a distance no greater than one half the diameter of said
passageway; and

a spring bearing on said spindle for biasing said spindle in said first
position while said fluid pressure is less than said set pressure.

2. The valve of claim 1 further comprising:

a guide removably secured to said body and defining a bore extending
into said chamber for slidably receiving a portion of said spindle and guiding
said spindle between said first and second positions, said guide further
defining an open-ended portion into which said spindle extends away from
said chamber;

a retention nut threadingly secured to a portion of said spindle
extending from said bore; and

an adjusting screw threadingly secured to said open-ended portion and
bearing against said spring for adjusting the compression of said spring and
for adjusting said set pressure.

This Shee
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portion 24b, thereby mnimzing the potential for retention of product in,
and  consequent plugging of, the PRV 10 and, furthernore, aiding in,
flushing the PRV 10 between product changes

4 - WO 97/ 16665
PCT/ US96/ 07008 The spindle 24 further conprises a conventional

huddl e chm%r 6? e which provides space for fluid enterpewgusdsnmogh the
val ve port é’ expand and create a force lifti ng t he spindle 24 and

e P01 Al ehlar Sl WSl i Bt 0 10
bet ween t hesaididike dxposedita ﬂewspl said pagshgeway is recessed from said infernal -
wall a distance no greater than one fourth the diameter of said passageway.

4. The valve of claim 1 wherein, in said second position, thé face of
said disc exposed to flow in said passageway is recessed from said internal
wall a distance no greater than one tenth the diameter of said passageway.

5.  The valve of claim 1 wherein said adjusting screw includes a bore
into which said spindle slidingly extends.

6. The valve of claim 1 wherein said spindle includes a shoulder
against which said spring bears.

7. A pressure relief valve in fluid communication with a pressurized
fluid, for releasing a portion of said fluid when the fluid pressure exceeds a set
pressure, comprising:

a body defining a chamber having an inlet port and an outlet, said inlet
port providing fluid communication between said chamber and said fluid;

a spindle disposed in said chamber and including a disc formed on one
end of said spindle, said spindle being slidable between a first position in
which said disc is removed from said port and fluid communication is
established between said chamber and said fluid, and a second pesition in
which said disc seals said port to prevent filuid communication between said .
chamber and said fluid;

a guide removably secured to said body and defining a bore extending
into said chamber for slidably receiving a portion of said spindle and guiding
said spindle between said first and second positions, said guide further
defining an open-ended portion into which said spindle extends away from
said chamber;

a retention nut threadingly secured to a portion of said spindle
extending from said bore;

a spring disposed in said open-ended portion of said guide and bearing
on said spindle for biasing said spindle in said first position while said fluid

pressure is less than said set pressure; and

This Sheet Hag Been

wwwn -l



thereby preventing fluid discharged through the PRV 10 from passing _
upwar dl'y between the spindle 24 and the guide 14 through the third opening
12h. The bell ows 28 al so provi des conpensation for di scharge pressure, so
that ‘pressuggodpiss €d to the outlet 12k (FIG 2) of the PR&rsddffos ot
I ncrease the set pressure of the PRV 10. Because the huddl e chanber 24e

nd the bellows 2 n¥eh not scribed in
gny further det ai ?na‘{(ﬁ éi&lré ower eggﬁ%gé\égﬁ&eggéﬁiﬁ %P%eﬂ%‘%e %‘%ﬂn i ng
32, and an upparingmgainst seid lspnngtfoaaéjtmmmr@ectonmrbisﬁom pPedi dsqprived ﬁnd
port_i on 24f (}2} (L " The washers 30 and 34 conprise sl eeve
portions si ze%% Q‘Smﬁflﬁésab £9 P]ﬁeés‘bﬁ?per spi ndl e portion 24d, and flange
portions that extend aBhy valesofelanh i Alptad Gor Qpseslio e h Ifke emrﬁr geve
portions to secure the s r|n 2 t her ebetween on the upper spindlfe portion _

24d. The wasfABIGPERFSUHzed E9in; 3044 body dndlndes a firsh epaning @nd asecond ch
bear agai nst o, gemp%sabaamipiﬁegaleqines %ﬁaagﬁﬁn%m{ REN deihd W pfctGo B0 gy 2"

adj usting screw 38 descri bed bel usting scre
t hreadi ngly &stemding fro mw&%ﬁp@mpenmgoto sdid seglnddepelﬂnarahd ncl udes a bore

