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‘Water supply networks are generally composed
~of Interconnected mains which are provided at
their connected ends with safety valves allowing,
-in case of rupture, cutting off the flow of water in
~ the damaged pipe.

These water-main valves may be operated
through automatic control servomotors set in ac-
~ tion through either excessive pressure drop or

excessive waterflow. |

These known systems are generally based on
the principle of apparatus actuated in accord-
ance with an appropriate physical quantity. The
apparatus sets the controls of an automatic valve
In closing position as soon as a predetermined
value of the physical quantity has been reached.

When the physical quantity utilized is the rate
of flow in the water main, an undesirable closing-
off might occur because of a high rate of flow
under normal service conditions since a, high rate
of flow might occur daily and also in dif

the water main’s area. Furthermore if a break
Occurs, a great amount of water might run away
before the predetermined value of rate of flow
has been reached. _' :

When the predetermined physical quantity is
the pressure in the main, most of these same
- drawbacks are present and aggravated through
variations of flow of water in the feeding res-
ervoir and this is worse if the automatic valve is
located in a high place and the upstream length
of the main is greater. The frequency of inop-
~ portune closing-offs ean be prohibitive under
such conditions. - g |
Furthermore, systems in which motion of the
- closing~controls of the ‘automatic valve is ob-
tained through swift pressure variations  might
close off without necessity the automatic valves
- of uninjured mains and cause additional unnec-
€ssary inconvenience to customers as well as to
water supply companies. |

In a system where water mains are connected
together in any number and one of these mains
breaks, the pressure head decreases swiftly -not
only on the broken main but also on all the other
mains and all the respective automatic valves
~ will close at the same time. |

'The hereafter described system has as its ob-
Ject to avoid these drawbacks., It ig essentially
based on the use either of the time derivative of
a function of the rate of flow or of the time de-
rivative of a function of both the rate of flow
and the pressure head, that is to say, on the de-
- rivatives of both these two functions and then
two time derivatives ag predetermined quantities
for closing off. |

auerent ul
Seasons or due to an increase in population in

4 Claims. (CI. 137—460)

2

: Suchl a system has the advantage of setting con-

- trols in closing position in such a manner that
~the broken main only is placed out of service
and-as soon as break occurs.

|

With the above and other objects 'in ‘view  as
will become apparent from the detailed deserip-

- tion helow a preferred embodiment of the inven-

10

the invention:

tion is shown in the drawings in which: |
Fig. 1 is a diagrammatic view of one form-of

- Fig. 2 is a modified type of -constmction-shown

- diagrammadtically; | |

15

Fig. 3 is g plan view of a detail:

Fig. 4 is a plan view of another detail:

Fig. 5 is a diagrammatic view of some
details of the invention: - | |

Fig. 6 is a diagrammatic view of a further modi-

f-urther

Tication particularly adapted for emergency use:

Fig. 7 is a diagrammatic view of a detail; and
Fig. 8 illustrates diagrammatically a further

modification of the invention particularly de-
- signed for

8 system in which Venturi pipes are
used. - | - S
- Throughout the drawings similar reference’

~ characters are used for like parts. x |

~In the present invention the arrangement for

releasing the valves so that they move to closed

- Dosition is subject to the action of g force which

30

1s a function of the quotient

4
| g -
wherein p indicates the pressure in th_é'mai_n and

@2 represents the square of the flow in such main.

39

40

In -accordance with the invention this force will -

only come into action to bring about the closing

~ 01 the valves whenever there is a relatively rapid
- variation in the pressure or

in the resistance to

the flow of water in the main, _- o
“Therefore, the valves are controlled for the

closing thereof only when the two following con-

difions are fulfilled simultaneously:
1. Whenever the ratio o

P
_ ¢
Indicates a relatively important decrease in p or

- increase in q2.

)

= ww

te)

- tions,

2. Whenever there is a rapid variation in the
- resistance offered to the waterflow through the

main considered. S
~Only when these two conditions are met will
the safety valve close under abnormal - condi~-

In accordance with the invention use is made

- 0of two pistons wherein one is set into action by
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3 |
the pressure p prevailing and the other by the
square of the flow ¢2 in the main. The move-
ments of such pistons is coordinated so that the
resulting action is a function of the ratio

