
Oct. 4, 1966 F. E. BOONE ETA 3,276,384 
* AND PRIMING VALVE MEANS FOR SELF-PRIMING pumping syst 

Filed Aug. 31, 1964 2 Sheets-Sheet 

FIG 3 
FRANKLIN E. BOONE 

7 - 66 MERRL BERMAN 
J INVENTORS 

N- 64 s 65 

F. G. act, 

  



Oct. 4, 1966 F. E. BOONE ETAL 3,276,384 
CHECK AND PRIMING WALWE MEANS FOR SELF-PRIMING PUMPING SYSTEM 

Filed Aug. 31, 1964 2 Sheets-Sheet 2 

F. G. 4 

FRANKL N E B O ONE 
MERRL BERMAN 

BY fad N. ?éed. 
4, 

  



United States Patent Office 3,276,384 
Patented Oct. 4, 1966 

1. 
3,276,384 

CHECK AND PRIMENG VALVE MEANS FOR 
SELF-PRIMING PUMPING SYSTEM 

Franklin E. Boone, Arvada, and Merril Berman, Denver, 
Colo., assignors to Worthington Corporation, Harrison, 
N.J., a corporation of Delaware 

Filed Aug. 31, 1964, Ser. No. 393,281 
3 Claims. (C. 103-113) 

This invention presented relates to a self-priming pump 
system, and more particularly to the relief of air-bound 
wells and the restoration to prime of the pump in a pump 
ing system by recycling pumpage in exchange for en 
trapped air in the well. 

It is an object of the invention to provide a self-priming 
means in a pump system, which operates automatically 
to exchange simultaneously fluid which has passed through 
the pump, for air entrapped in the pump well. 

It is another object of the invention to avoid time lost 
in inoperativeness of the pump due to loss of prime 
condition. 

It is another object of the invention to avoid the neces 
sity for the intervention of an operator to reprime a 
pump. 

It is another object of the invention to provide a self 
priming means which need not be included as an integral 
part of the pump in the pumping system, but which may 
be separate therefrom, and is readily accessible for ad 
justment or repair. 

It is yet another object of the invention to provide a 
means in a self-priming pumping system which operates 
to affect the exchange of fluid pumpage passed through 
the pump, for gaseous accumulations entrapped in the 
pump well of the pumping system. 

It is yet another object of the invention to provide a 
means for a self-priming pumping system which operates 
in response to loss of pumpage, to restore the prime con 
dition, speedily, automatically and efficiently, thereby sub 
stantially eliminating all periods of inoperativeness. 
These objects and advantages as well as other objects 

and advantages may be attained by the use of the device 
shown by way of illustration in the drawings in which: 
FIGURE 1 is a side elevation with portions thereof in 

vertical section, of a pumping system having a vertically 
disposed pump in pumping operation in accordance with 
the present invention; 
FIGURE 2 is a section taken on 2-2 of FIGURE 1; 
FIGURE 3 shows the self-priming means for the pump 

ing system of FIGURE 1 arranged for self-priming opera 
tion; 
FIGURE 4 is a side elevation with portions thereof 

diagrammatically illustrated in vertical sections to show a 
pumping system in accordance with the present invention 
having a horizontally disposed pump. 
When a pump is applied to remove the contents of a 

tank employed for storage or transportation on land, on 
water, or in the air, the well in which the pump is operat 
ing to withdraw the fluid in the tank may receive air from 
a number of sources including the pump, and when suffi 
cient air is entrapped in the well to prevent the entry of 
fluid to be pumped out, the fluid may not rise to the inlet 
of the pump, and it is necessary to re-prime the pump. 
If there is no automatic alarm signal announcing the loss 
of pumpage, considerable delay may ensue until the con 
dition is noticed. The efficiency of the pumping opera 
tion therefore is low. Furthermore, the unavailability of 
an operator or an attendant to re-prime the pump may 
further contribute to the lack of efficiency of the pump 
ing system. The use of the present invention restores fluid 
to the well, and relieves the gas in the pump in exchange 
for fluid received from the outlet side of the pump. It is 
found that tandem valves operable in response to loss of 
pumpage in combination with a relief valve effective to 
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2 
discharge gas from the pump well into the outlet side of 
the pump, is effective to accomplish this object. In this 
manner, pumps are continuously and automatically re 
stored to prime immediately after the loss of pumpage, 
and the system operates in a highly efficient manner. 

