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1

This ‘invention relates to wvalves and closure
means for conduits and more particularly to
check valves, flap gates and other devices which
are ‘operable to close a passage upon a reversal
of flow therein of substantially incompressible
Tieniids, herein referred to as water, the inven-
tion having as an object to provide means asso-
-ciated with such valves and gates for the elimi-
nation of shock resulting from the closure op-
eration.

Another -object of this invention is to provide
-2 water cushion which retards the closing move-
ment -of the disc :of a -check valve as it is about
to become seated.

Another .object ©of this invention is to provide,
in a flap gate, a water cushion associated with
the :gate which retards and decelerates its clos-
ing movementas it approaches its seat.

Ancther object of this invention is to provide
‘means assoeiated with 4 flap gate or with the
dise of a check valve, whereby a water cushion
is fermed as the valve closes, which retards and
‘decelerates the movement of the disc as it ap-
proaches its seat, thereby reducing the intensity
ef water hammer shock in g pipe line.

¥eb-another object of this imvention is to pre-
vids, in apparatus of the class deseribed, means
1o -obfain a water cushion which are exceedingly
simple -and econoemical in comsfruction, rugged
and durable -over a long perind -of actual use.

_With the foregoing and -other ohjects in view,
all of which more fully hereinafter appear, my
invention comprises certain nhovel constructions,
marangements and combinations of parts as shall
mow be described and as:defined in the appended
claims and Mustrated, in preferred embodiment,
in the accompanying drawings in which: |

Figure 1 is a central lengitudinal section of a
eheck valve, embodying the invention, shown in
iclosed position, the open position thereof being
fhown by thebrokenlines.

- Figuwre 2 is a fragment, on an enlarged scale,
-of seating and closure elements of the structure
ilustrated at Fig. 1.

Figure 3 is similar to Fig. 2, but showing the
illustrated elements in partially open position.

Figure 4 is similar to Pig. 2 but illustretes an
alternate construction of said elements. .

Figure 5 is similar te Fig. 2 but illustrates yeb
another construction of said elements.

Figure 6 isa central longitudinal section of
-anether type of ‘check walve into ‘which the in-
vehtion is incorporated, the-open position thereof
‘being shown in broken lines.

Figure 7 is a transverse section of the valve
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2
Mustrated at Fig. 6, as taken on the indicated
line T—17 at Fig. 6.

Figure 8 is a central longitudinal section of a
flap gate attached to the end of a pipe, as modi-
fied to incorporate the present invention, the
open position thereof being shown in broken lines.

Figure 9 is an elevation view as from the indi-
cated arrow 9 at Fig. 8.

In closed conduits, such as pipe lines, where it
is desirable to restrict the flow of water toa given
direction, various types of check valves may he
used in the line, or a flap gate may be used at
the exif.  Such valves or gates operate by the
‘movement -of the water through the pipe, the
regular flow opening a valve, and a reverse flow
closing it. In ordinary operation of such valves
and gates, the opening cycle proceeds smoothly
enough, but the closing cycle may be rather sud-
den and resultin a slamming jar or shock. 'With
a fluid in the vapor state the sudden closure may
not be especially serious excépt where the impact
of the closure element agsainst its seat causes un~
desirable noise. Towever, where the fuid is a
substantially incompressible liguid, as water,
other complications -arise in that the closure by
such moving water may cause a water hammer
impact due to the inertia of the moving water.
If the momentum of the water is sufficiently
great, a vapor lock or cavitation pocket may be
formed which will subsequentiy collapse to cause
repeated shocks. In either case the attendant
shock may be exceedingly severe and may be very
-dangerous in large structures.

Cne method of avoiding the possible shocks
which result from a closure -of cheek valves or
flap gates is to decelerate the movement of the
disc or fiap as it approaches the seating position
to permit a gradual slowing down of the moving
water body. A number of devices have been de- .
veloped for such purpose, which -are, in general,
of the cylinder-dashpot type adapted more for
the contral of vapors such as gas or steam; how-
ever, such devices have not been entirely satis-
factory with incompressible liquids, as water, be-~
cause of large forces which are .inwolved where
the sudden closure is eritical and because .such
devices are accessories to the valves and require
special designing to install. Moreover, such -de-
vices are :expensive, both in initial cost and in
maintenance. The need for an improved means
for decelerating the movement of the disc or flap
thus led to the present invention, which by an
exceedingly simpie and novel expedient may be
incorporated -into any of the conventional types
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of check valves and flap gates with only slight
modifications in their design.