38a for receiving PRE scr further ncl ydes a
spherical shoul dewtﬂ\%g%ﬂlJl Si m &gﬁﬁpﬁéglsoﬁlogﬁﬁgce ogl? WFEﬁp?ﬁ‘%’lr al nst
the conical fuid i eai¥ paﬂsagmayms révbssed fronpesad ntdraal ﬁanldﬁﬂls%cfﬁm' S1 ons

(not shown) vveII k wn |n é}ar in¢clyded for sealing the screw 38 to
ensure the i ATEA}P P‘B’éﬁ‘r {Ragsageyvayp .

The valve of claim 8 wherem, in said second position, the face of
said disc exposed to said fluid in said passageway is recessed from said
internal wall a distance no greater than one fourth the diameter of said
passageway.

10.  The valve of claim 8 wherein, in said second position, the face of
said disc exposed to said fluid in said passageway is recessed from said
internal wall a distance no greater than one tenth the diameter of said
passageway.

11. The valve of claim 7 wherein said adjusting screw includes a bore
into which said spindle slidingly extends.

12.  The valve of claim 7 wherein said spindle includes a shoulder
against which said spring bears.

13. A pressure relief valve in fluid communication with a pressurized
fluid, for releasing a portion of said fluid when the fluid pressure exceeds a set
pressure, comprising:

a body defining a chamber having an inlet port and an outlet, said inlet
port providing fluid communication between said chamber and said fluid;

a spindle disposed in said chamber and including a disc formed on one
end of said spindle, said spindle being slidable between a first position in
which said disc is removed from said port and fluid communication is
established between said chamber and said fluid, and a second position in

which said disc closes said port to prevent fluid communication between said
- chamber and said fluid; T
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A bonnet 40 includes a flange 40a which bears down on the lip portion
of the guide 14 against the force of the conpressed spring 32 to seat the
lip portion 14a in _the cut-out 12i F—)n(‘l, while so.bearinag dﬁ\'l\_ﬂ, s—secured

1l4a

I
to the flange 12 in a conventional manner, such as by a clanp or bolts -

and nuts

bonnet 40

seal

encl ose the

t he

(not shown). A threaded opening 40b is defined in the top of the
dnéssbonnet ‘plug 42 is removably secured in pbeusgsrroesg 40b to

opening 40a. The bonnet 40 and bonnet plug 42 thus not only

e spring

o D e e S8 Net Whon bl Bl ¥eShA P posifbs, i3 B Hortile

Fur t her nor e;

defining an open-ended portion into which said spindle extends away from
said chamber;

a retention nut secured to a portion of said spindle extending from said
bore;

resilient means disposed in said open-ended portion of said guide and
bearing on said spindle for biasing said spindle in said first position while
said fluid pressure is less than said set pressure; and

an adjusting screw threadingly secured to said open-ended portion and
bearing against said resilient means for adjusting the compression of said
resilient means and for adjusting said set pressure.

14. The valve of claim 13 adapted for connection in a line carrying
said pressurized fluid wherein said body includes a first opening and a second
opening for connection in said line, and an interior wall defining a passageway
extending from said first opening to said second opening; and

wherein, in said second position, the face of said disc exposed to said
fluid in said passageway is recessed from said internal wall a distance no
greater than one half the diameter of said passageway.

15. The valve of claim 14 wherein, in said second position, the face of
said disc exposed to said fluid in said passageway is recessed from said
internal wall a distance no greater than one fourth the diameter of said
passageway.

16. The valve of claim 14 wherein, in said second position, the face of
said disc exposed to said fluid in said passageway is recessed from said
internal wall a distance no greater than one tenth the diameter of said
passageway. .

