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ABSTRACT OF THE DISCLOSURE

A water pressure system combining a hydro-pneumatic
tank and a plurality of mechanical pumps to provide
continuous constant water pressure at all taps throughout
the system regardless of tap size or elevation. The pumps
are in a parallel arrangement between the water source
and a pressure regulated discharge conduit. One of the
pumps provides water to the hydro-pneumatic tank for
low demand situations. The other pumps are activated as
the demand rises. Low demands are satisfied by the hydro-
pneumatic tank without activating the mechanical pumps.
The system substaatially eliminates unwanted pressure
fluctuations.

This invention relates to a water pressure booster sys-
tem and more particularly to a combined hydro-pneumatic
and a continuously running pump system.

Heretofore water pressure systems in common use have
been tank type systems in which water is pumped into a
closed tank containing air and starting and stopping of the
pump is controlled in response to the pressure in the
tank. Such systems are subject to the following disad-
vantages, all of which are accentuated in larger systems
for office and apartment buildings and the like: (1) they
require a large tank which is expensive and which occu-
pies a large amount of expensive space; (2) they are dif-
ficult and expensive to replace particularly in the case of
large tanks which are placed in the building during orig-
inal construction and which require assembling on the
job in sections for replacement or tearing out part of the
building structure to gain access; (3) the systems are
subject to pressure fluctuations on the order of at least
twenty to thirty pounds per square inch which represents
the normal differential setting of the pressure switch con-
trolling the pump; (4) the systems are subject to corro-
sion occasioned by absorption of air by the water held
in the storage tank. While the air absorption problem may
be answered to some extent by providing separate flexible
enclosures similar to balloons in which the air is confined
or by providing floats on the top of the water in the
tank to minimize air absorption the other problems neces-
sarily exist in a conventional hydro-pneumatic system.

Recently, continuously running pump systems have
been developed which employ a plurality of pumps, com-
monly of different sizes, which are operated selectively
and in predetermined combinations in response to varia-
tions in demand and at least one of which is running
at all times. One such system is more particularly dis-
closed and claimed in my co-pending application Ser. No.
269,515 filed Apr. 1, 1963, now Patent No. 3,195,555,
These systems overcome all of the disadvantages of the
tank type systems but are subject to the disadvan-
tages that one of the pumps must be running even during
periods of zero or near-zero demand such as during the
night hours or over week ends in the case of office
buildings. .

It is accordingly a principal object of the present in-
vention to provide a water pressure system which com-
bines the advantages of the hydro-pneumatic type tank
tank systems and the continuously-running pump sys-
tems while substantially eliminating the disadvantages of
both.
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Another object is to provide a water pressure system
which incorporates a small capacity hydro-pneumatic
tank capable of handling only a small fraction of the
maximum demand and connected to one pump only
which is effective only during low demand periods with
the system operating as a conventional continuously run-
ning pump system during periods of higher demand.

According to a feature of the invention the tank is con-
nected to the pump at a point between the pump and the
pressure regulator therefor so that fluctuations in tank
pressure are not reflected in the building lines and so that
wider pressure swings can be tolerated in the tank than
with conventional -hydro-pnuematic tank type systems.

According to another feature of the invention the cut-
off of the supply of water to the tank is controlled in
response to the differences in pressure between the supply
source and the tank to take advantage of supply pres-
sures higher than design minimum.

The above and other objects and features of the in-
vention will be more readily apparent from the following
description when read in connection with the accompany-
ing drawing in which the single figure is a diagrammatic
view of a water pressure system embodying the invention,

The invention may be applied to substantially any de-
sired type of water pressure booster system including a
single pump or two or more pumps. For purposes of illus-
tration there is shown in the drawing a system similar to
that disclosed in my co-pending application Ser. No.
269,515 which includes three pumps 10, 11 and 12 which
may be of different sizes and capacities. For example the
pump 16 may be of a size to supply approximately twenty-
five (25) percent of the maximum anticipated demand
while each of the pumps 11 and 12 is of a capacity to
supply approximate'y fifty-five (55) percent of the antic-
ipated maximum demand. Each of the pumps has its
inlet connected to a water supply conduit ¥3 which may
receive water under pressure from a conventional city
water supply main either directly or through an open
storage tank. The outlet of each of the pumps is con-
nected through a pressure regulating valve 14 to a main
supply line 15 which leads to headers extending through
the building and supplying water to the usual outlets
therein as well as in some cases supplying water to fire
fighting systems. The pump 18 is driven by an electric
motor 16 and the pumps 11 and 12 are driven by similar
e'ectric motors 17 and 18 which are of appropriate size
to drive the respective pumps.

