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VALVE &  GAGE    Although conventional safety relief valves COMPANY, of 43
Kendrick Street, Wrentham,  of the type described operate effectively at
Massachusetts, United States of America, a  low to medium pressures,
serious obstacles corporation organised and existing under the  arise when
they are used in systems oper- 55 5 Laws of the Commonwealth of Massa-
ating at high pressures, for example pres- chusetts, United States of
America, do here-  sures in the raneg of 1,500 to 3,000 pounds by declare
the invention, for which we pray  per square inch (psi). At these pressures
it that a patent may be granted to us, and the  is extremely difficult to
control the lifting method by which it is to be performed, to be  force, as
balanced against the spring force, 60 10 particularly described in and by
the follow-  so that the valve operates within a three ing statement: -
percent full lift and a four percent blow- This invention relates to a
safety relief  down. These difficulties are characterized valve, and
specifically but not exclusively  by the fact that if the full lift
criteria are a safety relief valve for use in a high pres-  met, the
blow-down pressure is more than  65 15 sure system vented to atmosphere.
four percent below the set pressure. One In high pressure systems, such as
steam  solution is to use a heavier spring. It was boilers and the like, it
is necessary to have a  found, however, that the extra spring force safety
relief valve that cracks open to re-  did not allow the valve to open fully
within lease pressure at a set value, reaches a full the desired
overpressures. Other attempted  70 20  open position quickly, and closes or
reseats  solutions include alterations in the shape of after the pressure
falls to a safe level. Gener-  the valve, various combinations of springs
ally accepted criteria are that the valve should  and dimensional changes
in the valve, and open fully when the system or boiler pres-  the
application of an auxiliary closing force. sure is within three percent
above the stt An example of the latter method is disclosed  75 25  pressure
and that it should reseat when the  in U.S. Patent 3,401,718 issued
September system pressure is within four percent below  17, 1968 to W. H.
Bowen et al. The auxi- the set pressure. These characteristics are  liary
force is generated by creating a limited commonly termed a three percent
"full lift"  pressure chamber over the surface of the and a four percent
"blowdown".           valve piston opposite to the seat or nozzle. 80 30
It is well known in the art to achieve a  After the valve pops open, the
chamber de- three percent full lift by utilizing a valve  velops a back
pressure limited by an overlap piston having a seating face that overhangs
collar on the spindle which has lifted to the seat or nozzle. A spring that
urges the  vent the chamber, thus avoiding an exces- valve to close is
adjusted so that the valve  sively sudden closing of the valve. This ar- 85
35 cracks or begins to open at the set pressure, rangement has
disadvantages.  When the whereupon a "build-up" pressure due to  valve
recloses and the collar seals, the back fluid flow in the valve outlet then
acts on the  pressure build up may become so sudden overhang area of the
valve face in addition  and large that the valve slams closed with to the
area defined by the seat. The result-  sufficient force to damage the valve
piston  90 40 ing additional upward force quickly "pops"  or the seat.
Further, when the valve is the valve to its full lift position. This action
seated, residual fluids in the chamber then is frequently aided by a nozzle
ring and a  act on the valve face causing the valve to re- guide ring, both
adjustable, which are well  open. This results in a highly undesirable
known. In the full lift position the rate of  rapid cycle operation known
as "chatter".  95 45 flow of fluid from the boiler or other vessel    U.S.
Patent No. 2,880,751 issued April to the valve outlet is limited only by
the  7, 1956 to R. A. Tobis et al discloses an- nozzle bore and the
pressure is therefore  other safety valve that utilizes a chamber reduced
in a minimum time. As the pres-  above the valve piston to assist the valve
sure falls, the lift force acting on the valve  closing. This valve,
however, is designed 100 50 face is reduced until the spring force is  to
operates with a closed bonnet that does dominant and the valve reseats
suddenly.    not vent to the atmosphere. When the valve  



1,483,127                                    2 is closed any superimposed
back pressure at port or ports formed in the guide ring at a the valve
outlet communicates with the  point or points above the venturi passage.
