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‘pumping means. 
.arrangement of this type in which the feed rate vfrom the 

j the .use of mechanical regulating means. 
.pose is‘to‘utilizelhydraulic means‘for regulating the out 
put of a centrifugal pumping means to obtain uniform 
.‘OUIPUL. A speci?c object‘is to utilize pressure conditions 

"tion .of‘ sedimentation ‘ and ‘?ltration. 
‘to‘utilize "a supply tank containing a volume or liquid 
"many 'times theamount required at the point of‘ use, 
"arranged‘to combine the advantages of greater uniformity 

‘ iof'temperature and othercharacteristics in the ‘liquid 
supply with‘improvements in the removal of solid par 
"ticles‘which are ‘made possible by such-an arrangement. 
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This invention relates to recirculatory liquid supply 
systems. lntsuch systems it is generally desirable to main 
tain a uniform‘ rate of liquid feed‘to the point of use, and 
to ‘balance the feed and return flows to keep the system 
'in equilibrium. .It is also usually necessary to subject the 
returned ‘liquid to treatment of some kind, such as the 
removal of impurities. A supply tank may be associated 
withthe system. 

In systems of this kind the provision of uniform liquid 
'feed to the point of use presents problems. It may be 
accomplished'by employing apositive displacement pump; 
‘but changes in feed rate then require changes in pump‘ 
speed, which is sometimes open to serious objections. 
‘Moreover, automatic flow-control, such as is required to 
maintain a uniform level in a- container, feed by the pump, 
requires special apparatus, usually rather. complicated. 
‘Centrifugalpumps, on the other hand, produce?ows that 
vary with variations‘in output pressure, input pressure and 
applied power, so that they are not generally adapted for 
‘producing uniform ?ow under varying conditions of use. 
An object of‘the invention .is to provide a novel liquid 

recirculation system, including-uniform liquid feed to and 
return fromv a point of-use, which employs centrifugal 

Another, object is to provide ‘a novel 

centrifugal‘ pumping means is automatically regulated Iin 
‘accordance with. requirements at the point of use. 
A related object ‘is to maintain automatically in a 

novel'manner a uniform liquid level‘in. a container through 
.Which‘liquid is circulated ‘by centrifugahpumping means; 
and a speci?c object is to accomplish this result without 

A furtherpur 

in a‘liquid supply container'totprovide such regulation. 
JAnothen-purpose is to provide in a system of this type 

novelmeans 'foradjusting such‘liquid level, and‘in par 
‘ticular, adjusting means that does not ‘involve the use 
of “mechanism. 
The invention is illustratedin its application to a recir 

.culation system in which thereturn ‘liquid is ‘treated to 
remove-‘solid: particles before return to the point of use. 
‘An object of the inventionis to provide a novel arrange 
ment‘for‘this purpose, employing an e?icient combina 

A related object is 

The foregoing and other objects and advantages of the 
‘invention "will appear ‘ more ifully ‘from consideration of 
“the'detailed descriptionwvhic‘h‘follows, in conjunction with 
theaccompanying ‘drawing wherein one embodiment of 
‘the invention ‘is'illustrated, ‘~‘It is‘tojbe expressly under 
;stood,ihoweverythat'the drawing is "for the purposes of 
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illustration and description, and is not to be construed 
as de?ning the limits of the invention. 
The drawing is a schematic diagram .of an embodiment 

of the invention, with liquid containers shown in vertical 
central section. v 
The functioning of an arrangement embodying the in 

vention is based on the fact that the output of a centrifu 
gal liquid pump varies with the back pressure at the dis 
charge and the suction head at the inlet. The volume of 
pump discharge will increase and decrease as the back 
pressure increases and decreases, while such volume will 
likewise go up and down as the suction head at the pump 
inlet goes down and up. This fact is utilized in accord 
ance with the invention by connecting the pump feed and 
tank return pipes with a tightly sealed supply‘ tank having 
an air space at the top, the pump discharge and tank 
return pipes advantageously operating under substantially 
equal head. 
When a system of this type is in equilibrium, the suc 

