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This invention relates to pumping systems and 
in one of its more specific aspects to a pump 
ing System. Wherein pumping apparatus is emi 
ployed to transmit a fluid medium to a storage 
tank that is located at a point remote there 
from. 
The primary object of this invention is to pro 

Vide a pumping System having devices responsive 
to both pressure and rate of flow of fluid trans 
mitted through the system for controlling the 
Operation of the pumping apparatus, 
Another object of the invention is to provide 

means for placing pumping equipment into and 
out of service depending upon the pressure at 
the discharge of the pumping equipment and 
the rate of Withdrawal of fluid from the system. 
The invention has for another object the pro 

vision of control means within a pumping sys 
ten, which means is adapted to maintain a pump 
ing equipment in operation in response to pre 
determined flow through the system within a pre 
determined pressure range developed downstream 
of the pumping equipment. 
A further object of the invention resides in 

the provision of an automatic pumping system 
wherein the pumping unit or units are main 
tained in operation so long as conditions within 
the System justify such operation. In this man 
mer the pumping equipment is operated at a rela 
tively high efficiency and the effectiveness of stor 
age facilities that form part of the system is 
increased. 
A still further object of the invention is to 

provide a pumping System of the character in 
dicated which is relatively simple in design and 
trouble-free in operation. 
While the apparatus of the instant invention 

may be advantageously employed in various types 
of Systems, it is especially useful in Systems for 
supplying Water to a community. In city Water 
Systems it is customary to pump Water from a 
reservoir to an elevated storage tank located 
at considerable distance from the reservoir. It 
has heretofore been the practice in city Water 
systems to control the operation of the pumps 
either manually Or automatically in response to 
the pressure head maintained in a storage tank. 
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The level of the Water Within the tank is gene 
erally maintained between predetermind upper 
and lower limits. When the Water level drops to 
the lower limit Within the tank, the correspond 
ing low pressure head is utilized to start the 
pump at the pump station. Once it starts, the 
pump continues in operation until the level in 
the tank reaches the upper limit at which time 
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the pump is automatically cut off. Experience 
has demonstrated that there are a number of 
objections to the Ordinary simple form of COn 
trol. For one thing, it is usually customary in 
such systems to set the pump in Operation. When 
the level within the storage tank has dropped 
to say 40% of the maximum level. For exam 
ple, if the storage tank has an effective height of 
25 feet, the pump is placed in Operation. When 
the level within the tank drops to 10 feet. The 
pump continues to supply water to the system 
until the level within the tank is raised to 25 
feet at which time the pump is cut off. It will 
be noted that a rather substantial variation in 
pressure head occurs during the operation of 
the System. Also the effectiveness of the storage 
tank is materially reduced since necessary water 
is not supplied thereto until the level has re 
ceded a considerable distance, namely, 60% of 
the height of the tank. It will be apparent that 
if a sudden heavy demand is placed on the sys 
tem due to a large fire or the like when the sup 
ply in the tank is at its lower limit, it may be 
difficult to supply the entire demand placed on 
the System under such circumstances, - . 

Moreover, One of the important factors is that 
of friction loss. In many instances the pump is 
arranged to deliver water directly to outlets as 
well as to the storage tank. The friction loss 
through the conduit arrangement will vary con 
Siderably depending to a large extent upon the 
demand for water at various outlets. When the 
friction loss is high, the combined pressure which 
must be developed by the pump to overcome the 
head in the tank and the friction loss may ex 
ceed the pressure at which the tank is normally 
placed out of operation, even though the water 
within the tank may not have reached the pre 
determined upper level at which it is intended to stop the pump. 
The instant invention overcomes the forego 

ing objections to pressure control pump systems 
by controlling the operation of the pump in 
response to a combination of conditions. I uti 
lize both the pressure developed within the sys 
tem and the rate of flow of fluid therethrough for 
controlling the pump or pumps. The pump is 
initially placed in operation in response to the 
pressure head within the storage, tank, HOW 
ever, when the pump is once started it will not 
be cut out as Soon as the pressure builds up 
to the maximum head provided by the tank, but 
will continue in operation so long as there is a 
Substantial draft from the system. In other 
Words, the System is so arranged that the pump 
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is automatically operated so long as the conditions of the pressure responsive switches and controlier 
within the system justify the supplying of water f. 
thereto. By virtue of the practice of this inven- Pressure responsive switches 35, 36 and 37 Com 
tion, the pumps may be operated at a relatively municate with flow line by Way of Conduits 
high efficiency and at the same time conserve the 5 39, 40 and 4, respectively. Each of these Switches 
water that is stored in the tank for emergency is subject to the pressure in line 7 on the dis 
Se. charge side of pump 5 and each switch is 
The above enumerated objects; as well as other. adapted to be actuated into circuit breaking posi 