chamber, and acts to hold the valve closed  A second upwardly narrowing
annular pass- and therefore changes the set pressure. Thus, age may be
located directly below the first 5 it is necessary that the superimposed
back  passage and formed by and between the 70 pressure be held to an
acceptable level. The  valve head and the guide ring. Apertures Tobis valve
also has means to achieve re- machined in the lower end of the sleeve and
duction by build-up back pressure in the  machined channels in the guiding
diameter chamber after opening, by placing  an  of the valve head against
the sleeve, can be 10 educator sleeve in the chamber, within the  arranged
to provide fluid communication  75 walls of the valve sleeve and disposed
in  from the valve face to the chamber, and the the fluid stream between
the fluid inlet to  rate of build-up of pressure in the chamber the chamber
and the valve outlet passage. can thereby be controlled. The present
invention consists in a safety    A piston mounted on the valve stem may 15
relief valve having, in combination, a body  be arranged to be slidable in
a bushing in  80 having inlet and outlet passages each com- the upper
portion of the sleeve and thereby municating with a space, an annular valve
seal the chamber. The piston can also pro- seat forming an end of the inlet
passage  vide a pressure surface to balance some of communicating with said
space and a sleeve  the build-up pressure closing force on the 20 forming a
valve guide co-axial with and  side of the valve head opposite to the
nozzle, 85 axially spaced from the seat,           and therefore cushions
the closing movement a guide ring having one end connected to  of the
valve. Another pressure chamber, said sleeve forming the valve guide and
the  also controlled by the annular passages, can other end open to said
space and extending  be arranged to act on an overhanging lip of 25 towards
the plane of the seat in spaced co-  the valve head located below the lower
sleeve 90 axial relation thereto, and             end. a valve member
slidable in said valve    An embodiment of the present invention guide and
comprising a stem and a head  will now be described by way of example,
having a disc closable on the seat, the head  with reference to the
accompanying draw- 30 being movable with an annular clearance in  ings in
which:                       95 the guide ring, the guide ring defining a
fluid   Fig. 1 is a sectional elevation of a safety passage extending from
said space substan-  relief valve embodying the features of this tially at
said plane, exteriorly to and axially  invention and showing the valve in
the seated of said sleeve and valve to a port open to  position. 35 said
space, said fluid passage decreasing in    Fig. 2 is an enlarged view of
the central 100 cross-sectional area between said plane and  portion of
Fig. 1 showing the valve in the a region between said plane and the port,
full lift position. said annular clearance being in fluid com-   The valve
shown in Figs. 1 and 2 is en- munication with said region.
closed within a body 12 having an inlet pass- 40   A valve may be made
according to the in-  age 14 and an outlet passage 16. Attached 105 vention
as a safety pressure relief valve with  to the upper portion of the body 12
is a a spring bonnet vented to atmosphere that spring bonnet 18, only the
lowest portion of achieves full lift at a minimal overpressure, which is
shown. The bonnet 18 and the that also has an acceptably small blow-
outlet passage 16 are open to the atmo- 45 down, and that operates without
damaging  sphere. A nozzle 20 is threaded into the 110 the valve on
closing, or causing chatter.  inlet passage of the body 12. The upper A
safety relief valve may be made ac- end or seat of the nozzle 20 is engaged
by a cording to the invention which has a con-  valve disk insert 22. An
adjustable nozzle  - trolled, balanced operation, which is re-  ring 24 is
threaded onto the nozzle and re-  - 50 liable, easily adjusted, and which
does not tained by a set screw 26. A threaded hole 115 substantially
increase the cost of manufac-  27 in the body 12 provides drainage. ture as
compared to conventional safety    A disk holder 28 together with the disk
valves.                                 insert 22 form the head of the
valve. When A safety relief valve can be constructed  the valve is open the
build-up pressure due 55 in accordance with this invention having a  to the
flow of fluid acts on the overhanging 120 tapering or conical surface
formed on the  area 30 of the disk holder 28 to add to the outer end
portion of a valve sleeve, and co-  lifting force on the valve, causing it
to "pop" acting with an apertured guide ring to con- open. The disk insert
22 is restrained 



trol the flow of effluent fluid to a chamber  against the inlet pressure by
a spindle or 60 formed over a valve piston. The conical valve stem 32 urged
downwardly by a spring 125 (tapering) surface, in co-operation with the
34. The spindle 32 has a spindle ball 36 at guide ring that forms an
axially adjustable  its lower end which bears on an insert bear- extension
of the sleeve, forms a first up-  ing 38 disposed between the spindle ball
and wardly narowing annular eductor passage  the disk insert 22. A
retaining ring 40 65 that communicates with an exit aperture  threaded to
the disk holder retains the bear- 130    3
1,483,127                                     3 ing 38 in position. The
retaining ring 40  sleeve 44, and a piston 70. The piston 70 also has
inward facing threads 42 that re-  is mounted around a portion of the
spindle tain the spindle 32 in relation to the disk  32 with a labyrinth
seal 72 formed on its holder 28. A pin (not shown) inserted in  outer
surface. The seal 72 is in contact with 5 the hole 43 retains the disk
insert 22 in the  a bushing 74 mounted on the sleeve 44. A  70 holder 28.