Referring to the drawings, FIGURES 1, 2 and 3 show 
a pumping system in accordance with the present inven 
tion embodying a vertical turbine pump 60, which com 
prises a plurality of centrifugal impeller stages as at 61 
mounted on a vertical shaft 62 in turn connected to a 
motor generally designated 63 for driving the pump. 
The pump 60 has a suction inlet 64 which receives fluid 

from a suction or pump well 65 formed by an outer cas 
ing 66 which is entirely closed except at its point of con 
nection with the transfer conduit 67 in communication 
with the fluid to the pump by the pumping system. 

Fluid drawn into the inlet 64 of the pump from the suc 
tion or pump well 65 is pumped upwardly from one stage 
to the next through passages 68 in the respective stages 
and the fluid is discharged through the pump outlet 69 
and connecting conduit 70 to suitable connecting means 
for leading the fluid to a point of storage or use as may 
be required. 

It will be observed that the pump unit has a skirt 71 
at its lower end which extends into close proximity to the 
lower end of the section or pump well 65 so that the 
pump will not lose its prime until nearly all the fluid has 
been drawn from the well. 

This type pump and suction well is known for use in 
draining barges or reservoirs and one of the basic problems 
in the use of this and other types of pumps is that when 
entrapped air in large quantities is collected or delivered 
by the transfer line 67, the delivery of fluid is so reduced 
that the fluid in the suction or pump well 65 will be rapidly 
exhausted exposing the suction inlet 64 and the pump will 
lose "suction head'; that is, it will have insufficient suction 
to enable it to recommence pumping fluid until the suc 
tion inlet is once again submerged. 

In the present pumping system, an automatic self-prim 
ing means coacts with the pump and suction well to re 
store the flow of fluid to be pumped. 
This self-priming means as shown in FIGURES 1, 2 

and 3 include a housing 72 connected to the upper end of 
the outer casing 66, which forms a chamber 73 in com 
munication with the end of the connecting conduit 70 
remote from the discharge outlet 69 of the pump. 
The chamber 73 forms a reservoir for fluid being 

pumped and also acts as a transfer passage to an outlet 
port 74 in communication with the discharge conduit 75 
connected to the housing 72 about the outlet port 74, as 
is shown in FIGURES 1 and 3 of the drawings. . 
Flow through the outlet port 74 is controlled by an 

outlet port valve 77 as is more fully described hereinafter 
and the fluid delivered to the discharge conduit 75 will 
be conducted to a point of storage or use. 
Chamber 73 is further provided with return ports 78 

in substantial alignment with the outlet port 74. A re 
turn conduit 79 connected at one end of the housing 72 
about the return port 78 and at the other end to the upper 
end of the outer casing 66 about the return inlet 80 will 
function to return fluid from the chamber 73 when the 
return port valve, generally designated 81 is opened. 
The return port valve or second valve 81 includes a 

cylindrical valve housing and valve support 82 disposed 
in the housing 72 and connected about the return port 78. 
The valve housing and support 82 have a plurality of cir 
cumferentially disposed valve ports 83 which will permit 
fluid to flow from the chamber 73 in housing 72 to the re 
turn port 78 when the ports are open. The ports 83 are 
maintained open or closed by a valve head 84 which is dis 
posed to slide along the inner wall of the cylindrical valve 
housing and valve stem support 82. 
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As is clear from FIGURE 3, the valve head 84 has an 
annular portion 85 and this portion is connected to the 
connecting means 86 by spiders 87, so that when the 
valve head moves to the open or down position, fluid is 
free to flow from the chamber 73, through the ports 83, 
and valve head 84 to the return port 78. 
...The valve 84 is so arranged with respect to the return 
port 78, and outlet port 74, that it is in substantial align 
ment with these ports and with the first or outlet port 
valve 77, and this permits them to be connected in tandem 
by means of a common valve stem 88 which is connected 
at one end to the first valve 77 and at the end return 
therefrom to the member 86 of the second valve 81. The 
valve stem 88 is supportably mounted on the spaced valve 
stem supports 89,90. 
. . When the pumping system is not in operation, or when 
the pump in the system loses its "prime,' then by ac 
tion of gravity, the valves automatically take the position 
shown in FIGURE 3 of the drawings; that is, the first valve 
77 is closed and the second valve 81 is opened. 
When pump 60 delivers sufficient pumpage, then the 