According to the present invention, the pump 19 is
adapted to supply water to a hydro-pneumatic tank 19
which may be of conventional tank construction but
which is of a size to supply a maximum of approximately
fifteen (15) to twenty (20) percent of the anticipated
maximum demand for water. In this way the tank may be
made relatively small and it is preferably provided either
with a flexible bag or similar closure to contain the air
to minimize absorption of air in the water and to -elimi-
nate the necessity for a compressor or similar system to
maintain air in the tank. As shown, the water-holding
portion of the tank is connected through a conduit 21 to
a point between the discharge side of the pump 16 and
the regulator 14 therefor. The tank may be provided with
a control device responsive to the quantity of water in
the tank such as the usual pressure responsive mechanism
22 responsive to the pressure in the tank to close a switch
23 when the pressure is below a predetermined value and
to open the switch when the pressure rises above a higher
predetermined value. Assuming for example that a pres-
sure of 100 pounds per square inch is desired in the line
15 the pressure switch may be adjusted to close when the
pressure in the tank falls to approximately 105 pounds
per square inch and to open when the pressure approaches
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the . maximum head pressure of the pump employed
(which would be 135 to 145 pounds per square inch for:a
steep-head-curve pump normally employed).
Control of the several pump motors is jointly -effected
by the switch 23 and by a flow meter 24 which is con-

nected across an orifice 25 in the line 15. As diagram-:

matically illustrated, the flow meter mcves a contact arm
26 -into -engagement: with four different sets of. contacts
at- different positions to effect the desired control of the
pump .motors, In the minimum or zero flow position illus-
trated, the contact arm disengages all of the contacts.
When the: flow : exceeds approximately fifteen (15) or
twenty - (20) percent of the maximum : anticipated de-
mand, the contact arm: will engage a contact 28. When
the fiow exceeds approximately twenty-five (25) percent
of the maximum anticipated demand, the contact arm
will engage .a contact 29. When the flow is above ap-
proximately fifty-five (55) percent of the anticipated de-
mand, the contact arm will engage a pair of contacts 31
and 32. When the flow exceeds approximately eighty (80)
percent of the maximum anticipated demand, the con-
tact arm will engage a pair of contacts 33 and 34.. As
shown; the contacts: 29, 32 and 34 are .interconnected
and the contact 3% is interconnected with the. contact 28.
It will ‘be understood that these values are by way .of
example: only -and could. vary widely depending upon
the number of pumps and the desired division of the
load.

One side of a source of power indicated at 35 is con-
nected directly to each of the motors 16, 17 and 18. The
other side of the power source is connected.through a
wire 36 ‘to the coniact arm 26 and through a wire 27 to
the switch 23, The contacts 29; 32 and 34 are connected
through a time delay device 37 to the other side of the
motor 17 and the contact. 33 is: connected to the other
side of the motor 18. The other side of the motor 16 is
connected through a wire 38 with theé switch 23 and also
with a wire 39 leading to the contact 28 and 3%.

When the supply line 13 is connected to a variable
pressure source such as a source of city water pressure
that:may be desirable to permit the pressure in the tank
19 to build up to a higher value to take advantage of
higher pressures at the source. For this-purpose; as shown,
a differential pressure responsive device 41 is connected at
one side to the upper part of the tank 19 and at its other
side .to the supply conduit 13. The differential - pressure
device 41 closes a switch 42 when the differential pres-
sure is below a predetermined value and opens the switch
42 'when ‘the differential pressure rises above the value
or a slightly higher predetermined value, One side of the
switch 42 is connected directly to one side of the source
of power through a wire 43 and the other side is con-
nected to one end of a relay coil 44 which when energized
closes two normally open switches 45 and 46. The switch
45 is. a holding switch which when closed completes a
circuit: through a wire 47 from the contact 27 through
the coil 44 and switch 42 to one side of the power source.
The switch 46 when closed completes a circuit from the
contact 27 through the wire 47 to the other side of the
motor .16 to maintain the motor energized as:long as the
switch 46 is closed and the contact 26 is in engagement
with the contact 27.