snap ring 76 retains piston 70 on the spindle The disk holder 28 slides
freely in a  32. The piston 70 and labyrinth seal 72 serve cylindrical
valve sleeve 44 between a closed  to contain the fluid diverted to the
chambers or seated position shown in Fig. 1 and a  66 and 68 by the control
passages 58 and 10 full lift position shown in Fig. 2. In the  60. Also,
the lower surface 78 of the piston  75 full lift position, the lower end of
the  70 provides a pressure surface that tends to sleeve 44 is in contact
with an upper lip  cushion the closing movement of the valve surface 46 of
the disk holder 28. Channels  head. Preferably the outer diameter of the 48
in the guiding diameter of the disk holder  piston 70 is approximately the
same as that 15 28 provide a fluid passage between the disk  of the disk
insert 22.              80 holder and the sleeve 44. Apertures 50    When
the valve is closed, as shown in formed in the lower end of the sleeve 44
pro-  Fig. 1, the system pressure in the inlet pass. vide a fluid passage
between the lip 46 and  age 14 and nozzle 20 acts on the area of the the
sleeve when the valve is in the full lift disk insert 22 overlying the
inlet passage at 20 position. The sleeve 44 is supported by a  the seat.
The resulting force that tends to  85 flanged portion 52 mounted between
the  open the valve is the product of the system body 12 and the bonnet 18.
pressure and the seating area. This force is Threaded to the exterior
surface of the  opposed by the spring force urging the disk sleeve 44 is an
axialy adjustable guide ring  insert to remain seated. The spring 34 is 25
54 which is retained by a set screw 55. The  gauged and adjusted so that
these opposing  90 upper end of the guide ring 54 contains a  forces are in
balance at a pre-selected set series of ports 56 that communicate with
pressure. When the system  pressure in- the outlet passage 16. In the
clearance space  creases above this set pressure, the valve between the
guide ring and disk holder 28 is  will crack and a small amount of fluid
will 30 an upwardly narrowing annular passage 58, pass through the seating
contacts of the disk  95 forming a second zone. Directly above the  insert
22 and the nozzle 20. The nozzle passage 58 is another upwardly narrowing
ring 24 deflects the stream upward toward annular passage 60, forming a
first zone  the surface 30. The additional force on the defined by the
interior surface of the guide  surface 30 forces the valve to open further
35 ring 54 and a conical or tapering surface 62  thereby establishing a
fluid flow through the 100 formed on the outer end surface of the  nozzle
and across the seating plane. After sleeve 44.