pressure of the pumped fluid acts to force valve 77 open, 
and since they are on a common valve stem 88, the valve 
head 85 of the second valve 3 slides upwardly to close 
off the ports 83 therein. 
The present invention accomplishes its advantageous 

results because it provides means for displacing accumu 
lated air or gas from the suction well 65 by exchanging 
this air or gas with fluid from the reservoir or cham 
ber 73. 
This is accomplished by a gas relief conduit 9 con 

nected between the upper end of the outer casing 66 form 
ing the suction well 65 and the upper portion of the hous 
ing 72. A unidirectional pressure sensitive-check valve 
92 diagrammatically illustrated in the conduit 91 acts to 
permit gas to be displaced from the suction well 65 to 
the upper portion of the chamber 73. Further, it will 
be noted that the chamber 73 has sufficient volumetric ca 
pacity so that the fluid contained therein will be suffi 
cient to reprime the pump 60 when it displaces the gas 
from the suction well, as is more fully described herein 
after. 

OPERATION OF PUMPING SYSTEM WITH 
VERTICAL PUMP 

When the pump is not in operation, the first valve 77 
and second valve 81 will be in the position shown in 
FIGURE 3. 

Sufficient fluid is charged into the suction well 65 so 
that when the motor 63 is placed in operation, the pump 
60 will commence discharging fluid through discharge 
outlet 69, as above described, to the chamber 73 connected 
thereto by connecting conduit 70. 
As the fluid in the suction well draws down, it will 

reduce the pressure therein causing fluid from the tank or 
reservoir to flow through transfer conduit 67 and main 
tain the level of the fluid in the suction well so pumping 
will continue. 
The fluid in chamber 73 will be discharged when the 

pressure is great enough to open the first valve 77. This 
will automatically close the second valve 81 and hold it 
closed until the pressure of the pumped fluid fails. 

This latter condition will occur when a large quantity 
of air or gas accumulates or is delivered from the trans 
fer conduit 67. 

Such an accumulation of air or gas causes the pump to 
immediately draw down the remaining fluid in the suc 
tion Well 65 and the pump loses its suction head and the 
Well runs dry. As a result, the pressure of the pump fluid 
is not adequate to hold or force the first valve 77 to an 
open position and gravity pulls first valve 77 closed auto 
matically and simultaneously opening second valve 81. 
When valve 81 opens, the collected fluid in chamber 73 

flows back through the port 83, return port 78 and re 
turn conduit 79 through the return inlet 80 to the suction 
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well 65 where it displaces the gas in the suction well as 75 

4. 
it fills that well. It displaces the accumulated air and gases 
through the gas relief line 91, valve 92 which opens at a 
predetermined gas-pressure increase. 
The air and gas is vented into the upper portion of the 

chamber 73 in the space formerly occupied by the fluid 
therein and thus in substance the gas. in the suction well 
65 is exchanged for the fluid in the chamber 73. 
With Sufficient fluid being present, the pump will re 

prime itself automatically and once again will draw down 
the fluid in the suction well 65. This, as in start up, will 
reduce the pressure in the suction well and draw fluid 
from the storage vessel (not shown) through the transfer 
line 67. 
So long as the transfer line 67 continues to supply fluid 

pumping and automatic self-priming will alternate and 
continue until all the fluid is exhausted from the tank or storage vessel. 

ANOTHER FORM OF THE INVENTION 
FIGURE 4 shows a pumping system in accordance with 

the present invention employing a horizontal centrifugal 
type pump. There is a housing defining a chamber 11, 
which is connected to the pump outlet 12. The conduit 
13, shown in FIGURE 4, extends a distance into the 
chamber 11 sufficient so that the volumetric capacity of 
the chamber below the level of the top of the conduit 13, 
contains fluid enough to restore the pump to prime when 
it flows back to the suction inlet chamber 10. Thus, the 
top 14 of the conduit 13 is above the level of the floor 15 
of the chamber 11. A first conduit 16 is connected to 
the upper portion of the chamber 1. A first valve 17 is 
located between the first conduit 16 and the chamber 11. 
The first valve 17 is normally closed when pumpage is 
not maintained and opens in response to pumpage. The 
failure of pumpage, permits the first valve 17 to close. 
A second conduit 18 extends from the bottom of the 
chamber 11 to the Suction inlet chamber 10 and defines 
a return for pump fluid from the chamber 11. A second 
valve is located between the chamber 11 and the Second 
conduit 18. This second valve 20 is normally closed. 
It is operably connected by a rod 21, or other suitable 
means to the first valve 17. When the first valve 17 
closes by reason of failure of pumpage, the second valve 
20 is simultaneously and automatically opened by reason 
of the connecting rod 21. On the other hand, when the 
pressure of the pumpage causes the first valve 17 to open, 
in response to pumpage being urged into the conduit 16, 
the rising of the valve 17 causes the rod 21 to raise the 
Second valve 20 to close the second conduit 18. 
When Sufficient gaseous matter accumulates at the suc 