17. The valve of claim 13 wherein said adjusting screw includes a
bore into which said spindle slidingly extends. -

18. The valve of claim 13 wherein said spindle includes a shoulder

against which said resilient means bears.
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‘renders the adjusting screw 38 readily accessible. During assenbly
of the PRV 10, a bonnet clanp (not shown) is used to retain the spring 32
i n conpression. The spring load retention nut 26 is then adj usted so that
when the bonnet clanp is renoved, the spring force on thepcrf§ushids32 | S

" retai ned WOWM$6E he adj usting screw 38 and the spring | oad retention nut

26. The addition of t retentjqn, nut 26 aids |p the safe di sagsenbl y of
{the PRV 10 and all®e ea‘iﬁl‘@é"ﬁ cmlfowgsr% sﬁffg'é%%rié |TBEANS IFULERAni ng
wi t hout tanpg j with the set pressure adjusting screw 38. The gui de 14

is then seated n the cut-out 12i and secured thereto via the hognet
fl ange 40a whi ch20s sherwaive of elpimiiSwhereinjsaid resiientougays maladegia yst i ng

screw 38 is i 0 S I AQ:432 and to cause a predeterm ned
downwar d foP@Mﬁ%lﬁemg%ﬂegﬁfﬁﬁﬁ%%épﬁ ‘e 24 to seat the |ower spindle
end 24a onto the seat 12f thereby sealing the port 12g. The openings 12a ’
and 12b are connected, using conventional fittings (not shown), in a
section of a fluid flowline (not shown) and the outlet 12k (FIG 2) is .
connected to an exhaust |ine (not shown). In operation, the fluid
flow line and the passageway 12c are pressurized wth fluid. The fluid
pressure then exerts an upward force F2 onto the disc portion 24b equal
to the product of the pressure and the area of the disc portion 24b
exposed to the fluid pressure. The force F2 is thus directly proporti onal
to the pressure of the fluid. If the force F2 exceeds the force F1,

Iy g
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then the disc portion 24b as well the entire spindle 24 nove upwardly
permtting fluid to be discharged through the port 12g, the chanber 12e,
and out through the outlet 12k (FIG 2) to the exhaust line ther ph’y- -

relieving the pressure of the fluid and reducing the force F2 on the disc
portion 24b. Wen F2 falls below F1, the spring 32 urges the | ower

spi.ndl e e‘ggg%i%égai nst the seat 12f so that the disc pefhisodo7ddd seal s

of f the port g and fluid ceases to flow fromthe passageway 12c through 3
the port 12g and the outlet 12k. Thd€? whenever the pressure in the '

passageway 12c exceeds a predetermn ned "set" pressure, fluid is rel eased
and pressure is relieved, thereby ensuring that the
- 6- WD 97/ 16665
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pressure in the |line does not exceed the set pressure plus the allowable
OVET Pressure. Because the S€l pressure rs proporvironal to the spring 1oOrct —
F1, the set pressure may be adjusted by tightening or |oosening the
adj usting screw 38 thereby i ncreasing or decreasing, respectlvel&
conpr essi ve WBPEES6% the spring 32 acting on the spindl e 2£CT/US b'"mlt i's
qoted that, as discussed above, the face of the disc portion 24b exposed
to fluid in the passageway 12c is rece@f2d fromthe internal wall of the
~ passageway 12c a distance no greater than one fourth the dianmeter of the
passageway 12c. It is understood that this proportion may vary from one
fourth, and may, for exanple, be one, one-half, one-tenth, or even zero (if
"the face of the disc portion 24b is flush with the internal wall of the
passageway 12c). It is further understood, though, that as the proportion
is.increased, the advantages described above which accrue froma small
rati o accordingly decrease, which advantages include reducing the
potential for. the retention of product in, and consequent plugging of, the
PRV 10 and, also aiding in the flushing and cleaning of the PRV 10 between
product changes. It is further noted that references nade above
regardi ng the | ocation of one conponent or aspect of the present invention
relative to another conponent or aspect are nmade with reference to the
orientation of the ihﬁbntion as ddflicted in FIG 1. It is understood that
t he present invention \may_be utiljzed in a variety of orientations wherein
such rel ative | ocation ~12i '

O 1z
7 ,
5
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woul d change accordingly. It is further understood| tRERLACERIENDr SHEET
R RE-S—SsuU6h-

- 32 may be supplenented or replaced with other resilient eleé
pneumatically controlled conpressible fluid or an el ectrpmcha pl,g,

actuator. The conpressible fluid may, for exanple, inclufle arr’ co’ra{% ﬂ%d
Wi thin an air bag conflgured and arrang@d to inpress a dDWJ

a

t he spi nle"%T\;Q%, 1A | i t%onnet . It is still jurther understood

t hat ot her vari e present i nvention are contehptrated—amd—+n
sone i nstances, 1sorrEAfme$sure3'ehéf vahe forroominection traa line enpfimy acoressurized a