crossing the seating plane, the lower inner The surface 62 slopes outwardly
from the  diameter of the guide ring 54 directs the bottom edge of the
sleeve 44 to a minimum  stream through the outside passage 58, exert- 40
clearance portion 64 of the passage 60. ing an additional upward pressure
force on 105 Above the portion 64, the surface slopes in-  the disk holder
28. As the valve lift pro- wardly to provide an enlarged passage  gresses
in the lifting cycle, the fluid flow formed between the sleeve 44 and the
guide  also enters the annular passage between the ring 54 that leads to
the ports 56. When the  nozzle ring 24 and the lower lip of the guide 45
valve is in the full lift position, the passage  ring 54, exerting a
further reaction force 110 defined by surface 62, in series with or addi-
on the disk holder 28. This fluid flow tion to the passage 58, controls the
flow of  occurs extremely rapidly, causing a sudden the effluent fluid
through the apertures 50 to  increase in the upward force on the valve
chambers 66 and 68.                     piston that pops the valve to the
full lift 50   At its narrowest point the passages 58 de- position shown in
Fig. 2 within a three per- 115 



fines a flow area that is typically ten to  cent overpressure. The valve
pops so rapidly twenty percent of the total flow area of the  that the
fluid stream cannot build up any passage 58 plus the flow area located be-
appreciable pressure in the chambers 66 and tween the nozzle ring 24 and
the guide ring  68 during the opening cycle. 55 54. Further, the area of
passage 60 always    With reference to Fig. 2, after achieving a 120
exceeds that of passage 58. Expressed as a  full lift, the annular passage
58 directs an percentage, the area of passage 58 is ap-  effluent fluid
stream at a high velocity into proximatley sixty to eighty percent of the
the passage 60. The narrowing of these area of passage 60.
passages acts to increase the velocity of the 60   The chamber 66 is formed
over the upper  stream and decrease its pressure in the re- 125 lip surface
46 to provide a downward clos-  gion of minimum clearance. This creates a
ing force on the valve. The chamber 68 is  pressure differential between
the fluid path located directly above the disk holder 28  defined by the
passages 58 and 60 and the and has its cross-sectional area within that
path feeding the chambers 66 and 68 defined 65 of the disk holder, the
upper portion of the  by the apertures 50 and the channels 48. 130    4
1,483,127                                      4 The pressure in the
chambers 66 and 68 is  dual fluid exhausts after closing the valve
maintained at a fraction of the system pres-  rather than acting on the
overhang surface sure. For purposes of illustration only, if  30 of the
disk holder causing the valve to the system pressure is 1,500 psi, a
typical re-open and chatter. 5 pressure in the chambers 66 and 68 is ap-
This description  therefore discloses a  70 proximately forty to fifty
percent as great, or  safety relief valve for high pressure systems 600 to
750 psi when the valve head is un-  with spring bonnets venting to
atmosphere seated. This pressure also depends on the  that achieves a full
lift within a three per- disk position during its lifting cycle.   cent
over pressure and closes with a four 10   This pressure differential is
highly desir-  percent blowdown. Additionally, the safety  75 able since
the valve would either slam shut  relief valve of the invention is not
prone and damage the valve parts, or close pre-  to chatter, slam  down
closing, or pre- maturely before a sufficient amount of fluid  mature
closings.   Various modifications of is released from the system, if a
higher pres-  the invention will become apparent to those 15 sure is
applied to the chambers. It should  skilled in the art from the foregoing
descrip- 80 be noted that variations in the amount of tion  and
accompanying drawings. Such fluid flowing through the passages 58 and
modifications are intended to fall within the 60 will cause some change in
the pressure  scope of the appended claims. differential.
WHAT WE CLAIM  IS:- 20    During full lift, the principal forces keep-
1. A safety relief valve having, in com- 85 ing the valve open are the
pressure acting  bination, a body having.. inlet and outlet on the disk
insert and the disk holder to its  passages each communicating with a
space, extreme outer diameter at the narrowest re-  an annular valve seat
forming an end of the gion of the passage 58 and the reaction  inlet
passage communicating with said space 25 forces developed by the fluid
acting on the  and a sleeve forming a valve guide co-axial 90 nozzle ring
24 and the inner lower edge of  with and axially spaced from the seat. the
guide ring 54. Forces tending to close    a guide ring having one end
connected to the valve are the spring compression and the  said sleeve
forming the valve guide and the controlled pressure in the chamber 66 and
other end open to said space and extending 30  68 acting on the exposed
upward facing sur-  towards the plane of the seat in spaced co- 95 faces.