tion side of the pump (inlet chamber 10), so that there 
is a failure of pumpage, the mere return of fluid from the 
chamber 11 to the suction inlet chamber 10 must be ac 
companied by a relief of the air entrapped in the pump 
that is blocking the restoration of the priming fluid. To 
this end, a third conduit 23 connected between the upper 
portion of the chamber 11 and the pump 22, is provided. 
A third valve 24 is located in this conduit. The third 
valve 24 is normally closed when pumpage is passing 
through the chamber. This valve opens in response to 
gas pressure. The gaseous matter entrapped in the pump 
escapes into the chamber 11 from the pump 22, while the 
fluid in the chamber 1 is returning into suction inlet 
chamber 10 of the pump 22. The tandem Operation of the 
first and second valves in returning pumpage into the 
Suction inlet chamber 10 in cooperation with the gas 
relief valve 24, have effectively restored the pump to 
prime, automatically upon the failure of pumpage. The 
tandem valves 17 and 20 are Substantially coaxial and are 
Operated together by the connecting rod 21 in response to 
pumpage or gravity. 
The foregoing description in drawings is intended as 

illustrative over the embodiment of the invention; changes 
may be made in the construction, selection and arrange 
ment of the parts, all within the Scope of appended claims 
Without departing from the spirit of the invention. 
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What is claimed is: 
1. In a self-priming liquid pumping system: 
(a) a suction well connected to a source of fluid to be 
pumped 

(b) multi-stage pump means for pumping fluid from 
said suction well operatively supported in said suc 
tion well and disposed to form therewith an annular 
chamber about the pump adapted to receive the fluid 
to be pumped 

(c) a housing forming a chamber 
(d) at least one stage at the lower end of the pump 
means having its suction disposed to communicate 
with fluid to be pumped from the annular chamber 
and at least one stage of said pump means connected 
to the housing to discharge pumped fluid to the cham 
ber in said housing 

(e) the chamber in said housing having a discharge 
port for fluid delivered thereto in the upper portion 
and a return port in the lower portion thereof 

(f) a normally closed valve for the discharge port to 
be actuated to an open position by the discharge 
pressure of the fluid being pumped 

(g) a normally open valve for the return port, 
(h) means operatively connecting the discharge port 

valve and the return port valve whereby when the 
discharge port valve is actuated to an open position 
by the discharge pressure of the fluid being pumped 
the return port valve will be automatically closed 

(i) a return conduit connected between the housing 
and the suction well to permit fluid to flow from said 
return port to the annular chamber in the suction 
well when the return port valve is in open position 

(j) a gas relief conduit connected between the suction 
well and the housing to permit gases to pass from the 
annular chamber to the chamber in the housing, 
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(k) a normally closed valve means in said relief con 

duit operable to control the passage of gases from the 
annular chamber in the suction well to the chamber 
in the housing, 

(I) said relief conduit valve means to be actuated to 
an open position by the pressure of the gases in said 
annular space established by the action of priming 
fluid being returned to said annular chamber through 
the return conduit when the discharge pressure of 
the fluid being pumped is insufficient to maintain the 
discharge port valve in an open position. 

2. In the self-priming liquid pumping system as claimed 
in claim 1, wherein: 

(a) the discharge port and the return port for the 
chamber are in substantially coaxial alignment with 
each other, 

(b) and the means operably connecting the normally 
open valve and normally closed valve consists of me 
chanical linkage, 

3. in the self-priming liquid pumping system as claimed 
in claim a wherein: 

(a) the volumetric capacity of the housing chamber 
will hold sufficient fluid to prime said pump which 
fluid will be returned to the suction well when the 
return port valve is opened. 
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