tion head and back pressure at the pump will be correct 
for supplying liquid at the proper rate to the point of 
use, and the rate at which ‘liquid ‘is withdrawn from the 
tank will exactly equal the rate at which it is returned. 
If for some reason the rate of liquid feed should increase, 
the‘ resulting withdrawal of liquid from the tank at a 
higher rate will lower the liquid level in the tank, causing 
increased vacuum in the .air space and suction head on 
the pump, and correspondingly reducing the rate of liquid 
discharge. Similarly, if the return flow should be greater 
than that at equilibrium, the liquid level in the supply 
tank will rise, reducing the volumeof the air and decreas 
ing the suction head at the pump, which will thereupon 
increase its output. This arrangement automatically 
maintains a uniform balanced rate of supply and return 
?ow, once equilibrium has been established. Moreover, 
it is independent of the elevation of the point of liquid 
use relative to the liquid level in the supply tank. 
An embodiment operating on this principle has ‘been 

illustrated. In this form of the invention liquid is sup 
plied to and withdrawn‘ from a point of use, illustrated 
diagrammatically as an open treatment tank it] filled with 
‘liquid ‘11 up to'a predetermined level 12, which is to be 
maintained. Treatment tank ‘10 is connected by a liquid 
circulation system to a supply tank 13, proportioned to 
contain a volume of liquid many times greater than the 
capacity of‘ tank 10, for instance at least ?ve times as 
great. The liquid supply pipe 14 to tank 10 is connected 
through solenoid valve 15 to the discharge outlet of 
centrifugal pump 16, whose inlet is connected through 
pump feed pipe 17 to the upper part of supply tank 13 
‘below the liquid level therein. The return pipe 19 from 
tank 10 extends through solenoid valve 20‘ to the lower 
part of supply tank 13. 
Tank 13 is arranged to provide in its lower part a 

sedimentation chamber 21, into which pipe 19 discharges, 
advantageously through a distributing head, such‘ as rose 
22, which will introduce the liquid with a. minimum of 
agitation. The dimensions of chamber 21 are selected 
when possible in‘accordance with the sedimentation rate 
of at least a major part of the solid particles to be re 
moved from the returning liquid, its cross-section being 
proportioned ‘with ‘reference to the rate of liquid dis 
charge from pipe 19 so that the rate of ‘upward ?ow in 
chamber 21 will be less than the sedimentation rate .of such 
solid particles. The height of the chamber will be suf? 
cient to provide a relatively quiescent condition in which 

The bottom 23 
of the supply tank 13 advantageously converges down— 
wardly to a restricted central solids discharge outlet 24, 
forming a sediment hopper connected to waste pipe 25, 
controlled by valve 26, through which accumulated solids 
may be withdrawn. The outlet from pipe 19, such as 



3 
rose 22, is advantageously located su?iciently above 
bottom 23 to avoid disturbance of the sediment collect 
ing therein, and preferably is located at least as high 
as the margin of the tapering bottom. 
A suitable ?lter is located in supply tank 13 above 

chamber 21, through which the liquid from said chamber 
passes upwardly into a supply chamber 27. In the form 
illustrated, the ?lter consists of a flat disc 28, ?tting 
against the walls of the tank 13 and formed of ?brous 
?ltering material 29 retained between sheets of wire mesh 
30 in a channel frame 31 removably supported by 
brackets 32 on the side wall 33 of tank 13. 
The supply chamber 27 is arranged and proportioned 

so that it will maintain a liquid level above the connection 
with pump feed pipe 17, with an air space 3/5 above the 
liquid. The top of supply chamber 27 is heremetically 
sealed, the form shown employing a removable cover 35 
threaded on the upper end of wall 33 and screwed down 
tightly against gasket 36 to provide an air-tight seal. A 
small cap 37 screwed onto a neck 38 extending around 
an opening in the cover is sealed by gasket 39. Since the 
rest of tank 13 is sealed, having tight connections with 
pipes 17 and‘19 (pipe 25 being closed by valve 26) the 
entire tank 13 constitutes a sealed supply container. A 
regulating pipe 40 mounted on cover 35, connected to 
air space 34 and closed by valve 41, is provided for 
reasons hereafter set forth. 
An arrangement is provided for controlling or regulat 

ing the rate of liquid supply to the point of use. In 
the form illustrated, this function is performed by a con 
trol valve 14A in feed pipe 14 which may be manually 
operated. ' 

Suitable devices and apparatus of known types for 
treating or adjusting the condition of the liquid in the 
supply tank 13 may be employed. These are exempli?ed 
by a thermostatically controlled heating system, the form 
illustrated including heating means in chamber 21, ex 
empli?ed by heating unit 4-2 mounted in the tank side 33 
and connected electrically through leads 43 to a thermo 
static control box 44 of standard type, actuated by a con 
nected thermostat 45 extending into the upper part of 