In operation, when the demand is below approximately
fifteen (15) or twenty (20) :percent of the anticipated
maximum demand, and if the pressure in the tank 19
is below the set cutoff pressure, the switch 23 ‘will be
closed and the motor 16 will be energized to drive ‘the
pump ‘10. The: pump 10 will supply whatever small de-
mand may exist with its excess capacity being pumped
into the tank 49 to build up the pressure therein. As soon
as the pressure in.the tank reaches the cutoff point for
which the.pressure device:22 is set, the switch 23 will
be opened and normally the motor 16 will be stopped.
However, in cases where the pressure differential-device
31 -is employed, the motor may continue to operate if
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the inlet pressure is above normal until the:tank reaches a
pressure sufficiently high so that the differential between
the tank pressure and supply pressure will cause the
switch 42 ‘to open. As water is withdrawn through the
system with ‘the demand remaining below the approxi-
mately fifteen (15) or twenty .(20) percent: level, water
will be taken from the tank until the pressurethercin:
drops to: the point where the pressure :responsive device
22 again closes the switch 23.. At this time the motor 16
will again: be energized to drive the pump 18 and the
cycle . will repeat:in the same manner as the cycling of a
conventional hydro-pneumatic tank system.

At any time the demand exceeds the approximately
fifteen: (15) or twenty . (20) percent level. mentioned
above, the contact 26 will close a circuit to the contact
28. At this time the motor 16 will be continuously ener-
gized through the contact 28 and wires 39 and 38 so that
the . pump. 16 will operate continuously. At this time the
hydro-pneumatic tank 19 will be filled with water but the
switches 23 and 42 will be wholly ineffective to coatrol
operation of the motor 16.

Should the demand increase to a point above the capac-
ity of the pump 16, about twenty-five (25) percent of
the expected maximum demand, the contact 26 wiil dis-
engage the contact 28 and will close a circuit to the con-
tact 29. At this time the :motor 16 ‘will be de-energized
and the motor 17 will be energized through the time de-
lay device 37 to drive the larger pump 11.:The time de-
lay device 37 is preferably provided so that the pump ir
will not be started in the event there is a momentary
short demand for water in excess of the twenty-five (25}
percent demand rate which can be satisfled by the pump
10, After the time delay device 37 has run through its
time cycle; preferably on: the: order of a very few sec-
onds, the motor 17 will be energized to drive the pump
11 which is of a size to. satisfy the existing demand.

Upon a further increase in demand to above approxi-
mately fifty-five (55) percent of the anticipated maximun
demand the contact 26 will move up further to.engage
contacts 31 and 32. The circuit through contact 32 will:’
maintain the motor 17 in operation while the circuit com-
pleted through contact 31 will again energize the motor
16 through the wires' 39 ‘and 38. Thus: both pumps 10
and 11 will be driven simultaneously and have a maXi-
mum :capacity equal to approximately eighty (80) per-
cent of the maximum anticipated demand. Should the de-
mand exceed ‘ approximately eighty . (80) percent or
perhaps somewhat less than that the contact 26 will further
be moved to engage contacts. 33 and 34.: The circuit
through contact 34 will maintain the motor 17 and pump
11 in operation whilé the circuit through' contact 33 will
energize the motor 18 to drive the pump 12. Thus at this
time both pumps 11 and 12 are simultaneously in opera-
tion and provide a maximum rated capacity -equal to
about 110 percent of the maximum: anticipated demand.

It will be seen that the present: system combines the
advantageous features of both the hydro-pneumatic tank
system and the-continuously running pump systems. Since
the tank need accommodate only about fifteen (15) or
twenty (20 percent of the maximum anticipated demand
it can be made of relatively small size so.that it ‘will be
relatively -inexpensive - and will ‘occupy a small amount
of space. Furthermore it can easily be replaced should
this become necessary without the necessity of construct-
ing the new tank on the, site or of tearing out any por-
tion of the building: structure to remove the old tank
and bring in a new one, Also the objectionable pressure
fluctuations of a conventional hydro-pneumatic tank sys-
tem are eliminated by connecting the tank to the pump
10 at a point ahead of the pressure regulator valve 14
for that pump so that flow from the tank into the building
supply line 15 must. go through:the pressure regulating
valve. This arrangement also enables-the tank to accom-
modate much wider pressure fluctuations thereby again
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aiding in reducing the size of the tank without produc-
ing objectionable pressure fluctuations at the fittings.