O POl aF 19 it Bon st o Wit SRR Pl S
scope of t ageddisenkbPpPressure, said valve comprising : -7 -

a body having an interior wall defining a passageway extending, through being
connectable in-line between upstream portion of said line and a downstream portion
of said line flows through said passageway, said body further including a chamber
having an inlet port and an outlet, said inlet port providing fluid communication
between said chamber and said passageway;

a spindle disposéd in said chamber and including a disc formed on one end
of said spindle, said spinlee Eeing slidable between a first position in which said disc
is removed from said port and fluid communication is established between said
chamber and said passageway, and a second position in which said disc seals said
port to prevent fluid communication between said chamber and said passageway, and
wherein, in said second position, the face of said disc exposed to said fluid in said
passageway is recessed from said internal wall a distance no greater than one half |
the diameter of said passageway; _

a guide removably secured to said body and defining a bore extending into
said chamber for slidably receiving a portion of said spindle and guiding said spindle
between said first and second positions, guide further defining an open-ended portion
into which said spindle extends away from said chamber;

a retention nut threadingly secured to a portion of said spindle extending from
said bore;

a spring disposed in said open-ended portion of said guide and bearing on said
spindle for biasing said spindle in said first position while said fluid pressure is less
than said set pressure; and

an adjusting screw threadingly secured to said open-ended portion and bearing

against said spring for adjusting the compression of said spring and for adjusting set
pressure.
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8 WHAT IS CLAIMED I S; 1. A pressure relief valve RIGHLACOMRNEt SHEET

a line carrying a pressurized fluid, and for releasing afpgrttonof—sart

fluid when the fluid pressure in said |ine exceeds a set|pf _es;_syr;gzﬁgs%%gi

val ve conpri si ng: a body having an interior wall defifi ngd T

passageway extending through said body, 9aid body being ¢o mettabte-Tm=11 n

between an upstream portion of said line and a downstream portion of sai d

line and being configured such that substantially all of sard pressurtzed

fluid that fl o@s fr®hevaive mfmlaine:hrwhmghi, fmsaiti staoAd |do_@l§iogpg@$aéetdﬁhvﬂﬁd ream
ortion of.said line, fl ows.through sai assageway, sai yody further

Pncl udi ng95CcH F%\ﬂPWg'naﬁa‘dngﬁsW‘ﬂ'aﬁdr%ﬁ?sﬁé@IfEFEr{‘ 23id dntesnal wallra
rovidin ' Pkt ' UMPEIhe S HYRG aﬁ%\n% assageway;

g spi ndl gdfjs!tzhpddésgg in Egiﬂ?ﬁhaér)rgier angs?%'glﬁségi ng gd glagsc for r¥gd on one end

of said spindle, said spindle being slidable between a first position in

ich said di i A Sal t . f | ui nication is .
o5t abl | ahed bePieen aANS, Sl 3 \thatginy if Sy’ seiofl TN, BRLESR A1 1 on
in which disicdexthaseds talflows i dajgopassagewagy nteddssied fesrnmsditl Ciatdragl daliveen

sai d chamher and sai d passagewa nd wherein, I.n said second position, the
face of g?fs&a'?ﬁesgo 8&%%‘55@’#‘80%%%6"3% Aigmeter of said passageway.

1”4

4, The valve of claim 1 wherein said adjusting screw includes a bore into
which said spindle slidingly extends. B

5. The valve of claim 1 wherein said spindle includes a shoulder against
which said spring bears.

6. A pressure relief valve in fluid communication with a pressurized fluid,
for releasing a portion of said fluid when the fluid pressure exceeds a set pressure,
comprising :

a body defining a chamber having an inlet port and an outlet, said inlet port
providing fluid communication between said chamber and said fluid;

a spindle disposed in said chamber and including a disc formed on one end
of said spindle, said spindle being slidable between a first position in which said disc
is removed from said port and fluid communication is established between said
chamber and said fluid, and a second position in which said disc seals said port to
prevent fluid communication between said chamber and said fluid:

a guide removably secured to said body and defining a bore extending into
said chamber for slidably receiving a portion of said spindle and guiding said spindle
between said first and second positions, said guide further defining an open-ended
portion into which said spindle extends away from said chamber;

a retention nut threadingly secured to a portion of said spindle extending from
said bore;