objects, together with the advantages attainable tion in response to different maximum pressures. 
by the practice of this invention, will be readily O. For example, switch 35 remains closed until the 
understood by reference to the following detailed pressure of the fluid in conduit 39 exceeds a pre 
description taken in conjunction with the anr determined value such as P1 at which time the 
nexed drawings, wherein switch opens. Correspondingly, switches 36 and 

Figure 1 is a Somewhat diagrammatical rep. 37. remain closed until the pressure in lines 40 
resentation of a system embodying-apparatus for 15 and 4ii exceeds corresponding predetermined 
practicing the invention; and maximum values P2 and P3, respectively. 

Figure 2 is a diagrammatical illustration of a. Lettus assume that valve 22 is closed and that 
modified embodiment of the invention. storage tank 8 is filled to its maximum level I. 

Referring now to the drawings wherein like " Under these conditions, switch 26 will be in the 
reference numerals designate corresponding parts 20 position indicated in dotted lines and switch 35 
throughout...the. Several.js figures,... and more ipar- will be open since the pressures within the system 
ticularly to Figure 1 thereof...a prime mover : will exceedi.P13. Prime, mover 8; and therefore: 
which is preferably an electric motor is provided... pump 5 will be placed out of service... If the level. 
With a controller or starter. Which is connected. in tank 8 drops below. Land there is still no-flow. 
to. a source: of electrical supply. (not shown) by 25 through line; 2.f, switch 26 will remain in the 
leads: 2. and 3. A drive, shaft 4 (actuated by dotted position but switch 35 will be closed since. 
prime. mover ?o imparts rotation to a suitable the pressure within the system... at this time is 
pump. 5 such as a centrifugalpump. Water from b?lowy i vald? P. - Thiei circuit Stöcóntrol?r: is : 
a reservoir (not-shown) is supplied in the inlet ... completed: under; these circumstances. through 
of pump 5 by a conduit...f6 and is discharged 36 conductor: 28-switch 26; member 29, conductor 
through the pump outlet into a flow or main 32, pressure switch.35 and conductor 38 with the 
line IT that communicates with an elevated stori- result that ithe prime mover is placed inservice 
age-tank 8 generally located at a distance from and water is supplied to tank. 8 until the pres 
the pump. An altitude valves generally- desig-- sure in the system exeeeds Piat which time pres 
nated-by numeral 93-automatically cuts of the .35 sure-switch 35 is open:- 
supply of water-to-the-storage tank when ther Let us next assume that there is a substantial. 
water reaches a predetermined maximum level L. demand on the systema throughi distribution - line 
A.Venturitube or other known type of differ- 2t and that the level-of the watér. Within tank-i8. 