I the pump feed pipe 17 adjacent to its connection with 
supply chamber 27. The control boX 44, the drive motor 
46 of the centrifugal pump 16, and the solenoid valves 
15 and 2t‘; are all connected through switch 48 to a suitable 
source of electrical energy 43. 
The illustrated arrangement operates in the manner 

already set forth, and is shown as being used to maintain 
the level of liquid in a tank higher than the supply tank 
13, which may be located at any distance from the latter. 
It is particularly adapted for use in connection with clean 
ing operations in which solid particles of dirt are removed 
from articles in a tank such as tank 10, one type of 
operation of this kind utilizing an ultrasonic cleaner such 
as that described in Patent Application Serial No. 405,75 6, 
Gilbert G. Brown, ?led January 25, 1954, now Patent No. 
2,815,193. In this arrangement the supply pipe 14 and 
return pipe 19 are liquid circulation pipes connected to 
the ultrasonicallyoperated cleaning tank. 
The solids in the liquid withdrawn through pipe 19 

and distributed in sedimentation chamber 21 will settle 
to a great extent, and in particular all of the larger par 
ticles will be effectively removed by sedimentation during 
the slow upward ?ow of liquid in said chamber. The 
residue will be removed by ?lter disk 28, through which 
the liquid will flow upwardly into supply chamber 21 
and thence through pipe 17 back to pump 16. Filter disk 
28 will be selected in accordance with the type and quan 
tity of solids to be removed; and since the ?ltration is 
upward, solids accumulating on this lower face of the disk 
may tend to aggregate and fall to the bottom. There 
will be a minimum tendency of such solids to penetrate 
the disk against gravity, and such disk may of course be 
readily removed, cleaned and replaced. 
An arrangement is provided for conveniently raising 
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the level of the liquid. in the remote tank 10. After the 
system has reached equilibrium, at which the air in air 
space 34 will be below atmospheric pressure due to the 
pump suction, valve 41 may be opened for a brief period 
to allow more air to enter space 34; and while the pres-~ 
sure of the air in said space is being reduced by the 
pump suction to that at which equilibrium takes place, 
a greater amount of liquid will be supplied to tank 10 
than that which is withdrawn, since the suction head on 
pump 16 will be reduced during that period, resulting in 
a corresponding rise in the liquid level 12. A corre 
sponding lowering of the latter liquid level can of course 
be obtained by applying suction to pipe 41} when valve 
41 is open. 

Solenoid valves 15 and 2t} assure the maintenance of 
equilibrium pressure conditions in the system when the 
latter is not in operation. When motor control switch 
47 is open, the solenoid valves are released and close 
feed pipe 14 and return pipe 19, so that the necessary 
reduced pressure in air space 34 is maintianed, and as~ 
sures uniformity of liquid supply and withdrawal at the 
point of use when switch 47 is closed, motor 46' and pump 
16 start, and valves 15, 20 open. However, if maintenance 
of a uniform liquid level or volume at the point of use 
when the system is not in use is not important, valves 
15 and 20 may be dispensed with and the liquid allowed 
to drain back into the supply chamber 21 until the vac— 
uum is satis?ed. Upon resumption of operation the re 
sultant increased pump input pressure will produce an 
increased rate of liquid feed, so that the level will be 
restored as equilibrium conditions are again established. 

Although but one embodiment of the invention has 
‘been illustrated and described in detail, involving a cir— 
culation system connected to a treatment tank 10 above 
the level of supply tank 13 for maintaining a uniform 
liquid level in the former tank, it is expressly understood 
that the invention is not limited thereto. Various changes 
can be made in‘ the design and arrangement of the parts 
without departing from the spirit and scope of the in 
vention, as the same will now be understood by those 
skilled in the art. By way of illustration of such changes, 
tank 10 may be at any desired level, its location below 
the liquid level in supply tank 13 being indicated at‘10’. 
Moreover, it will be evident that as long as the type 'of 
use at the point to which pipes 14 and 19 are connected 
is such that the return ?ow will balance the supply under 
equilibrium conditions, the way in which the liquid is em 
ployed or handled at the point of use will not materially 
affect the functioning of the system. 7' 

It will be noted that systems incorporating the inven 
tion regulate the uniformity of circulating ?ow hydrauli 
cally Wihout requiring the use of'special apparatus or 
mechanisms. Moreover, this substantial simpli?cation is 
combined with the use of a supply tank large enough to 
contain such a large volume of liquid that the condition 
of the liquid can be regulated and made uniform between 
the time when it returns to the tank and the time when 
it is sent back through the pump‘. 