P
qi

The above two pistons are preferably coupled
by a rotary device whose angular position varies
when the ratio of the forces acting upon such
pistons varies. The rotary coupling between the
two pistons actuates preferably a toothed rack
which in turn is connected to another piston
which may reciprocate along its longitudinal axis
in a movable cylinder which is submitted itself
to the action of a spring actuating the said cyl-
inder back to its rest position. If the motion of
the toothed rack is rapid then the piston fixed
thereto will displace.its cylinder in spite of the
spring action so as to release. HOWeVer, if the
" motion of the toothed rack is relatively slow then
the oil inside the cylinder, controlled by the
toothed rack, may travel from one side to the
other of the piston through a bypass having ad-
~ justable throttling means. In such case the
water main valve control means are not released.
Furthermore, the invention contemplates a re-
- tarding device located on the piston. which is
actuated by the pressure prevailing in the water
‘main. Such a device may be constructed as &
throttle valve placed on the pipe connecting the
active face of the above piston to the main and
an elastic connection between the piston and the
" movable element that it operates or by a resilient
mounting for the support of the cylinder con-
. taining the piston.

Referring to Fig. 1 there is shown a junction
point | for two water mains. A watergate or
valve 2 controls the branch 3.

A distributor 4 controls the valve 2 so as to
move it either to its opened Or closed position.
The elements which release the distributor 4
comprise the tooth §, the spring 6, the cylinder
T and the piston 8. A cylinder 8 i1s under the
 pressure existing in the branch 3 upstream from
the valve 2. A second cylinder 10 is subjected
 in its lower part to the same pressure and in its
upper part to the pressure existing in a Pitot
tube 50. The
9 and 10 are mechanically coupled by means of
the rotary system (2. ~The pistons 43 and 44 act
oppositely to one another.

.. The valve 2.1s provided with two pistons 15 and
16 connected by a rod 18. At the bottom part of

the piston 16 there is a circular valve member
i1 designed to cooperate with the seat 18 and
" when in contact with such seat closes the branch

3.

- The distributor 4 for operating the valve 2 com-
~ prises a slide valve 20 which is L-shaped. The
position of slide valve 20 shown in Fig. 1 in
full lines is the position it occupies when the
valve 2 is in opened position. The dotted lines
2| show the position of the slide valve 20 when
the valve 2 is moved to closing position. When
. the slide valve 20 is In the position shown in full
lines the upper cylinder 22 of the watergate 2 is
connected by the pipe 23, the aperture 24, and
the aperture 25, through the exhaust pipe 28 to
the atmosphere,

- The lower cylinder 29 of the watergate 2 is con-
nected by the pipe 30 and the aperture 3t to the
chamber 28 of the distributor 4 and thence by
the pipe 32 and aperture 33 to the water main

junction 1. Therefore when the slide valve 20

pistons 43 and 44 in the cylinders

10

Al

40

lar valve member |7 upon its seat 18

4
is in the full line position the lower piston I§ is
subjected to the pressure in the water main and
is moved upwardly while the water in the cylin-
der 22 is exhausted through the pipe 23, aperture
24, aperture 25 and exhaust pipe 26. On the
other hand, when the slide valve 20 is in the
dotted line position, the piston {6 is subject to
the pressure prevailing iIn the water mains

through pipe 23, aperture 24, chamber 28, pipe

32 and aperture 33 and the cylinder 29 is ex-

hausted through the pipe 80, aperture 31, aper-
ture 25 and exhaust pipe 26.

The means for releasing the slide valve 20 80
that it may move from the right to the left in
Fig. 1 and bring about the closing of the circu-
comprises
a tooth 5 carried by a control rod 31. The tooth
§ cooperates with the hook 18 provided upon &
pivoted trigger 36. The control rod 31 passes
through a stuffing box 48 and a fixed abutment
39. Encircling the control rod 37 on the side of
the abutment 39 opposite to that where the dis-
tributor 4 is located is the spring 6 having one
end bearing against the abutment 39. The other
end of the spring bears against a disc 38 fixed
upon the control rod 31 and a handle 17 is pro-
vided upon the end of the control rod 31 for
manual control of rod 31 and of the slide valve
20.

Means for operating the releasing means com-
prises the following: Two pistons 43 and 44 re-
ciprocate respectively in cylinders 9 and 10. The
hottom of cylinder 9 is connected by a pipe 45 to
the Pitot tube 46 located so as to be subject to
the pressure in the branch 3. The upper portion
of the cylinder 9 above the piston 43 communi-
cates with the atmosphere. The lower portion
of the cylinder 10 is connected by & pipe $1 to
the down-stream Pitot tube 46.