ential pressure-producer is placed in-series in is at isóme-intermediate point between-Li and l. 
line 7: One or more branchor distribution lines - 40:Under these conditions; switches:35 and 36 will 
2 f having a control valve.22 is connected to line- both be-closed since, the pressure acting thereon. 
IT intermediate the Venturitube and the storage is assumed as being belów-either Pi or P3. The: 
tank. Pressure pipes - 23 and 24 communicate pump will be initially set int-operation-through 
with the upstream side and throat of the Wenturi the circuit containing switch-35 and member 29. 
tube and the interior of a flow meter 25 which is 45.If the rate of fluid flow throughline 7 is within 
preferably of the recording type. The differ- the range-Ra, then-switch 26 is rotated to-the 
ential-pressure-across the Venturi tube serves as position illustrated in full lines in-the-drawing; 
a measure, as indicated and recorded by meter thereby completing the circuit to controller fl. 
25; of rate of fluid flow throughline ti A switch through member 30 and switch:36: The pump 
armi 26&pivoted at: 2T?ispositioned by the meter -50“ismaintained in operationªthrough thelastmen--> 
25 in accordance with-theirate of flow through tioned circuituintil changesin either-the rate of 
line T. A conductor 28 forming a leg of an elec- fluid flow or the pressure cause this circuit to be: 
LLLLLL LLLLLlLlLlLl LLLLLL LLLLLLLLSLLLL LLLLLLlLLLLLLL S LLLLSLLLL S SSS GLkLLLS 
switch 26. It will be observed that switch 26 is . The embodiment of the invention illustrated: 
rotatable about pivot:21 and is so constructed 55 in Figure2 amounts to a modification of that 
and arranged as to successively form electrical illustrated in Figure 1. This embodiment of ther 
contact with arcuate conductor members-29, 30's invention-includes a pressure conduit 45 estab 
and 3: The individual arcuate member con- lišhing comimüürilication between föw, línie T anda 
tacted by switch 26 at "any particular time will pressure-responsive switch 6that maybe simi: 
depend upon the rate of fuid flow through the 60 to the pressure resis Switches shown in LL LLLLLS SLLL LLLLy tt 0 Y LLL slLLLlLLLLLLL S STYLL KS SKLLkLeTLL LMLMLkkALL LLLLLLTTS 
with arcuate member 30. The meteris. of a type ????????? ?????àn???????????à:!!?ndó: s. - - - n + A-Yr-Yn awrth Ar 90 - üetors i 473 and 548. - Ai second-pressure: condidit ??. LLLLLS LLLLLL0SY0kMLkT LLLLkL LMMmLLeT 0 LLkLLkeS S LTLLSLTyLLLLyLySLLLLySLLS the rate of fluid flow is within a predetermined as. ?:G??????????????me - .. - --- 65 * Ti Ta * seco?adí préšsüre “switch 50 PrëŠStre. 
range Fisueh, a.S:Ri, Switch 26 contacts arcuate switchi 50 is connected acrossi conducters 4ard 
member 30 When the rate of fuid flow is increased, 4. 8-through a iconductor 5? a:tilting switch:52 in 
to-a, higherrange Rarandcorrespondingly conº aflow.meter-53sandº conductors 54-and-555 
tacts member 3; when the rate of fluid flow is... With the-arrangement i shown-ain- Figure- 2, 
within; an upper range of rate of flow. R3. Con-, 70 'switch 46 is so constructed and arranged as to be 
ductors 32,;33 and 34, respectively; establish elec- closed when the pressure in the system is within 
trical connection between-members 29, 30 and 3 is a predetermined-range; such as between P and Ps. 
ande corresponding pressure-responsive switches is Pressureiswitch-50 is adapted to remain closed. 
generally denoted: by reference numerals 35, 36- until the pressure within the system exeeeds -a- 
and 37. A conductor 38 is connected with each v.75 preselected pressure that is higher than the maxi 
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imum pressure P5 at which switch 46 is set to open. 
Switch 46 will be closed so long as the pressure 
in the system is within the range P4 and Ps. 
Should the pressure within the system drop below 
P4 or rise above P5, switch 46 will open. 
Tilting switch 52 is of a character and is so se 

lected as to be opened by meter 53 when the rate 
of fluid flow through line it is below a predeter 
mined value such as R4 but to be closed when 
such rate of flow is the same as or greater than 
R4. When the rate of fluid flow through con 
duit IT is the same as or greater thain the value 
R4 and pressure switch 50 is closed, the pump 
Will continue to supply Water to the system so 
long as conditions permit. Should the pressure 
increase to a value greater than that at which 
Switch 50 is set, that switch will be opened, plac 
ing the pump Out of Service; or should the rate 
of fluid flow through line decrease to a value 
below R4, tilting switch 52 will be opened, sim 
ilarly placing the pump out of service. 
As above described, the various controls are 

discussed in connection with the operation of a 
single pump. It Will be apparent that the Oper 
ation of a plurality of pumps may be properly 
controlled by similar arrangements of apparatus. 
While the present invention has been dis 

cussed in detail in Connection with storage tanks, 
it will be apparent to those skilled in the art that 
it may be used with various other systems; for 
example, the arrangements herein described may 
be used advantageously in supplying water to a 
tall building that does not have a storage tank, 
Also, the invention is adapted to be used with 
beneficial results in a bOoster arrangement, such 
as the type employed in transmitting oil or the 
like considerable distances. 
From the foregoing, it is believed that the con 

struction, operation and advantages obtainable 
by the practice of my instant invention will be 
readily understood by persons skilled in the art. 
It is to be borne in mind, however, that various 
changes in the apparatus herein illustrated and 
described may be resorted to without depart 
ing from the spirit of the invention or the scope 
of the subjoined claims. 
I claim: 
1. A pumping system comprising a pump in 

cluding an inlet and an outlet, means for de 
livering fluid to the pump inlet, a discharge Con 
duit connected to the pump outlet, and means 
responsive to the pressure of the fluid in the con 
duit and to the rate of fluid flow through the 
conduit for controlling the operation of the pump. 