1. A liquid recirculation system, comprising a liquid 
supply container, an open liquid treatment container, 
means for recirculating liquid from the supply container 
to the treatment container and back to the supply con 
tainer, and means for automatically maintaining the liq 
uid level in the open treatment container comprising 
means including a centrifugal pump in the recirculation 
means for supplying liquid from the supply container to 
the treatment container and means for sealing the supply 
container except at the connections to said recirculation 
means. 

2. A liquid recirculation system, comprising a liquid 
supply container, a centrifugal pump, a pump feed pas 
sage connecting the pump intake with the container, a 
supply passage connecting the pump discharge tov a liq 
uid use zone, and a return passage connecting the use 
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zone to the supply‘conta‘iner, saidcontainer'being sealed 
‘ except‘at its connections with‘the‘ifeed ‘and return pas 
sages and having an‘ air spaceabove the liquid surface. 

3. A liquid recirculation system, ‘comprising a liquid 
supply container, a centrifugal pump, a pump feed pas 
sage connecting thepump intake with; the container, a 
supplyv passage connecting the pumpdischarge to .a liq~ 
uid use ‘zone, a return passage connecting the usezone 
to the lower part, of the container, the container ibeing 
sealed except at its connections to ;the feed and return 
passages and having an air space above the liquid sur 
‘face; and a ?lter in the supply container extending ‘hori 

. zontally across the container and docated between the 
connections to the return‘ passage and to the :feed pas- . 
sage. , 

4. A liquid recirculation system, comprising a ‘liquid 
supply container, a centrifugal-pump, a'pump feed-passage 
connecting ‘the pump, intake with the‘container, af'supply 
passage connecting the pump discharge to'a liquid use 
zone, a return’ passage connecting the use zone to the 
container, the container being sealed except at its con 
nections to the feed and return passages and having an, 
air space above the liquid surface, and means for vary 
ing the suction head on‘ said pump. 

5. A liquid recirculation system, comprising a liquid 
supply container, a centrifugal pump, a pump feed pas 
sage connecting the pump intake with the container, a 
supply passage connecting the pump discharge to a liquid 
use zone, a return passage connecting the use zone to 
the container, the container being sealed except at its 
connections to the feed and return passages and having an 
air space above‘ the liquid surface, and means for vary 
ing the suction‘ head on said pump, said varying means 
comprising a valved air passage at the top of the con 
tainer connected to said air space. 

6. A‘ liquid recirculation system, comprising a liquid 
supply container, a centrifugal pump, a pump feed pas 
sage connecting the pump intake with the container, a 
supply passage connecting the pump discharge to a liquid 
use zone, a valve in said supply passage, a return passage 
connecting the use zone to the container, a valve in said 
return passage, the container being sealed except at its 
connections to the feed and return passages and having an 
air space above the liquid surface, and means for open 
ing said valves when the pump is operating and closing 
said valves when the pump is not operating, said means 
including an electric pump drive motor, a motor operat 
ing circuit, and valve controlling solenoids located in 
said operating circuit. 

7. A liquid recirculation system, comprising a liquid 
supply container, a centrifugal pump, a pump feed pas 
sage connecting the pump intake with the container, an 
open liquid treatment container, and means for maintain 
ing the uniform liquid level in the treatment container, 
including a supply passage connecting the pump discharge 
to the treatment contain'er, and a return passage connect 
ing the treatment container to the supply container, the 
supply container being ‘sealed except at its connections 
to the feed and return passages and having an’ air space 
above the liquid surface. 

I 8. A liquid recirculation system, comprising a liquid 
supply container, a centrifugal pump, a pump feed pas 
sage connecting the pump intake with the container, an 
open liquid treatment container, means for maintaining 
a uniform liquid level in the treatment container, includ* 
ing a supply passage connecting the pump discharge to 
the treatment container, and a return passage connect 
ing the treatment container to the supply container, the 
supply container being sealedlexcept at its connections 
to the feed and return passages and having an air space 
above the liquid surface, and means for changing the 
amount of air in said air space and thereby adjusting 
the liquid level in the treatment container. 