It is to be understood that the expression
«down-stream” and ‘“up-stream” mean in gen-
eral the Pitot tubes respectively subjected to the
lowest and highest pressure when the flow comes
from the water main junction |. The pressure

- difference between the two Pitot tubes reverse

when the flow reverses in branch 3.

"~ The piston 44 in the cylinder 10 is operated by

 the pressure difference created by the Pitot tubes

50

|
o\

46 and 50 submitted to the flow into branch 3.

When the flow is from the water main junction

[ towards the branch 3 the piston 44 is sub-
jected to a force which tends to move the piston
44 downwardly.

In such case the piston rod 56 exerts a pull
upon the belt 51 which is wound on the pulley
88 and secured thereto at the point 59 (Fig. 1 and

- Fig. 4).

60

The piston rod 63 of the piston 43 also exerts
8 pull upon the belt 64 (Fig. 1 and Fig. 3) which
is wound upon the pulley 65 and secured there-

to at the point 66 (Fig. 3). The pulleys 58 and

65 are fixed to the same shaft 61 which is rotat-

ably mounted. A gear 68 is also flxed on the

‘shaft 67 which meshes with a toothed rack 69.
The profiles of the pulleys 58 and 65 are prefer-

ably formed in accordance with a logarithmic

‘law in order that the angular position of the

70

75

gear 68 may be expressed in angles proportional
to the logarithm of the ratio of the forces
brought into play respectively on the pistons 43
and 44.

For example, if it is assumed that a force kip
acts on the piston 43 and that a force of kaq?
acts on the piston 44 wherein p represents the
pressure in the branch 3 and ¢ the flow in such
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~ branch then the resultant angle assumed by the

gear 68 will be: o | S
P

k3 log qﬂ

in which ki, k2 and k3 are constants.
The term o

log q’ | |

of liquid. The gear 68 as mentioned above
represents the resistance of branch 3 to the flow
meshes with the rack 69 and said rack is con-

nected to the piston 8 remprocatmg in the oil

filled cylinder 7.

The cylinder T has, fixed to one end thereof
an operating rod 16 designed to cooperate with
the trigger 36 for tripping the hook 718 from the
tooth 5. The rod 16 is slidingly mounted on 3
fixed abutment 715 and on the side of the abut-
ment 15 opposite to trigger 36, the rod 1§ is en-
circled by a spring 713 having one end bearmg
against the fixed abutment 15 and the other end
bearing against a side wall of cylinder 1. Cylin-
der T is also slidingly supported by the support
14. A bypass 80 is provided in the cylinder 1,

¥ |

10

6

' might occur with an abrupt lowerlng of pressure

at the junction point I, the square of the flow, q2,
into the branch 3 because of the inertia of the
water will decrease less rapidly than the pressure
sO0 that the ratio

Yy

| | o
wﬂl sharply vary even though the branch B 13
intact and the rod 76 will actuate the trigger 38.

In order to remedy any ill-timed releasing 01’
that kind a cylinder 9, such as shown in Fig. 5,

- may be used. Piston 43 reclprocates in the cyl-

29

opposite ends of the cylinder 1 commumcatmg |

together through bypass 80.
"Whenever ratio

P
¢2

30

varies at a high rate (p diminishing or ¢ in-

creasing and this together or not) the new bal-

anced posttion of the pulleys 58 and 65 corre- _

sponds to a clockwise rotation of the gear 68

thereby moving the rack 69 from left to right

as shown in Fig. 1. Since it is a high rate varia-
tion, piston 8 will thus move up cylinder 7 which

1s filled with oil or liquid of appropriate viscosity
overcoming the action of the spring 73 and the

rod 16 will trip the trigger 3§ thereby permitting
the spring 6 to bring the slide valve 20 to the
dotted line position whereby the valve 2 is closed.
The releasing system may be reset by manually
moving the rod 31 by the handle 1T against the
action of the spring 6 and the hook 718 will then
retain the tooth 5 holding the slide valve 20
in its right hand position of Fig. 1 and. thereby
again opening valve 2. |

On the other hand, if the motion of the rack
69 is relatively slow oil will pass through the
bypass 80 and the cylinder T will not follow the
movements of the rack 69. In such case the trlg-

ger 36 is not tripped.

It is obvious that as the flow takes place from

the branch 3 towards the water main junction
point | the action of the pressure is not com-
pensated by the action of such a flow because
their effects are no more opposite one to another
On the contrary, if the flow reverses and as soon
as such occurs the opposing action of the piston
44 will appear. This results in the advantage
that the release of the distributor 4 cannot take
place when the branch 3 discharges into the
junction point | and this is a safety advantage

because in the case of a breakage in the branch

3 it is advantageous to allow such branch to dis-
charge into the Junctlon point | as long as pos-
sible.