The check valve illustrated at Fig. 1 might be
considered as a globe type because of its simi-
larity to a common globe valve. The body {0 is
formed as a spherical enlargement within a short
pipe section {1, the ends of which are adapfed
for the connection of pipes thereto as by flanges
i2. This body is divided into two compartments
i0z and 100 by & pariition 13 which extends
diagonally across the body but is distorted at
the center to provide a shelf 14 which lies in &
plane parallel with the longitudinal axis of the
valve. In this shelf there is an orifice defined
by an annular wall i5 concentrically circum-
seribed by a seat 16 which lies parallel to the plane
of the shelf 14, the common longitudinal axis of
the orifice and the seat 16 being perpendicular to
and intersecting the longitudinal valve axis. A
closure disc {7 is provided with a fiattened circu-
lar base 18 which registers with the seat 16, ana
in operation of the valve, movement of the disc
is along the orifice longitudinal axis with the
base I8 held in spaced parallelism with the seat
{6 at all open positions. To hold and move
this disc in the above-described manner, a cireu-
lar stem (9 is centered along the orifice longi-
tudinal axis with one end rigidly attached to
the disc 11, and slidably engaged in a guide

20, whereby all movements of the disc are re- 3

stricted by this guide. The guide 20 is attached
to a cap 21 by a spider 22, and this assembly is
seated to the body 10 within and against a flanged
rim encircling the opening 23, holding it in
proper alignment at all times. By removal of
the cap 21 the valve may be opened and inspected.

In the present invention the shelf (4 is of
dimensions sufficient to provide a comparatively
extensive orifice wall i5 and to permit the seat
16 to be recessed and bounded by a circular wall
24 concentric with the orifice wall 15 and of
similar extent. A trough 25 separates the seat
i6 from the wall 24 to upstand the seat sufficiently
to facilitate finishing operations in forming it.

Both the wall 24 and the orifice wall 15 are 4

tapered in the direction of the closing movement
for purposes hereinafter disclosed. The dise
periphery is shaped to nest in the opening formed
by the orifice wall 15 and wall 24, and is divided

into two parts with the base 18 therebetween. An ¢

outer rim 26 circumscribes the base {8 and is
tapered to nest against the wall 24 with a selected
gap or clearance 2Tb therebetween; a concentric
inner rim 28, circumscribed by the base 18, is
tapered fo nest against the orifice wall 15 with a
selected gap or clearance 2Ta therebetween.

The height or extent of the wall 24 and of the

orifice wall {5 corresponds respectively with rims
25 ang 28. It follows that the step-like construc-
tion of the shelf 14 and with the nesting step-like
construction of the dise (7, a chamber 28 is
formed between the shelf and the disc whenever
the disc is unseated to an extent not greatly
_exceeding the wall, seat or rim extent, as illus-
trated at Fig. 3. This chamber 29, circumjaceni
to the dise 117, is in communication with the com-
partments 10a and (0b through passages formed
by the tapered comstruction and the clearances
21a and 271b. It is to be noted that the size
of the said passages will vary and decrease to
a minimum as the disc approaches the seat, and
may be predetermined by variation of the taper
of the walls and their respective rims, all as
clearly shown in Figs. 2 and 3.

The normal flow through this valve is indi-
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4
cated by the arrows A, and with such flow the
dise is moved away from the seat 16 as indicated
by the broken lines in Fig. 1, as the pressure of
the moving water acts on the bottom of the disc
to lift i5. However, a reversal of flow is accom-
panied by a reversal of pressure upon the disc,
and it is normally aceelerated towards the seated
position. The function of the ‘above-described
elements is to decelerate the movement of the
disc as it approaches its seat, and as the annular
chamber 29 is formed as the disc moves fowards
the shelf, the water in the chamber must be
discharged therefrom through the passages
formed by the clearances 27a and 27b. With
these passages suitably restricted, in accordance
with the nature and viscosity of the water, the
water in the chamber 29 is subjected to an in-
creasing pressure and a foree is exerted against
the disc tending to decelerate its movement to-
ward the seat. This force is related directly to the
velocity of the approach of the disc to the seat,
because the pressure increases in the chamber
28 as the velocity increases, as the water must
be displaced at an increased rate. It is further
apparent that by reason of the tapered construc-
tion above mentioned the size of the passages
descreases as the disc approaches the seat, there-
by providing a complete and effective deceleration
of the disc.