9. A liquid recirculation system, comprising a liquid 
supply container, a centrifugal pump, a pump feed pas~ 
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sage connecting the ‘pump intake with the container, an 
open liquid treatment container, means for maintaining 
a uniform liquid level in the treatment container, ‘includ 
ing a supply passage ‘connecting the pump discharge to 
the treatment vcontainer, and ‘a return passage ‘connect 
ing the treatment container to the supply container, the 
supply container bein'g ‘sealed except at its connections 
to the feed and return passages and having an air space 
above the liquid surface, and means for changing the 
amount of air ‘in said air space ‘and thereby adjusting 
the liquid level in the treatment contain'er, said means 
including a pipe carried by the supply-container and con 
nected to the air ‘space, and a valve in said pipe. 

10. A liquid circulation system, comprising a liquid 
supply container, a continuously ‘operating supply pump, 
‘a pump [feed passage connecting the ‘upper ‘party-of the 
container with the pump ‘intake, a supply passage con 
necting the pump discharge ‘to a use zone ‘in which ‘solid 
‘particles are picked eup by the liquid‘, a return passage 
for said liquid connecting the use zone with the lower 
part of the container, said container forming a sedi 
mentation chamber ‘having a cross-section which main 
tains an upward ?ow of liquid from the return passage 
to the pump feed passage during pump operation at a 
rate less than the settling rate of a substantial propor— 
tion of said particles, and a sediment discharge outlet in 
the lower part of the sedimentation chamber. 

11. A liquid circulation system, comprising a liquid 
supply container, a continuously operating supply pump, 
a pump feed passage connecting the upper part of the 
contain'er with the pump intake, a supply passage con 
necting the pump discharge to a use zone in which solid 
particles are picked up by the liquid, a return passage 
for said liquid connecting the use zone with the lower 
part of the container, said container forming a sedimenta 
tion chamber having a cross-section‘ which maintains an 
upward flow of liquid from the return passage to the 
pump feed passage during pump operation at. a rate 
less than the settling rate of a substantial proportion of 
said particles, a sediment discharge outlet in the lower 
part of the sedimentation chamber, and a ?lter extend» 
ing across the supply container above the sedimentation 
chamber and below the pump feed passage. 

12. A liquid circulation system, comprising a liquid 
supply container, a continuously operating supply pump, a 
pump feed passage connecting the upper part of the con 
tainer with the pump intake, a supply passage connecting 
the pump discharge to a use zone in which solid particles 
are picked up by the liquid, a return passage for said 
liquid connecting the use zone with the lower part of 
the container, said container forming a sedimentation 
chamber having a cross-section‘ which maintains an up 
ward flow of liquid from the return passage to the pump 
feed passage during pump operation at a rate less than 
the settling rate of a substantial proportion of said par 
ticles, and having a sediment collecting zone at the bot 
tom of the sedimentation chamber, and a liquid dis 
tributor centrally located in said chamber above said col 
lectin'g zone and connected to the return passage. 

13. A liquid circulation system, comprising a liquid 
supply container, a centrifugal supply pump, a pump feed 
passage connecting the pump intake with the upper part 
of the container, a treatment container, a supply passage 
connecting the pump discharge with the treatment con‘ 
tainer, a solenoid valve in the supply passage, a return 
passage for liquid and solid particles connecting the treat 
ment container with the lower part of the supply con 
tainer, said lower part forming a sedimentation chamber 
having a cross-section which maintains an upward ?ow of 
liquid from the return passage at a rate less than the set 
tling rate of a substantial proporation of said particles, a 
solenoid valve in the return passage, a sediment collect 
ing zone in’ the bottom of the sedimentation chamber, a 
liquid distributor centrally located in said chamber above 
the sediment collecting zone and connected to the return 
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passage, a ?lter extending across the container above the 
sedimentation chamber and‘ below the feed passage, the 
container being sealed except at its connections to [the 
supply and return passages and having an air space above 
the liquid surface, a pump drive motor, and an operating 
circuit for said motor connected to said solenoid valves, 
arranged to close said valves when the motor and pump 

_ are not operating and to open said valves during operation. 
14. A liquid recirculation system, comprising a liquid 

supply container, a centrifugal pump, a pump feed pas 
sage connecting the pump intake with the container, a 
supply passage connecting the pump discharge to a liquid 
use zone, a valve in said supply passage, a return passage 
connecting the use zone to the container, a valve in said 
return passage, the container being sealed except at its 
connections to the feed and return passages and having 
an‘ air space above the liquid surface, and means for 
initiating operation of said pump and simultaneously 
opening said valves and for closing said valves and simul 

taneously terminating operation of said pumps and there 
, by maintaining pressure conditions in the supply container. 
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