The device described above is suitable in the
case of an isolated pipe wherein the pressure

40

60

65

would not vary abruptly other than in the case

of a rupture.
On the other hand, where there are adjacent

mains such as 83, 84 and 85 wherein ruptures

75

means of g

inder 9 and piston 43 acts upon a spring 88 con-
necting the piston rod to the belt 64. ‘Therefore,
when the pressure p abruptly decreases due to
a breakage in the adjacent mains 83, 84 or 85 the
piston 43  will not transmit pressure action
quickly because of the Ieta,rdmg eﬂ'ect of the-
throttling faucet 89.
- This retarding actwn takes place in the follow-
ing manner: |

The spring 88 connectmg the rod of the piston |
43 to the belt 64 allows the independent displace-
ment of the piston 43 with relation to the piston
44 in such a way that the valve 89 acting so as
to slow the variations of the position of the plston
43 delays the action upon the pulleys due to the
pressure p in the conduit.

In this way the time constant of p1ston 43 is

set approximately equal to the time constant of
the flow into the branch 3 and the torque exerted

by the belt 64 will constantly balance the: torque .

exerted by the belt 5T on the shaft 671. There-
fore, an ill-timed releasing is avoided since on
account of the inertia of the water the term q32
cannot vary as fast as p. The time constant of
piston 43 may be adjusted so as to be a little
greater than that one of the flow into branch
3 without any inconvenience since the restoration
01 the mains to norma,l use generally takes place
slowly. |

In PFig. 2 there is shown another modlﬁcatlon
of the invention wherein the piston 43 actuated
by the pressure p in the branch 3 is balanced by
coil spring 90. Also the piston 44
actuated by the Pitot tube i1 is balanced by a
coil spring 94. The rod 63 of the piston 43 has
attached thel eto a8, rope 84’ that 18 Wound on the
pulley 65. |

The pulley 65 is ﬁxed to the rotatably mounted
shaft 67’’. At the right hand end of the shaft
67’ is fixed g bevel gear 93. The plston rod 56
of piston 44 has attached thereto a rope 51’ that
is wound upon the pulley 58 which in turn is also

fixed to the shaft 67’. At the left hand end of
shaft 61’ as shown in Fig. 2 a bevel gear 92 13
fixed. The respective shafts 67’ and 671’7’ ¢

located in alignment with one another. A palr
of bevel wheels 94 and 94/ mtata,bly mounted
upon a supporting member 68’ mesh simultane-

ously with the bevel gears 92 and 93

A planet gear 85 is cut in the circumference 01'
the support 68’ and meshing with such planet
gear 1s a rack 69. The other elements such as
the rack, piston 8 and cylinder T involved in this
modlﬁcatmn are the same as previously de-
scribed with reference to the constluctmn shown
1n Pig. 1. | - -

The operation of this modlﬁcatlon 15 as fol-
lows. The gear assembly 92, 93, 94 and 95 con-
stitute a differential. The"r*efme the movement
of rack 69 is proportional to the sum of the rota-
tions of pulleys 58 and 65 and since these move-
ments.of rotation are proportional to the respecs
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tive. logarithms of p; on:one hand, and of: ¢, on
the other hand, with the same proportional fac-.
tor on both sides, the difference in such move-
ments will .be proportional to the logarithm of -

P
¢
From this it results that the position of the rack
v . ' : -p—
¢’
- 'With the device described a release is assured
every time that | T

D

¢

ecreases abruptly. On the other hand if the
pressure in 3 drops quickly following & rupture
in one of the mains 83, 84 or 85 the movement
of the piston 43, which is operated in accordance
with variation of the pressure existing at the
junction point I, this being aggravated by the
slow variation of rate of flow due to inertia,
would be instantaneous. The ratio |