The pressure in the chamber 68 acts  axial relation thereto, and on the
upper surfaces of the disk holder 28.    a valve member slidable in said
valve This force, however, is partially offset by  guide and comprising a
stem and a head the same pressure . acting on the downward  having a disc.
closable on. the seat, the head 35 facing surface 78 of the piston 70 and
other  being movable with an annular clearance in 100 downward facing
surfaces in the disk holder  the guide ring, the guide ring defining a
fluid which are exposed to the pressure in the  passage extending from said
space substan- chamber 68.                               tially at said
plane, exteriorly to and axially When system pressure at the nozzle 20 de-
of said sleeve and valve to a port open to 40 cays, the pressure acting on
the disk holder  said space, said fluid passage decreasing in 105 face
across its total diameter at passage  cross-sectional area between said
plane and 58 also decays and fluid released through the  a region between
said plane and the port, 



passages 58 and 60 to the exhaust ports 56  said annular clearance being in
fluid com- which controls the pressure in chamber 68  munication with said
region. 45 will have also decayed to a point where the    2. A  safety
relief valve according to 110 closing  forces described  above become
claim  1 further characterized by a piston dominant and the disk holder
starts to move  attached to said stem and slidably engaged downwardly. This
is the beginning of the  in said valve guide. closing cycle. This in turn
causes the lip    3. A  safety relief valve according to 50 surface 46 to
separate from the lower end of  claim 2 further characterized by said
piston 115 the sleeve 44 allowing more fluid to be di-  having a labyrinth
seal disposed between verted to the chambers. Therefore the pres-  said
piston and said valve guide. sure developed in the chamber does not de-
4. A  safety relief valve according to crease in the same proportion as the
pres-  claim 2 or claim 3 wherein the outer dia- 55  sures acting on the
disk insert 22 and the  meter of said piston is approximately the 120
overhang area 30. The net effect of this  same as the diameter of said
inlet passage force unbalance is a rapid, controlled closing  at said seat.
of the valve within a four percent or lower    5. A safety relief valve
according to any blowdown.                                 preceding claim
wherein said guide ring is 60    After the valve has seated, the residual
connected to said sleeve so as to be axially 125 fluid in the chambers 66
and 68 continues to  adjustable relative to said sleeve. exert a net
downward closing force as the    6. A  safety relief valve according to
fluid reverses its direction of flow and ex-  claim 5 further characterized
by a plurality hausts completely through the ports 56. An  of apertures
formed in said end of said 65 advantage of this invention is that the resi-
sleeve proximate to said seat       130    4
1,483,127                                      4 The pressure in the
chambers 66 and 68 is  dual fluid exhausts after closing the valve
maintained at a fraction of the system pres-  rather than acting on the
overhang surface sure. For purposes of illustration only, if  30 of the
disk holder causing the valve to the system pressure is 1,300 psi, a
typical re-open and chatter. 5 pressure in the chambers 66 and 68 is ap-
This description  therefore discloses a  70 proximately forty to fifty
percent as great, or safety relief valve for high pressure systems 600 to
750 psi when the valve head is un-  with spring bonnets venting to
atmosphere seated. This pressure also depends on the  that achieves a full
lift within a three per- disk position during its lifting cycle.  cent over
pressure and closes with a four 10   This pressure differential is highly
desir-  percent blowdown. Additionally, the safety  75 able since the valve
would either slam shut  relief valve of the invention is not prone and
damage the valve parts, or close pre-  to chatter, slam  down closing, or
pre- maturely before a sufficient amount of fluid  mature closings. Various
modifications of is released from the system. if a higher pres-  the
invention will become apparent to those 15 sure is applied to the chambers.