Variations in the construction of the wall, ori-
fice wall and the respective rims are possible,
one such variation being illustrated at Fig. 4.
In this modification the wall 24’ is not tapered,
and the outer tapered rim 26 does not nest
against the wall 24’ except along a flat edge 30
at the top of the rim; nor is the inner rim 28
tapered, and the tapered orifice wall 15 does not
nest against the rim 28’ except along a flat edge
31 at the bottom of the orifice. Such alterations
of passage may be designed to conform with
various closure requirements.

Another variation of this construction is il-
lustrated at Fig. 5. In this construction the
base 18 on the disc is turned on an annular boss
32, and the seat 5’ is formed in & recessed
sroove 33 concentric with the orifice wall 5,
the boss 32 extending within the groove 33 to pro-
vide an annular chamber with small openings
similar to chamber 28 in the Fig. 3 embodiment.
Both the boss and groove may be suitably ta-
pered to form variable side clearances 34a and
34b for purposes hereinbefore described.

The check valve illustrated at Figs. 6 and 7 is
a gate type, where the body 10’ is constructed
with a continuous passage therethrough, and
the closure dise 17 is centrally mounted trans-
versely to the longitudinal valve axis when in
closed position. In this construction the seat {6
is formed in the pipe section {1 at the edge of the
body 10’, and the orifice wall 15 longitudinal axis
coincides with the longitudinal valve axis; other-
wise, the construction of the orifice wall 15, seat
{6, wall 24 and trough 25 is identical to con-
struction hereinbefore described. Likewise, the
construction of the disc 11, base {8, and the inner
and outer rims 28 and 26 are of the same con-
struction as hereinbefore described.

However, in this construction the stem 19’, cen-
tered along the disc longitudinal axis, is slidably
engaged in a guide 29° which is affixed to an arm
35 hingedly attached to the valve body by a pin
3% above the disc {T. This arm and disc assem-
bly, forming a swinging gate, is positioned within
the valve through a suitab’e opening 23’ encircled
by a flanged rim in the body 0 with the pin
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36 ‘mourted dn open Journal: boxes 31 ‘Integral
with'the. body 10-at the edge of ithe:cpering 237,
Jugs 38 being provided.on the cap:24” o hold the
Pin in position when the walve 'is:closed by the
icap. : :

'The movemerit-of the wrm 35:swingsthe gate
outwardly and away from ‘the:closed position as
dllustrated by the broken lines at. Fig, 6, the out-
ward movement ‘being restricted by the hounda-
ties of the hody 407, and the inward Himit.of the
arm niovement being.restricted by a stop 39 -on
the arm 85-conbacting a-portion:sf ithe hody 10’
wsclearly shown 9t Fig. 6. This inward Hmit of
movement posifions theguide 20" in:alisnment
with the longitudinal valve :axis, but to :effect
seating of ‘the-disc, the stem 13’ must be moved
%o «an .extended -position: in ‘the guide 28’., "The
stem; is 'nermally held «out+of such position by 2
spring 40 mounted-on the arm 35 as by holts %1
‘to resiliently engage ‘the stem 19’ ot its end Te-
ote- from the dise. ‘This engagement is maitte
‘positive by providing:a groove A2 in'the stem 197
and by forming thespring ‘end as a tounged yoke
A3 §lida¥le within the sroove 42,

‘In operation of this valve ithe normul flow, as
indicated by the arrow B, and the ‘tension -of
‘the spring 40 pull the disc against the ziide 20",
‘and- the assembly then swings-outward. “In-c¢los-
ing, as’by o reversal:-of flow, the assembly swings
inwardly with ‘the disc resiliently held wagsinst
‘the-guide until the-arm 35 attains its limited po-
‘sition as détermined by the lug 39, whereupon
‘fivid pressure causes continued movernenit of the
disc in alignment with the seat, as hereitipefore

deseribed, to form a-chamber €9 between the-disc ~

and -seat, ‘wheveupon the fluid within $he -cham-
‘ber retards the movement-of the dise %o chviate
‘tire ‘shock -of-closure. ‘