2. A pumping system comprising a pump in 
cluding an inlet and an outlet, means for deliver 
ing fluid to the pump inlet, a discharge conduit 
connected to the pump outlet, and means re 
sponsive to the pressure of the fluid in the cOn 
duit and to the rate of fluid flow through the COin 
duit for controlling the operation of the pump, 
said means comprising a plurality of electric cir 
cuits each including a pressure actuated Switch 
and a switch actuated in response to the rate of 
flow of the fluid, 

3. A pumping system comprising a pump in 
cluding an inlet and an outlet, means for deliver 
ing fluid to the pump inlet, a discharge conduit 
connected to the pump outlet, and at least a pair 
of electric circuits for controlling the Operation 
of the pump, one of said circuits including a pres 
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sure responsive switch that is actuated to circuit . 
opening position upon a rise in fluid pressure in 
the conduit above a predetermined pressure and 
a switch that is actuated to circuit opening posi 75 

6 
tion in response to rates of fluid flow through the 
conduit outside a predetermined range, the other 
of said circuits including a pressure responsive 
switch that is actuated to circuit opening posi 
tion upon a rise in fluid pressure in the conduit 
above a second predetermined pressure and a 
switch that is actuated to circuit opening posi 
tion in response to rates of fluid flow through the 
conduit Outside a second predetermined range, 
said circuits being so arranged that, only one 
thereof may be closed at a time. 

4. A pumping System comprising a pump in 
cluding an inlet and an Outlet, means for deliver 
ing fluid to the pump inlet, a discharge conduit 
connected to the pump outlet, and at least a pair 
of electric circuits for automatically controlling 
the operation of the pump, one of said circuits 
including a serially connected pressure respon 
sive switch that is actuated to circuit opening 
position upon a rise in fluid pressure in the 
conduit above a predetermined pressure and a 
serially connected switch that is actuated to cir 
cuit opening position in response to rates of fluid 
flow through the conduit outside a predetermined. 
range, the other of said circuits including a se 
rially connected pressure responsive SWitch that 
is actuated to circuit opening position upon a 
rise in fluid pressure in the conduit above a sec 
ond predetermined pressure and a serially con 
nected switch that is actuated to circuit open 
ing position in response to rates of fluid flow 
through the conduit outside a second predeter 
mined range, said circuits being so arranged that 
only one thereof may be closed at a time. 

5. A pumping system comprising a pump in 
cluding an inlet and an outlet, means for deliv 
ering fluid to the pump inlet, a discharge con 
duit connected to the pump outlet, and at least 
a pair of electric circuits for automatically Con 
trolling the operation of the pump, One of Sald 
circuits including a serially connected pressure 
responsive switch that is actuated to circuit open 
ing position upon a rise in fluid pressure in the 
conduit above a predetermined pressure and a 
serially connected switch that is actuated to cir 
cuit opening position in response to rates of fluid 
flow through the conduit outside a predetermined 
range, the other of said circuits including a Se 
rially connected pressure responsive switch that 
is actuated to circuit opening position upon a 
rise in fluid pressure in the conduit above a Sec 
ond predetermined pressure and a serially con 
nected switch that is actuated to circuit opening 
position in response to rates of fluid flow through 
the conduit outside a second predetermined 
range, said circuits being so arranged that only 
one thereof may be closed at a time, depending 
on the rate of fluid flow through the conduit, 