N T



_ _ REPLACEMENT SHEET
sai d -passageway is recessed fromsaid Internal wall a di sta1cI Ro-greater

than one half the dianeter of said passageway; a guifle r%npv&b%%@G
secure to said body and defining a bore extending into saidfc arbérhgriass
slidably receiving a portion of said spindle and guiding sald

bet ween said first and second positions,10sai d guide furtherjdefining an

open-ended portjQn.i ' | oJ . f ro-ﬂﬁsard—eha-ng.eﬁ‘
et ent 1 on' nut® FRIMLARRAF I 3R ShAPERIeCrtbE R Sy s R BRI g
from sai d &uinele for biasing saidspimile th said<est position white saidefiule presyure M 1cek

sai d guide,and bearjng on said spindle for biasing said spindle in said
first posiﬁ%‘r?%ﬁis? p%&?ﬂrq"laﬁ‘pd pressure is |ess than said set pressure;

and an adlhupislingscreiantdalitifidtinyd fFG Bfed-8nddl BoRRAMMAENINg
portion and bearing against said spring for adjusting t conpr essi on”of

sai d spri naginst aidl sprng fes adivstisa the eempigssionaf said spring and for adjusting said

REPLACEMENS 1351664 ure.

T

7. The valve of claim 6 adapted for connection in a line carrying said
pressurized fluid wherein said body includes a first opening and a second o-pening for
connection in said line, and an interior wall defining a passageway extending from
sa—id first opening to said second opening; and

wherein, in said second position, the face of said disc exposed to said
- fluid in said passageway is recessed from said internal wall a distance no greater
than one half the diameter of said passageway.

8. - The valve of claim 7 wherein, in said second position, the face of said
disc exposed to said fluid in said passageway is recessed from said internal wall a
distance no greater than one fourth the diameter of said passageway.

9. The valve of claim 7 wherein, in said second position, the face of said
disc exposed to said fluid in said passageway is recessed from said internal wall a
distance no greater than one tenth the diameter of said passageway.

10.  The valve of claim 6 wherein said adjusting screw includes a bore into
which said spindle slidingly extends.

11. The valve of claim 6 wherein said spindle includes a shoulder against
which said spring bears.

12. A pressure relief valve in fluid communication with a pressurized fluid,

for releasing a portion of said fluid when the fluid pressure exceeds a set of pressure,
comprising:

e 777;7%7177/7/]}7]}};}7“ :



2. The valve of claim1 wherein, in said second positilopgptsGEMEEe SOEET
sai d disc exposed to flow in said passageway i s recessed onpsa+d"rnr€ﬂn
wal | a distance no greater than one fourth the dianeter lof sg PS5 IGEeviay
3. The val ve of claim 1l wherein said adjusting screw des &' bore
into which said spindle slidingly extents. 4 wet-ve—of Tl al
1 wherein said spindle includes a shoul der agai nst mhlchxiijd spring bears!
5. A pressure relief valve in fluid comruni cati on w t h—a—ptessurtzed

fluid, for rel aasddygdénney &l cHanfbersitdving bHiifleYBBR driteah ldutidt, RERS Hik
exceeds a set. Eresdswtjrew risi ner d Wﬂ defining a ch arr‘oetrep avi ng

an inlet PEdi a&'%cemmwcat@al qWﬁﬁ@tsaISbmafbb@’zal@ﬂ g@idifluidid cormmuni cati on
CFameer ngs e B8t by BRARG o ARG oh i
of said spindle, gsald spindle being slidable between a first position in which said disc
is removed from said port and fluid communication is established between said
chamber and said fluid, and a second position in which said disc closes said port to
prevent fluid communication between said chamber and said fluid;

a guide removably secured to said body and having a bore extending into said
chamber for slidably receiving a portion of said spindle and guiding said spindie
between said first and second position, said guide further defining an open-ended )
portion into which said spindle extends away from said chamber;

a retention nut secured to a portion of said spindle extending from said bore:

resilient means disposed in said open-ended portion of said guide and bearing

on said spindle for biasing said spindle in said first position while said fluid pressure
is less than said set pressure; and

an adjusting screw threadingly secured to said open-ended portion and bearing
against said resilient means for adjusting the compression of said resilient means and
for adjusting said set pressure.