~The operative -elements of the fap gote il
Tustrated ot Figs: -8 and 9 -are similar ‘to those
of the valve illustrated at Figs.'6 9nd' 7, dlfhoush
the flap-gate is actually o walve ‘attached Ho the
endl ‘of @ conduit P as ‘iltustrated at Fig. 8, and
‘the body does ‘not -enclose the gate. Tn the .con-
struction illustrated the‘oodyis formed asa'segi-
ing ring 8§ attached to the pipe flange-45 by a
ring of bolts 48, the trough 25 being enlarzed to
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below rthe abutment 54- and. is ‘provided: with.a
moteh. 56-therein. A shifting bar §7, s sliflakly
mounted inguide:20” and the arm lower edge 53
and-adapted ito extend within the notch 56 gnd
be held' therein by the stem 197" bearing :apainst
its wupper end. A circumferential notch: 58 ds
provided:in:the:stem 19" whereby the bar §7may
leaveithe noteh 56 when the disc is removed from
s seated position and against: the guide 20%, 2 -
spring. 49 being placed arownd the bar to Te-
siliently :force it mgainst ‘the stem :18’. In %his
menner whenever 'the :gate is opened the bar 57
lodges in ‘the motch 58 'to hold the disc against
the guide.
"The action of ‘this gate is otherwise the same
a8 the aforedescribed ‘valves, the gate opening
with flow from the pipe in the direction of the
arrow C, but closing by :a reverse .of flow. The
latter part of the closuve is retarded by a cham-~
ber similar to chamber 29 of Fig; 3 forming be-
tween the disc and seat elements to avoid a slam
of ‘the gate.

“While T ‘have illustrated and :deseribed. herein
many details of construction, alternatives: or
equivalents will :oecur to thoese skilled in.the art
#ndl I:am-not o be limited in my probection to
the -detdils ‘Mustrated -or described, but .only by
the-appended -clzims,

‘Telaim:

1. A flap valve, for incompressible liguids,
adapted to open responsive to-flow .of ligquid in
& mwormal-direction and to-close responsive to.re-
versal-of flow, comprising, in combination, a‘body
having ‘a circular orifice therein, 4 fgt annular
seat-circumseribing said -orifice, the wall -of 'said
otiflce tapering inwardly -of the orifice' from the
inner-seat-edge, a‘coneentric circular wall beyond
the other side of “the seat, ‘circumscribing, and
tapering -outwardly from the outer sest -edze,
hige means ‘mounted upon: the ‘body, shifting
means mounted upon the hinge means, ‘4 closure
disc having a flat annular base adapted to'comzte
with said-seat, - cireular outer rim at the:outer
edge ‘of :said base tapering outwardly therefrom

45 and being ‘adapted Yo nest within bub be-spaced

‘provide ‘sufficient depth ‘fo ‘permit “insertion of -

‘the bolt heads. “In this seating ‘ring there is-an
orifice -wall 18, -a ‘seat 48, 2 wall 24 and ‘the en-
larged trough 25, all-as hereinbefore deseribed.
The flap gate dssembly ‘comprises-a -disc 4T havy-
‘ing a-base 18, andinner antouter rims '25-and 28,
‘thre -dise being attached to-an arm-35’ throush a
stem 497 <lidably -engaging o wmdide 207’ -and
Treld thereon by -a bolt AT and -washer 48. "The
arm is hingedly mounted above the seating Ting
W oy 2 pin 49 inserted ‘in ‘lugs ‘56 -upstanding
fromthe seating ring. : )