D

e —

g*

would thereby be diminished considerably, and
the rod 16 would react with the trigger 36 and
bring about a shutting of the valve2.
The faucet 89, therefore, will allow adjusting
the time constant of the piston 43 so that 1t
will be equal to the time constant of the square
of the flow into branch 3 or slightly larger.
" In this way, an unexpected closure caused by
ruptures in the mains, 83, 84 or 89, is avoided.
Such ruptures bring about a rapid decrease in
pressure at the junction point | and an ill-timed
closing of the automatic protecting valves on un-
injured mains. | |
Instead of a cylinder movable along its axis use
may be made of another trigger operating mech-
- Referring to Fig. 6 the junction point of two
water mains of a distribution network is shown
at |. The automatic watergate 2 permits cut-
ting off branch 3. The distributor A controls the
valve of the watergate and the releasing elements
are disclosed at 5, 6 and 36 as described hereto-
fore. The cylinder (44 is submitted to the pres-
sure existing in branch 3 upstream from the
watergate 2. -
" The automatic watergate 2 comprises two pis-

tons {5 and (6 which are interconnected by a rod

9 At the bottom portion the upper piston is
provided with a valve {71 which when seated upon
the seat 18; cuts the flow througzh the branch 3.
_The distributor 4 which operates the water-
gate 2 comprises a hollow L-shaped slide valve
28. The full lines in Fig. 6 show the slide valve
in its position when valve {7 is kept in open posi-
tion. The dotted lines showing in Fig. 6, shown
at 21. indicate the position the slide valve holds
when closing the valve 2. |

- When the slide valve is in the full line position
of -Fig. 6 the upper cylinder 22 of the watergate
2 communicates through the pipe 23, the aper-

ture 24, the eperture 25 and thence through the

exhaust pipe 26 to the atmosphere.

 The lower cylinder 29 of the watergate 2 com-
municates through pipe 30, aperture 31, chamber
28 and pipe 32, aperture 33 with junction point I.
As g result of such connections the valve mem-
ber 11 is maintained away from its seatl i8.

o

10

20

29

30

40

o0

60

65

70

15

8;.;
..On the -other hand, however, when the slide
valve 20 is in the dotted line position 21 the lower
cylinder 29 will communicate through pipe 36,
aperture 31, aperture 26 and pipe 26 to the at-
mosphere while the upper cylinder 22 will com-
municate through pipe 23, aperture 24, chamber
28, the pipe 32 and aperture 33 at the junction
point {. When the slide valve 20 is in dotted line
position the valve member 17 is forced to closing
position and maintained closed. |
The releasing system comprises a tooth §, en-
gaged by a trigger 36, having a hook 18. . The
tooth is provided on the control rod 37 which rod
is -urged towards the right in Fig. 6 by a spring s
which has one end in contact with -a disc 30
mounted upon rod 37 -and the other end bearing
against a fixed abutment 3. The control rod
31 passes a stuffing box 40 and is fixed to ihe
slide valve 20. - | ot
.When the handle 17 is urged so as o tighten
the spring 6, the releasing mechanism may be
reset with the hook 18 engaging the tooth 5.
The system for actuating the trigger 36 com-
prises a differential manometer 41 and &
pressure accumulator (44 which functions se-
lectively. The manometer 4} comprises two
chambers 100 and 101 and the membrane 42
separates the two chambers and rests against &
disc 47. The disc 41 is provided with: a rod 48
which extends through the stuffing box 49 and
i« encircled by a return spring 52 which bears
ot one end upon a fixed abutment §3 and at the
other end on a disc 59 fixed to the rod 48. |
When the pressure acting upon the respective
faces of the membrane 42 results in a movement
from right to left as seen in Fig. 6 the force of
the spring 52 has been overcome and the end 8§
of the rod 48 contacts the trigger 36 and frees
the releasing system. When the hook 18 is re-
leased the tooth § is free and the spring 6 moves
the rod 31 toward the right as seen in Fig. 6
whereby the valve member {71 is moved to its
eat 18. o
" The pressure accumulator cylinder (44 is pro-
vided with a piston 80 whose right hand face as
seen in Fig. 6 is open to the atmosphere and &
return spring 61 bears at one end ¢ gainst the right
hand face of the piston 80 and at the other end
against the fixed abutment 102. The cylinder (44
is connected by a pipe 86 to the branch 3.
‘Whenever the pressure in the branch 3 falls
water passes through the pipe 88 from the cylinder
148 due to the action of the piston 606, which is
urged by spring 8f, and such action continues
until a new balanced position-has been reached.
" On the other hand, when the pressure increases
in the branch 3 the water will enter the cylinder
|44 slowly due to the throtiling action at T1 which
is adjustable by means of the pin screw 3. The
clack valve 62 is closed at such time. The clack
valve 62 is closed by action of the spring 12 which
is of suitable softness. By the above described
design any ill-timed releasing of the trigger 38
is avoided, such as: o
1. When a flow is initiated in the branch 3 since
at such time the pressure rises. |
9 Whenever there is a rupture in an adjacent
branch the automatic watergate therein having
operated, the pressure then rises rapidly at junc-
tion point |. -
- By the action of the cylinder |44 the operation
of the valve member 7 is selective in that it will
prevent any closing of the valve when the water

acceleration corresponds with a rise in pressure
at 1. | |
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Also, a rise in pressure in the branch 3 will
permit the upstream chamber of the manometer
41 to have a lower pressure than that existing at
inlet 34 because of the time lag caused by ad-
justable throtiling T1. |