13.  The valve of claim 12 adapted for connection in a line carrying said
pressurized fluid wherein said body includes a first opening and a second opening for
connection in said line, and an interior wall defining a passageway extending from
said first opening to said second opening; and

wherein, in said second opening, the face of said disc exposed to said fluid in

said passageway is recessed from said internal wall a distance no greater than one
half the diameter of said passageway.

14.  The valve of claim 13 wherein, in said second position, the face of said
disc exposed to said fluid in said passageway is recessed from said internal wall a
distance no greater than one fourth the diameter of said passageway.
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of said spindle, said spindle being slidable between a fir tRESBéWMWT iSHEE

BT

whi ch said disc is renoved fromsaid port and fluid communf chtion TS
est abl i shed between said chanber and said fluid, and a secpnfl poBiXiDEIMNn

whi ch said disc seals said port to prevent fl ui d communi cait i pn_bet ween sai

chamber and said fluid; a gui de ri@rovably secured tjo sai d body an
defining a bore extending into said chanber for slidably rleceiving a

d

portion of said spindle and guiding said spindle between said first and
second posi ti ond5. saTUegalvémffalmmh‘Ei wdefélmimgawwse:qwd position, fi facenfisaid

whi ch d I ndl t d d cha t t
i cad ngl §RSTAERRSD A, BR, 5] PRSHABeUEY 18 ecseel o Foid iemahwalisor o

10 2 diean Onéligs@ete £ thanloridtehtio RN dRskEr BPééld%s yl gui de and
bearing on said spindle for biasing said spindle in sai dgfl r'st position

while said fluid pressure is |less than said set pressure; and
16.  The valve of claim 12 wherein said adjusting screw includes a bore into

which said spindle slidingly extends.

17.  The valve of claim 12 wherein said spindle includes a shoulder agéinst
which said resilient means bears.

18.  The valve of claim 12 wherein said resilient means includes a spring.

19. The valve of claim 12 wherein said resilient means includes a
pneumatically controlled compressible fluid. |
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an adjusting screw threadingly secured to said open-ende
beari ng agai nst said spring for adjusting the conpressio
and for adjusting said set pressure. 6. The va
adapt ed—f-or connection in a line carrying said pressuriz
said body includes a first opening and a second opening
said line, and an interior wall deflnlﬁg a passageway ex

first operSH groto said second opening; and erein, in sai d
second po HADAS (HMED: 167 sai d di sc exposed to said frorg—Tmsaid

passageway is recessed fromsaid internal wall a distance no greater than
one half the d|1arret Arpressmreﬁetmiw@emnectm in a ling canying epressunzedf claim

6 wherein, second posj.tio e to said
fluid in 5&?@%@ @&ng iﬁﬁ? ?‘5 |"ﬁéﬂﬁﬁe&ﬁ%&§m %?g?ﬂgstance no
greater t%&&e@ﬂ'@afs@vﬁkbsﬁrbasﬁdmé%mﬁﬁssﬁ@ d passageway - The
val ve of claim6 wherein, In said second 03| tion, ce of sai d di sc
exposed to sai @ body having aninteriorwall defiting # & @f@lﬁ@%&f%snﬁ%ﬁnm

wal | a  pody, said body being connectable In-fine between an upsiream portion of'sald fine.
and a downstream portion of sald line and belng configured such that substantially
all of séld pressurized fluid that fiows from said upstream portion of said line to saic
downstream pomon of said line ﬂows through said passageway. said body further
mcludmg a chamber having an mlet port. -and-an ouﬂet said mlebport providing fiuid
communication between said chamber and said passageway'

a spindle disposed in sald chamber and including a disc formed on one end
of said spindle, said spindie being slidable between a first position in which said
disc is removed from said port and fluid communication is established between said
chamber and said passageway,-and 3 sacond posmon in which said disc seals said
port to prevent fiuid communication between said chamber and said passageway,
and wherein, in said second position, the face of sald disc exposed to said ﬂUId in
said passageway is recessed from said internal wall a distance no greater 'chan one
half the diameter of saxd_ passageway.

a guide removabty sei:ure?_d to sald body and defining a bore extending .into
said chamber for slidably receiving a portion of said spindle and guiding said
spindle between said first and second positions, said guide further defining an
open-ended porfion into which sald spindle extends away from said chamber;

a retention nut threadingly secured to a portion of said spindle extending
from said bore; | |