" "The arm 35 is suitably made up-as:an inverted
A-frame extending dismetrically acrossithe gate
%o increase the rigidity -of ‘the structure, and a
‘cross-bar 61 is ‘attached thereto ko -carry the
guide 20’ and may ‘be adjustably positioned: ‘for
alignment of ‘the. guide and dise with ‘the seating
Ting -elements, and then securély attached to the
arm €lements as by rivets 52. The downward
movement lmit of ‘the -arm '35’ -is restricted by
the lower -edge ‘53 contacting -an abutment 54
of ‘the seating ring 44. “With the arm so ‘posi-
tioned it is necessary ‘to extend ‘the ‘stem 49"
in its-guide to-effect a closure'as hereinbefore:de-
scribed, and with the stem 0 positioned ‘it is ‘de-
sirable -that the arm -be locked in -its ‘downward
limited position. A 1ip 55 -extends -outwardly
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Slightly Trom saidl sest-circumsoribing ‘wall when
‘the'base is-comated with the seat, and s concen-
tric inner rim ‘at‘the inner -edze of said base ta-
pering ‘therefrom inwardly of the -ovifice :and
being adaptet:to-nest within but'be spaced slight-
Iy from the-orifice wall ‘when the base is comated
with the seat, sdid dise being mounted upon the
shifting means, saifl ‘hinge ‘and shifting’ means
being aflapted -to swing the -dise to 2 -position
ol dlignment in front of the orifice with ‘the base
in spaeed parallelism and on o common longitu-
Ginel -axis with the seat, said -shifting wmeans
being ‘thereupon adapted to §HiTt the base inte
comating relation with the seat, along said longi-
tudinal axis whereby to form a substantially
closed ‘¢hamber ‘having ‘release passages Teading
in -opposite directions frem said -chamber which
passaiges diminish ‘incress sectionsl -aves as the
base approaches the ‘seat.

‘2. ‘A flap-gate, Tor -controlling +the flow of “in-
compressible liquids from a -conduit, adapted ‘to
open responsive to flow-of liquid in a normal -di-
rection angd‘to close upon a reversal of flow, eom-
prising, in cembination, @ body ‘having a -circylar
orifice therein aligned with the end -of the eon-
duit, -an annular seat circumscribing said :orifiee,
a2 closure disc having ‘an -annular ‘base adapted

“to -comaite ‘with ‘the seat, hinge ‘means mounted

upon ‘the body, -a guide ‘meniber ‘integral ‘with
said hinge means, a ‘stem mounted upon the dise
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at the disc longitudinal axis and slidably carried
within said guide member, said hinge means
being adapted to swing the disc from an open
positicn, away from the orifice, to a position
in alighment in front of the orifice with the base
in spaced parallelism and on a common longi-
tudinal axis with the seat, whereby movement
of the stem in the guide member effectuates
movement of the disc to comate the base with
the seat, a notch in the stem, a pin slidably car-
ried upon said hinge means and adapted to move
against the stem and engage the notch when
the disc is moved away from the comating posi-
tion, but to move out of the notch whenever the
disc is in alignment with the seat, and lock means
on the body including a notch adapted o be en-
gaged by said pin when the pin is moved out of
the stem notch to thereby lock the flap gate
structure in closed position, and resilient means
to force said pin from the lock and into the
stem notch when the stem notch is aligned with
the pin to thereby release the gate structure upon
movement of the stem notch to alighment with
the pin. :

3. The gate defined in claim 2, including con-
figurations in the disc and body adapted to nest
together during said shifting movement and form
an annular chamber with relief passages to there-
by retard the shifting movement of the disc to
the seating position.

4, The apparatus defined in claim 3, wherein
said conficurations comprise the wall of the ori-
fice at the inner seat edge, a concentric circular
wall beyond the outer seat edge, a circular rim
extending beyond the inner edge of said base and
adapted to comate with the orifice and a con-
centric rim at the outer edge of the base adapted
to comate with said outer-seat-edge wall, said
orifice and inner base rim being tapered inwardly
from the seat and base respectively and said
outer wall and outer rim being tapered outwardly
therefrom.