The manometer 41 is connected on one hand

by the pipe 81 to the cylinder 144 and on the other
hand to the branch 3 by the pipe 82 connected
at 34 so that the distance separating the junc-
tions 34 and 35 of the pipes 82 and 86 with the
branch 3 is sufficient to secure a good sens1t1v1ty
to acceleration of the releasing system.

The cylinder 144 may be replaced by a simple
closed chamber 244, such as shown in Fig. 7, con-
taining air:
and ehmmatlon thereof, this air may be confined
in a rubber bladder 14 provided with a flat valve
{9 such as used in bicycles or automobile tires
extending outside of chamber 244.

In accordance with another modification of this
invention a plate 47 has been mounted at the
end of a rod 48, this rod 48 being provided with a
small disc 54 on which acts a restoring spring 52
the other end of which lies on the support 53. A
rubber foil 42 separates a casing into two com-
partments {89 and 101. A hollow rubber ball
4 is located in compartment 100 and might be
refilled with air at will through the valve 19 pro-
truding outwardly. At 62 is a clack-valve sub-
mitted to the action of spring 12; this clack-valve
is by-passed through an adjustable throttling
device needle valve 27. The pipe 88 transmits
the pressure of the main 3 in the right hand side
on chamber {808, The pipe 96 transmits the
pressure taken at the neck 97 of the Venturi pipe
98 to the left hand side chamber (01. In this

manner, if there is any sudden equal drop of
pressure on 99 and 97 the ball 14 increases in
volume and the clack-~valve releases water into

the main 3 and conversely if pressure increases

but water is stopped by clack-valve 62 there is

10

means being characterzzed notably by the use of
a rubber chamber in communication with the
upstream pressure intake canalization of the dif-:
ferential manometer, this piping being fitted with
a valve and a throttle bypass that permit the
liquid to get out easily from this capacity , but not
to enter as easily.

Finally as the pressure drop cr eated cOncomi-

- tantly to the water’s aceeleration, might have only

10

in order to avoid dissolution of air 15

20.

a0

e
o

40

an opposite action, the plate 4T being urged to

right. Therefore when the main 3 again comes
In action, the effect of acceleration of water which
would otherwise push the plate 47T to the left
will be overwhelmed by the faster flow of water,

into the left hand side compartment 181 due to

compression of air in the ball 4. |
Orpositely if there is 2 rupture in main 3 be-

yond point 31 an important drop of pressure be-

tween 97 and 99 will take place which will not be

compensated, this drop being mainly due at the

beginning to acceleration of water in main 3 and

nifie a sufficient distance between points - -
oo ' | | - two connection points 33 and 34 (Fie. 6) is 25

97 and 99. This acceleration being transient, the
throttling effect at 97
transient acceleratmn
rod 57. - :

Rod 48 acts on a trlgger such as 36 (Pig. 1) re-
leasing a tooth like 5§ which as before explained
operates the closure of the main valve such : as 277.

This last modification provides the use of a
differential manometer that will govern the re-
leasing of the machanism to bring about the clos-~
ing- of an automatic watergate when the water
acceleration goeg above a certain value.
ferential manometer is connected to two spaced
points of the branch to be protected so that the

should not

difference in pressure owing to acceleration alone

being able to bring about releasing.

Conjointly, to the differential manometer there
can be made use of a selective device consisting
in means for preventing the release of the clos-

ing mechanism, when the pressure to the nearby

extremity of the main stump is increasing, those

prevails later if such
move the

The dif-

- column then surges on instrument 41:

& transitory existance, one can furthermore ¢on-
nect the downstream intake of the release differ-
ential manometer on the downstream intake of a,
pressure drop generator such as venturi, tuyere
or diaphragm so as to increase the safety in ap-
paratus functioning,

The following are examples of operatlon of the

invention in different cases:

In mains 8 (Fig. 1) in the vicinity of the auto-
matic valve 2, the quotisnt of the pressure D by
the square g2 of the raie of flow ¢ measures the
resistance of the main to the flow. If Sow varies-
through normal service conditions, variations, in
rate of flow are slow. On the contrary a break’
in a main is followed by a rapid variation of re-:
sistance of the main and the controls of the
automatic valve 2 are set up in closing position #,
through action of instrument 18, 5, 38, the latfer

being driven in accordance with the time derwa-_

tion of the quotient P’ /q2,

When several mains are connected together |
(Fig. 6), it is desirable that when one of the
mains breaks all the respectwe automatic valves
do not close at the same time but that the unin-
Jured mains continue to work. On this prineiple
Systems have heen designed for delaying the
effect of pressure variations. If a rapid decrease

of pressure occurs in main 3, the rate of flow, by
virtue of the water’s inertia, decreases slower than

the pressure and the throttle 89 (Fig. 2) avozds
& rapid flow of water from chamber 9 to main 3
and prevents the closing of the automatic valves.

If one water main is fed by a reservoir in which -
the level of water is at 60 meters altitude and a

break occurs on the main, at 10 meters altitude

and the main length between break and reservoir
is 5,000 meters; then at the spot of the break,
pressure in the water main falls off to substan-

tially zero. Water in the main is at once sub-

‘mitted to an acceleration which bhalances the

pressure forces. Pressure drops in the upstream
part of the main will be one centlmetel water

column per meter.
If the length of the main included between the

meters, a pressure drﬂp of 25 centimeters water-
a pres-.
sure drop of such importance is largely sufficient’

- for setting automatic valve contro] in closing

80

operation. | o
If after main 8 has been closed, it is again. set-

- to normal service conditions: flow in main 3

might increase too swiftly and the closing mech-*

~» andsm might enter in action.

65

70

75

~ in the others.
‘Mmechanism 4, 5, 36 to enter in action, a chamber

This could happen also after a break occurs*
Waterflow decreases in mains which are con-
nected with the broken one, but as soon as the
broken main is closed water rate of low increases
In order to prevent the closing

144 slows down the pressure increase on the up-
stream side of the piston 471 and has an 1nh1b1t1ve
action on the mechanism 4, 5, 36. |

Fig. 7 illustrates another example of a cham-

ber which also will have such an inhibitive effect,.
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Pg. 8 illustrates an installation comprising a

chamber analogous to chamber 244 of Fig. 7 and

a pressure drop generation system such as a

Venturi pipe. This design combines additively

the drop of pressure effects both of the accelera-

tion and of the rate of flow.
It is advantageous with respect to Fig. 8 op-

erating in such a manner that the distance be-
tween the point in the neighborhood of the con-
necting junction constructed upon the conduit
$ and the point located at the neck of the venturi
should be at least equal to 5 times the diameter
of the conduit and preferably equal to 20 times
such diameter. -

What is claimed is:
1. In a valve located upon a liquid conduit, a

water tight element whose application against an
orifice and its recess asSsSures respectively the
opening and the closing of said valve, motor
means for closing said water tight element, con-
trol means for said motor means, a chamber, a
flexible membrane dividing said chamber into a
first and a second compartment, a first pipe, one
of the ends of said first pipe being tapped to a
first point of said liquid conduit upstream while
the other eng is tapped to sald first compartment
of said chamber, a second pipe, one of the ends of
said second pipe being tapped to the second com-
partment of said chamber and the other end
being tapped to a second point of said conduit
suficiently spaced down stream Ifrom said first
point in order to cause suddenly a difference in
pressure between the two tapped points upon said
conduit as a function of the second time deriva-
tive of the liquid volume which traverses a local
cross-sectional area of said conduit, said differ-
ence in pressure tending to bring about a deforma.-
tion of said flexible membrane, means for oppos-
ing the deformation of said flexible membrane
when said second time derivative does not exceed
a predetermined value and for deforming said
membrane when said predetermined value is ex-
ceeded, means operated by the displacement of
gaid membrane to bring about the action of said
control means, said motor means and sald water
tight element to close said valve when said flexible

membrane is deformed simultaneously with a

rupture in said conduit and means for prevent-
ing the closing action of said valve when the pres-
sure in said conduit increases.. - T