~n_er+|nn and
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a spring disposed in said open—endéd portion of said guide and hearing on
said spindle for biasing said spindle in said first position while said fiuid pressure is
lass than said set pressu-re; and

an adjusting screw threadingly secured to said open-ended portion and
bearing against said spring for adjusting the compression of said spring and for
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di stance no greater than one tenth the dianmeter of said p
9 . The valve of claim5 wherein said adjusting screw ingl ld€S a bore 1nfo
whi ch said spindle slidingly extends. 10. The val
wherein said spindle includes a shoul degr agai nst which saljd

11. A pressure relief valve in fluid Conmunication with 3

fluid,

exceeds a set 2.of PrEsSsY

 RERLAGEYENT SHEET
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spring bears.

for releasing a portion of said fluid when the flujjd pressure

h pressuri zed

e, rising.. . . .
e va{ve ofC c?% I‘Is\nllhneg}em, in said secorid position, the face of said
disc exposed to flow in said passageway is recessed from said internal wall a
distance no greater than one fourth the diameter of said passageway.

3. The valve of claim 1 wherein said adjusting screw includes a bore into
which said spindle slidingly extends.

4. The valve of claim 1 wherein said spindle includes a shoulder against
which said spring bears.

5. A pressure relief valve in fluid communication with a pressurized fluid,
for releasing a portion of said fluid when the fluid pressure exceeds a set pressure,
comprising :

a body defining a chamber having an inlet port and an outlet, said inlet port
providing fluid communication between said chamber and said fluid,;

a spindle disposed in said chamber and including a disc formed on one end
of said spindle, said spindle being slidable between a first position in which said disc
is removed from said port and fluid communication is established between said
chamber and said fluid, and a second position in which said disc seals said port to
prevent fluid communication between said chamber and said fluid;

a guide removably secured to said body and defining a bore extending into
said chamber for slidably receiving a portion of said spindle and guiding said spindle
between said first and second positions, said guide further defining an open-ended
portion into which said spindle extends away from said chamber;

a retention nut threadingly secured to a portion of said spindle extending from
said bore;

‘\{l {yll_lj I lll!l i




11 - a body defining a chanber having an inlet port anfl &an outlet,
said inlet port providing fluid conunication between said fhan3et Ml {889 d
fluid, a spindle disposed in said chanber and includi hgia disc fornmed

on one. end of said spindle, said spindle being slidable bet Jveen a first
position in which said disc is renoved fi%m sai d port and f

netALLEViLal ofitstl |

communi cat i on | g sBAGAishBSESNAAIYB-SRdSl SR8 a%fﬁagufo@%dﬁéarg.g Hhi@

second posi-tion i sald 0 prevent
comuni cat smndbefov\@mmgasaidcsmdb@un aaid fissti snthm while said fluid gressore csnbsabl y

secured to av g a bore extending into said chanber for
slidably r@%&%ﬁ%ggpg&gyﬁ sai d spindle and guiding said spindle

bet ween sai d flashdmﬂngemmdhminglmcus@d%mddperi-andédapomehianurb@aﬁng
open-ended. portiqn into_which said spindle extends away fr.om sai d chanber;
a retenti of9ANE Said sPARM fa5 adiystipg |'Eﬁ1°‘§ﬂpr§&§'8"§;§§ﬁ I%’“SQ@@HJPh jpsting said o

bore; sef Sigsky@Nt neans disposed in said open-ended portion of said
gui de and bearing on said spindle for biasing said spindle in said first
position while said fluid pressure is | ess than said set pressure; and

o0 c st 0, oo LRSI BB Sabheif SREERALIE R BRL BoPlEn o,
resilient prsssariaediflfidwredeingaidhbodgindiudes affirstpenihg and a second opening for
co_nnection in said line, and an interior wall defining a passageway extending from
said first opening to said second opening; and
wherein, in said second position, the face of said disc exposed to said
- fluid in said passageway is recessed from said internal wall a distance no greater
than one half the diameter of said passageway.

7.~ The valve of claim 6.wherein, in said second position, the face of said
disc exposed to said fluid in said passageway is recessed from said internal wall a
distance no greater than one fourth the diameter of said passageway.

8. The valve of clainr 6 wherein, in said second position, the face of said
disc exposed to said fluid in said passageway is recessed from said internal wall a
distance no greater than one tenth the diameter of said passageway.

9 . The valve of claim 5 wherein said adjusting screw includes a bore into
which said spindle slidingly extends.