5. A flap valve, for incompressible liquids,
adapted to open responsive to flow of liquid in &
normal direction and to close responsive to re-
versal of flow, comprising, in combination, a hody
having a circular orifice therein, a flat annular
seat circumsecribing said orifice, the wall of said
orifice tapering inwardly of the orifice from the
inner seat edge, a concentrie circular wall beyond
the other side of the seat, circumscribing, and
tapering outwardly from the outer seat edge,
hinge means mounted upon the body, shifting
means mounted upon the hinge means, a closure
dise having a fiat annular base adapted to comate
with said seat, a cireular outer rim at the outer
edge of said base tapering outwardly therefrom
and being adapted to nest within but be spaced
slightly from said seat-circumscribing wall when
the base is comated with the seat, and & concen-
tric inner rim at the inner edge of said base
tapering therefrom inwardly of the orifice and
being adapted to nest within but be spaced slight-
ly from the orifice wall when the base is comated
with the seat, said disc being mounted upon the
shifting means, said hinge and shifting means
being adapted to swing the disec to a position of
alighment in front of the orifice with the base in
spaced parallelism and on a common longitudinal
axis with the seat, said shifting means being
thereupon adapted to shift the base into comat-
ing relation with the seat, along said longitudi-
nal axis whereby to form a substantially closed
chamber having release passages leading in op-
posite directions from said chamber which pas-
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sages diminish in cross sectional area as the base
approaches the seat, said hinge means including
2 hinged arm, & stop to limit the movement of the
hinged arm toward the orifice and said shifting
means including a guide associated with said
hinged arm adapted to be concentric with the
orifice-longitudinal-axis coincident with the lim-
itation of the arm movement by the stop, a stem
carried by the disc concentric with the disc-lon-
gitudinal-axis and slidable within said guide, and
means adapted to normally hold the stem within
the guide when the disc is away from the seat
but to permit the disc to move towards, and
comate with the seat subsequent to contact of
the arm with the stop.

6. A flap valve, for incompressible liquids,
adapted to open responsive to flow of liquid in
a normal direction and to close responsive to re-
versal of flow, comprising, in combination, a body
having a circular orifice therein, a flat annular
seat circumseribing said orifice, the wall of said
orifice tapering inwardly of the orifice from the
inner seat edge, a concentric circular wall be-
yond the other side of the seat, circumseribing,
and tapering outwardly from the cuter seat edge,
hinge means mounted upon the body, shifting
means mounted upon the hinge means, a closure
disc having a flat annular base adapted to comate
with said seat, a circular oufer rim at the outer
edge of said base tapering outwardly therefrom
and being adapted to nest within but be spaced
slightly from said seat-circumsecribing wall when
the base is comated with the seat, and a concen-
tric inner rim at the inner edge of said base
tapering therefrom inwardly of the orifice and
being adapted to nest within but be spaced slight-
Iy from the orifice wall when the base is comated
with the seat, said dis¢ being mounted upon the
shifting means, said hinge and shifting means
being adapted to swing the disc to a position of
alisnment in front of the orifice with the base
in spaced parallelism and on & common longi-
tudinal axis with the &eat, said shifting means
being thereupon adapted to shift the base into
comating relation with the seat, along said lon-
gitudinal axis whereby to form a substantially
closed chamber having release passages leading
in opposite directions from said chamber which
passages diminish in cross sectional area as the
base approaches the seat, said hinge means in-
cludes a pivot carried by the body, an arm
hingedly mounted upon the pivot adapted to
swing toward the orifice, a stop carried upon the
arm adapted to limit the swinging movement to-
ward the orifice and said shifting means includes
a guide associated with said arm and a stem
upon said disc slidable within the guide, and
resilient means carried by the arm and adapted
to normally draw the disc away from its seated
position but will permit movement of the disc
toward and comate with the seat.

7. A valve for incompressible liquids, adapted
to open responsive to flow of liquid in a normal
direction and to close responsive to a reversal of
flow, including, in combination, a body having a
circular orifice therein, a wall circumscribing the
orifice, a flat annular seat circumscribing the
orifice wall and a wall circumscribing the seat;
and a closure disc having a base adapted to
comate with said seat and circumferential walls
at the inner and outer edges of the base adapted,
respectively, to loosely nest within said orifice
wall and said seat-circumscribing wall, at least
one of each pair of said nesting walls being in-
clined relative to the disc axis whereby the nest-

N
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spacing between the walls of each pair ‘reduces

as the base approaches the seat.

8. The valve defined in claim 7 wherein said
walls of both pairs have parallel inclinations.

9. The valve defined in claim 7 including a stem
axially outstanding from said disc and guide
means associated with the body slidably holding
said stem in axial alisnment with said orifice.

10. The valve defined in claim 9 wherein said
guide means includes a hinged arm slidably car-
rying said stem.
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