2. In a valve located upon a liquid conduit, a
water tight element whose application against an
orifice and its recess assures respectively the
opening and the closing of said valve, motor
means for closing said water tight element, con-
trol means for said motor means, a chamber, a
flexible membrane dividing said chamber into a
first and a second compartment, a movable plate
bearing against said flexible membrane, a first
pipe, one of the ends of said first pipe being tapped
to a first point of said liquid conduit upstream
while the other end is tapped to said first com-
partment of said chamber, a second pipe, one of
the ends of said second pipe being tapped to the
second compartment of said chamber and the
other end being tapped to a second point of said
conduit sufficiently spaced down stream from sald
first point in order to cause suddenly a difference
in pressure between the two tapped points upon
said conduit as a function of the second time
derivative of the liquid volume which traverses
a local cross-sectional area of said conduit, said
difference in pressure tending to bring about a
deformation of said flexible membrane, a spring
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cooperating with said plate for opposing the de-
formation of said flexible membrane when said-
second time derivative does not exceed a prede-
termined value and for deforming said mem-

brane when said predetermined value is exceeded,;’

means operated by the displacement of said mem-
brane to bring about the action of said control
means, said motor means and said water tight
element to close said valve when said flexible
membrane is deformed simultaneously with a
rupture in said conduit and means for preventing
the closing action of said valve when the pres-
sure in said conduit increases. o

2 In a valve located upon a liquid conduit, a
water tight element whose application against an
orifice and its recess assures respectively the
opening and the closing of said valve, motor
means for closing said water tight element, con-
trol means for said motor means, a chamber, &
Aevible membrane dividing said chamber into
a first and a second compartment, a movable plate-
bearing against said flexible membrane, a first
pipe, one of the ends of said first pipe being
tapped to a first point of said liquid conduit up-
stream while the other end is tapped to said first
compartment of said chamber, a second pipe,
one of the ends of said second pipe being tapped
to the second compartment of said chambeér and
the other end being tapped to a second point of
said conduit sufficiently spaced down stream from
said first point in order to cause suddenly a dif-
ference in pressure between the two tapped points
upon said conduit as a function of the second
time derivative of the liquid volume which trav-
erses a local cross-sectional area of said conduit,
said difference in pressure tending to bring about
a deformation of said fiexible membrane, a spring-
cooperating with said plate for opposing the de-
formation of said flexible membrane when sald
second time derivative does not exceed a pre-
determined value and for deforming said mem-
brane when said predetermined value is exceed-
ed, means operated by the displacement of said
membrane to bring about the action of said con-
trol means, said motor means and said water
tight element to close said valve when said flexi-
ble membrane is deformed simultaneously with
a rupture in said conduit, means for preventing
the closing action of said valve when the pres-
sure in said conduit increases, a trigger normal-
ly locking said control means of said motor means
and a rod having one of its ends connected to
said plate and the other end cooperating with
said trigeer to release said control means when

Y said flexible membrane is deformed to bring about:

70

78

the action of said control means simultaneously
with a rupture in said conduit. - - |

4. In a valve located upon a liquid conduit; a
water tight element whose application against

“an orifice and its recess assures respectively the

opening and the closing of said valve, motor
means for closing said water tight element, con-
trol means for said motor means, a chamber,
a flexible membrane dividing said chamber
into a first and a second compartment, a first

pipe, one of the ends of said first pipe being
tapped to a first point of sald lquid conduit up-
stream while the other end is tapped to said
first compartment of sald chamber, a second
pipe, one of the ends of said second pipe being
tapped to the second compartment of said cham-
ber and the other end being tapped to & second
point of said conduit sufficiently spaced down
stream from said first point in order to cause
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suddenly a difference in pressure between the
two tapped points upon said conduit as a func-
tlon of the second time derivative of the llquid

volume which traverses a local cross-sectional |

area of said conduit, said difference in pressure
tending to bring about a deformation of said
flexible membrance, means for opposing the de-
formation of said flexible membrane when said

second time derivative does not exceed 3 pre-

defermined value and for deforming said mem-
brane when said predetermined value is ex-
ceeded, means operated by the displacement of
seid membrane to bring about the action of said
control means, said motor means and said water
tight element to close said valve when said flexi-
ble membrane is deformed simultaneously with
a rupture in said conduit, means for retardinge
the Increase of pressure in said first compart-
ment, said means comprising a retarding cham-
ber having a volume variable with the pressure
of the liquid in said first pipe, two branch=s
connecting said last named chamber to said

by §
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condult, a neck provided in one of said branches,
a valve provided in the other branch to retard
the transmission of the pressure from the
sampling point upstream to said first compart-
ment of said first named chamber to prevent
the deformation of said flexible membrane and
its closing action when the pressure in said con-
duit increases. -

LOUIS CHARLES EUGENE FRAGER.
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