6. A pumping System comprising a punp in 
cluding an inlet and an outlet, means for deliv 
ering fluid to the pump inlet, a discharge conduit 
connected to the pump outlet, and at least a pair 
of electric circuits for automatically controlling . 
the operation of the pump, one of said circuits 
including a serially connected pressure respOn 
sive switch that is maintained in circuit closing 
position So long as the fluid preSSure in the con 
duit is within a predetermined range and that 
is actuated to and maintained in circuit opening 
position in response to fluid pressure in the con 
duit outside said range and a serially connected 
switch that is actuated to circuit opening posi 
tion in response to rates of fluid flow through 
the conduit Outside a predetermined range, the 
other of said circuits including a serially con 
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nected pressure responsive switch that is actuated 
to circuit opening position upon a rise in fluid 
pressure in the conduit above a second predeter 
mined pressure and a serially connected switch 
that is actuated to circuit opening position in re 
sponse to rates of fluid flow through the conduit 
outside a second predetermined range, said cir 
cuits being so arranged that only one thereof may 
be closed at a time depending on the rate of fluid 
fow through the conduit. • " . 

7. A pumping System comprising a pump in 
cluding an inlet and an outlet, means for deliver 
ing fluid to the pump inlet, a discharge conduit 
coinected to the pump outlet, and a plurality 
of electric circuits for automatically controlling 
the operation of the pump, a switch serially con 
nected in each of said circuits, each of said 
switches being actuated to circuit opening posi 
tion in response to a rise in fluid pressure in the 
conduit above a coresponding predetermined 
preSSure, Serially connected Switch means com 
mon to all of said circuits, and means responsive 
to variations in the rate of fluid flow through the 
conduit for actuating said switch means to selec 
tively place the same in circuit closing position 
in one of Said circuits at a time. 8. A pumping system comprising a pump in 
cluding an inlet and an outlet, means for deliver 
ing fluid to the pump inlet, a discharge conduit 
connected to the pump outlet, a plurality of elec 
tric circuits for automatically controlling the 
operation of the pump, one of said circuits in 
cluiding a serially connected switch that is con 
structed and arranged to be maintained in cir 
cuit closing position so long as the fluid pressure 
in the conduit is within a predetermined range 
and to be actuated to circuit opening position in 
response to fluid pressure in the conduit outside 
said range, another of said circuits including a 
serially connected Switch that is constructed and 
arranged to be maintained in circuit closing posi 
tion so long as the fluid pressure in the conduit 
is within a second predetermined range and to 
be actuated to circuit opening position in response 
to fluid pressure in the conduit outside said sec 
ond range and a serially connected switch that 
is maintained in circuit closing position in re 
sponse to rates of fluid flow through the conduit 
at least as great as a preselected rate and that 
is inaintained in circuit opening position in re 
sponse to rates of fluid flow through the conduit 
below said preselected rate. 

9. A pumping system comprising a pump in 
cluding an inlet and an outlet, means for deliv 
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8 
ering fluid to the pumpinlet, a discharge con 
duit connected to the pump outlet, means-respon 
sive to the static pressure of fluid in said con 
duit, means responsive to the differential pres 
sure of fluid flowing between certain points in 
said conduit, and means responsive to both said 
pressure responsive means for controlling the op 
eration of said pump. - 10. A pumping system comprising a pump in 
cluding an inlet and an outlet, means for deliv 
ering fluid to the pump inlet, a discharge conduit 
connected to the pump outlet, a plurality of cir 
cuit-controlling switches responsive to the-static 
pressure of fluid in said -conduit, one of said 
switches being adapted to be closed until said 
pressure exceeds a certain value, and the other 
of said Switches being adapted to be closed until 
Said pressure exceeds a higher value, means for 
controlling operation of said pump, connections 
between said Switches and said controlling-means, 
differential pressure means responsive to flow of 
fluid in Said conduit for cooperating with the last 
mentioned switch to maintain said pump in op 
eration when Said fluid flow exceeds - a, certain 
value - despite opening of the first mentioned 
Switch. 

li. A pumping System comprising ... a conduit 
and pumping means for discharging fluid into 
said conduit, a plurality of means responsive to 
the static pressure of fluid in said conduit, means 
connected to both said pressure-responsive means 
for controlling operation of said pumping means, 
one of said pressure responsive means being ar 
ranged to maintain said pumping means in ac 
tion until said static discharge pressure increases 
to a predetermined value, and differential pres 
Sure means responsive to the flow of fluid in said 
conduit for cooperating with the other pressure 
responsive means to maintain said pumping 
means in operation when said fluid flow exceeds 
a given rate despite increase in said static pres 
Sure, above, said predetermined value. 
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