While one embodiment of the invention has been shown
and described in detail it will be understood that this is
for the purpose of illustration only and is not to be taken
as a definition of the scope of the invention, reference
being had for this purpose to the appended claims.

What is claimed is:

1. A water pressure system comprising a plurality of
pumps connected in parallel between a water supply source
and a discharge conduit, pressure regulating means for
said discharge conduit, a closed hydro-pneumatic tank
adapted to contain both water and air, a connection from
one of the pumps to the tank to pump water into the tank,
a control device responsive to pressure in the tank to start
said one pump when the pressure is below a predeter-
mined value and to stop it when the pressure is above a
higher predetermined value, control means responsive to
the demand on the system, means operated by the con-
trol means when the demand exceeds a predetermined low
value to cause said one pump to operate continuously
irrespective of the control device, and means operated
by the control means when the demand exceeds a higher
value to start a second pump.

2. The water pressure system of claim 1 wherein said
pressure regulating means include pressure regulators be-
tween each of the pumps and the discharge conduit and
in which the connection from the tank to said one of the
pumps is to a point between the pump and the pressure
regulator therefor.

3. The water pressure system of claim 1 including a
second conirol device responsive to the difference in pres-
sure between the supply source and the tank, and means
operated by the second control device to maintain said
one pump in operation until said difference in pressure
reaches a predetermined value.

4. The water pressure system of claim 1 in which the
means for starting the second pump includes a time delay
device,

5. A water pressure system comprising a plurality of
pumps connected in parallel between a water supply
source and a discharge conduit, pressure regulating means
for said discharge conduit, a closed hydro-pneumatic tank
adapted to contain both water and air, a connection from
one of the pumps to the tank to pump water into the
tank, a control device responsive to pressure in the tank
to start said one pump when the pressure is below a pre-
determined value and to stop it when the pressure is
above a higher predetermined value, control means to
disable the control device under predetermined demand
conditions, and control means responsive to demand on
the system to control operation of all of the pumps selec-
tively and in predetermined combinations.

6. A water pressure system comprising a plurality of
pumps connected in parallel between a water supply
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source and a discharge conduit, pressure regulating means
for said discharge conduit, a closed hydro-pneumatic tank
adapted to contain both water and air, a connection from
one of the pumps to the tank to pump water into the tank,
a control device responsive to pressure in the tank to
start said one pump when the pressure is below a pre-
determined value and to stop it when the pressure is above
a higher predetermined value, a flowmeter responsive to
flow through the discharge conduit, a plurality of contacts
selectively operated by the flowmeter at different pre-
determined flow rates, the contact for minimum flow being
connected to the control device to make it effective and
the contacts for higher flows being connected to oper-
ating means for the pumps to conirol operation of the
pumps selectively and in predetermined combinations in-
dependently of the control device.

7. A water pressure system comprising a plurality of
pumps connected in parallel between a water supply
source and a discharge conduit, pressure regulating means
for said discharge conduit, a pressure regulator between
each of the pumps and the discharge conduit, a closed
hydro-pneumatic tank, a connection from the tank to a
point between a first of the pumps and the pressure
regulator therefor, a control device responsive to the
pressure in the tank to start the first pump when the
pressure is below a predetermined value and to stop it
when the pressure is above a higher predetermined value,
a flowmeter responsive to flow through the discharge con-
duit, a plurality of switches selectively closed by the flow-
meter at different flow rates, the switch closed at minimum
flow being connected to the control device to make it
effective and the switches closed at higher flows directly
controlling operation of all of the pumps.

8. The water pressure system of claim 7 including a
second control device responsive to the pressure differen-
tial and the water supply source, and means controlled
by the second control device to maintain the first pump
in operation until the pressure differential reaches a pre-
determined value.
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