10. The valve of claim 5 wherein said spindle includes a shoulder against
which said spring bears.

11. A pressure relief valve in fluid communication with a pressurized fluid,
for releasing a portion of said fluid when the fluid pressure exceeds a set of pressure,
comprising:
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12 . .The valve of claim 11l adapted for connection in
pressurized fluid wherein said body includes a first o
opening for connection in said line, and an interior
passageway extending fromsaid first opening to said s¢cd
wherein, in said second position, the fldce of said dis 5
fluid in said passageway is recessed fromsaid internal} wall a distance o
greater than one half the diameter of said passageway. 137 The
val ve of cl ai nalbdyhdefming aichastiet fewingnan jrist pord andtdreobittete saitl inkt ot SC
exposed to sai.d fluid in sai ssageway. i s recessed fraom said internal
wal | a di SFOYiiRg flyi F%Hw'@ﬂaﬁ%&ﬁ@g%a#@m@%%aéﬁa 'sai d passageway.
a spindle disposed in said chamber and including a disc formed on one end
of said spindle, said spindle being slidable between a first position in which said disc

is removed from said port and fluid communication is established between said
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chamber and said fluid, and a second position in which said disc closes said port to
prevent fiuid communication between said chamber and said fluid;

a guide removably secured to said body and having a bore extending into said
chamber for slidably receiving a portion of said spindle and guiding said spindle
between said first and second position, said guide further defining an open-ended
portion into which said spindle extends away from said chamber;

a retention nut secured to a portion of said spindle extending from said bore;

resilient means disposed in said open-ended portion of said guide and bearing
on said spindle for biasing said spindle in said first position while said fluid pressure
is less than said set pressure; and

an adjusting screw threadingly secured to said open-ended portion and bearing

against said resilient means for adjusting the compression of said resilient means and
for adjusting said set pressure.

12. The valve of claim 11 adapted for connection in a line carrying said
pressurized fluid wherein said body includes a first opening and a second opening for
connection in said line, and an interior wall defining a passageway extending from
said first opening to said second opening; and

wherein, in said secondposition,the face of said disc exposed to said fluid in
said passageway is recessed from said internal wall a distance no greater than one
half the diameter of said passageway.

13. The valve of claim 12 wherein, in said second position, the face of said
disc exposed to said fluid in said passageway is recessed from said internal wall a
distance no greater than one fourth the diameter of said passageway.

iy
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t he face of said disc exposed to said fluid in said passag
fromsaid internal wall a distance no greater than one tenth tha Qk@n??gr
of sai d passageway. 15. The valye of claim 1l whe
adj usting screw includes a bore into whith said spi ndl e sl
16 .
agai nst which said resilient nmeans bears. 17

14 . The val ve of claim 12 wherein, in said s¢g

The valve of claim 11 wherein said spindle includes
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T
llwherein said nesil |Téletvat\faanfsclalntR%Mé‘@f%lnslprsalﬁbsecom positiorg the fapgof\saiq, e

of claim 11, wherein

control | ed HIHFrRSS
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distance no greater than one tenth the diameter of said passageway.

15.. The valve of claim 11 wherein said adjusting screw includes a bore into

which said spindle slidingly extends.

16 . The valve of claim 11 wherein said spindie includes

which said resilient means bears.

17 . The valve of claim 11wherein said resilient means

18 . The valve of claim 11. wherein said resilient

pneumatically controlled compressible fluid.

a shoulder against

includes a spring.

means includes a

O
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(54) Title: PRESSURE RELIEF VALVE

(57) Abstract

A pressure relief valve has a body (12) including a chamber
(12¢) having an inlet port (12g) and an outlet (12k), the inlet
port (12g) providing fluid communication between the chamber
(12¢) and the passageway. A guide (14) is removably secured
to the body (12) and defines a bore (14e) extending into the
chamber (12¢) and an open-ended portion extending away from
the chamber (12e). A spindle (24) is slidably disposed in the
bore (14¢) between a first position in which the port is open and
a second position in which the disc (24b) exposed to the fluid in
the passageway is recessed from the internal wall & distance no
greater than one half the diameter of the passageway. A spring
(32) and edjusting screw (38) are disposed in the open-ended
portion of the guide and bears on the spindle (24) for biasing the
spindle (24) in the first position while fluid pressure is Jess than
a set pressure.
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