It should  skilled in the art from the foregoing descrip- 80 be noted that
variations in the amount of  tion and  accompanying  drawings. Such fluid
flowing through the passages 58 and  modifications are intended to fall
within the 60 will cause some change in the pressure  scope of the appended
claims. differential.                              WHAT WE CLAIM  IS:- 20
During full lift, the principal forces keep-    1. A safety relief valve
having, in com- 85 ing the valve open are the pressure acting  bination, a
body having inlet and outlet on the disk insert and the disk holder to its
passages each communicating with a space. extreme outer diameter at the
narrowest re-  an annular valve seat forming an end of the gion of the
passage 58 and the reaction  inlet passage communicating with said space 25
forces developed by the fluid acting on the  and a sleeve forming a valve
guide co-axial 90 nozzle ring 24 and the inner lower edge of  with and
axially spaced from the seat. the guide ring 54. Forces tending to close
a guide ring having one end connected to the valve are the spring
compression and the  said sleeve forming the valve guide and the controlled
pressure in the chamber 66 and  other end open to said space and extending
30  68 acting on the exposed upward facing sur-  towards the plane of the
seat in spaced co- 95 faces. The pressure in the chamber 68 acts  axial
relation thereto, and on the upper surfaces of the disk holder 28.    a
valve member slidable in said valve This force, however, is partially
offset by  guide and comprising a stem and a head the same pressure acting
on the downward  having a disc closable on the seat, the head 



35 facing surface 78 of the piston 70 and other  being movable with an
annular clearance in 100 downward facing surfaces in the disk holder  the
guide ring, the guide ring defining a fluid which are exposed to the
pressure in the  passage extending from said space substan- chamber 68.
tially at said plane, exteriorly to and axially When system pressure at the
nozzle 20 de-  of said sleeve and valve to a port open to 40 cays, the
pressure acting on the disk holder  said space, said fluid passage
decreasing in 105 face across its total diameter at passage
cross-sectional area between said plane and 58 also decays and fluid
released through the  a region between said plane and the port, passages 58
and 60 to the exhaust ports 56  said annular clearance being in fluid com-
which controls the pressure in chamber 68  munication with said region. 45
will have also decayed to a point where the    2. A  safety relief valve
according to 110 closing  forces described  above become  claim  1 further
characterized by a piston dominant and the disk holder starts to move
attached to said stem and slidably engaged downwardly. This is the
beginning of the  in said valve guide. closing cycle. This in turn causes
the lip    3. A  safety relief valve according to 50  surface 46 to
separate from the lower end of  claim 2 further characterized by said
piston 115 the sleeve 44 allowing more fluid to be di-  having a labyrinth
seal disposed between verted to the chambers. Therefore the pres-  said
piston and said valve guide. sure developed in the chamber does not de-
4. A  safety relief valve according to crease in the same proportion as the
pres-  claim 2 or claim 3 wherein the outer dia- 55  sures acting on the
disk insert 22 and the  meter of said piston is approximately the 120
overhang area 30. The net effect of this  same as the diameter of said
inlet passage force unbalance is a rapid, controlled closing  at said seat.
of the valve within a four percent or lower    5. A safety relief valve
according to any blowdown.                                preceding claim
wherein said guide ring is 60    After the valve has seated, the residual
connected to said sleeve so as to be axially 125 fluid in the chambers 66
and 68 continues to  adjustable relative to said sleeve. exert a net
downward closing force as the    6. A  safety relief valve according to
fluid reverses its direction of flow and ex-  claim 5 further characterized
by a plurality hausts completely through the ports 56. An of apertures
formed in said end of said 65 advantage of this invention is that the resi-
sleeve proximate to said seat.     130    5
1,483,127                                        5 7. A  safety relief
valve according to  that is in the range of 10 to 20 percent of the claim 5
or claim 6 wherein said head has a  maximum flow area within the valve, and
the lip portion slidable with an annular clear-  effective flow area of
said second zone is ance in said guide ring said lip portion over-
approximately 60 to 80 percent of the effec- 20 5 lapping said end of said
sleeve proximate to  tive flow area of said first zone. said seat.
10. A safety relief valve substantially as 8. A safety relief valve
according to any  described herein with reference to and as preceding claim
wherein said fluid passage  shown in the accompanying drawings. has a first
zone decreasing in cross-sectional 10  area in the direction from said
region to-    BROOKES, MARTIN & WILSON, wards said port and a second zone
decreas-         Chartered Patent Agents, ing in cross-sectional areas
between said             Prudential Buildings, plane and said region.
5 St. Philip's Place, 9. A  safety relief valve according to
Birmingham, B3 2AF. claim 8 wherein the narrowest region of said
Agents for the Applicants. 15  second zone defines an effective flow area
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