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UNITED STATESv PATENT OFFICE 
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PLUG VAL\TE AND GAS AGITATING MEANS 
FOR STORAGE SUMPS 

Nelson L. Davis, Chicago, Ill. 

Application July 12', 1951, Serial No. 236,406 

(Cl. 222-495) 12 Claims. 

1 
My invention relates to improvements in plug 

valves for storage sumps wherein such heavy 
liquids as water with ?nely divided magnetite 
and the like may be stored. 

. One object of my invention is to provide for 
association with a float and sink heavy medium 
processor and storage sump a plug valve which 
may beyseated to cause the sump to retain the 
heavy medium and wherein the settling of the 
solids which increase the speci?c gravity of the 
medium may be prevented from interfering with 
the opening and closing of the plug valves. 
Other objects will appear from time to time 

throughout the speci?cation and claims. 
My invention is illustrated more or less dia 

grammatically in the accompanying drawings, 
wherein 
Figure 1 is a diagrammatic sectional view of 

a preferred form of the device; 
Figure 2 is a similar sectional view of a modi?ed 

form. 
Like parts are indicated by like characters 

throughout the speci?cation and drawings. 
I is a sump tank. In this case it is the type of 

medium storage sump tank that would be used 
with a sink and ?oat processor. It has a conical 
bottom 2, the walls of which are very sharply 
inclined so as to afford a minimum of support for 
settled solids. At the apex of the 'cone is an an 
nular valve seat 3' which communicates with a 

5 is a supply pipe through 
which ?uid reaches the sump. 6 is a streamlined 
smooth surfaced, generally parabolic plug valve 
adapted to penetrate the throat of the pipe and 
seat on the seat 3. The lower portion of the 
valve extending above and below the seat is as 
indicated at l of rubber or rubber-like material 
which can engage and hug the valve seat 3. The 
upper portion of the plug 6 is as indicated at 8 
of metal adapted to contain a plurality of air 
discharge apertures 9 spaced around the pe 
riphery thereof immediately above the seat 3 
and in close relationship to the constricted lower 
portion of the wall 2. A conduit 10 in the body 
8 is in communication with the apertures 9. H 
is a hollow valve stem carrying the plug valve 
6 in register with the conduit l0 and extending 
upwardly above the level of the liquid in the sump 
tank. 

I2 is a cylinder mounted on a supporting I 
framework I3 on the sump tank I. In this cylin-, 
der is mounted for reciprocation a piston M. The 
piston I4 carries the‘ rod 1 l and is apertured at 
[5 so that there is through the piston and through 
the rod II and the ducts In a clear and unob~ 
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2 
structed passage from the interior of the cylinder 
l2 above the piston l4 down to the apertures 9 
and through them to the interior of the tank. 
The cylinder I2 is closed at its lower end by a 
cylinder head l6 and box ll. It is closed at its 
upper end by a cylinder head It). The two cylin 
der heads having stop members H! as indicated 
to limit the movement of the piston and leave 
clearance at both ends between the heads and 
the piston. 

29 is a two-way valve, a duct 2| leads from the 
lower end of the cylinder and duct 22 from the 
upper end of the cylinder to the valve 20. An 
air supply duct 23 leads from any suitable source 
'of air supply to the valve 20. The valve 20 in- 
cludes a member 24 having two control passages 
25 and 26. In the position as indicated, air un 
der pressure from the source of supply passes 
through the duct 23, passage 25, the duct 22 to 
the upper end of the cylinder. Assuming that 
the piston is in the down position as indicated, 
the air ?lls the cylinder and air under pressure 
is forced downwardly through the valve stem 
l l, the duct Ill and the ports 9 into the restricted 
area immediately surrounding the plug valve and 
between it and the sharply inclined walls of the 
conical bottom of the sump. This air pressure 
escaping through the ports 9 into this narrow 
space violently agitates the contents of that 
space. Assuming that the apparatus has been 
out of operation for a while, the contents of 
that space will include a small amount by Weight 
of water with a relatively large amount by weight 
of magnetite or other heavy material which is 
settled out of the ‘medium in the tank and which 
would, unless agitated and removed, make it 
di?icult,if not impossible to raise the plug valve. 

‘ When the operator has turned on this air pres 
sure and caused the air to bubble up through 
this narrow restricted zone, agitating the water 
to a sufficient time, he then rotates the operating 
valve member 24 through an angle of ninety de 
grees. This causes air under pressure from the 
pipe 23 to pass through the duct 26, pipe 2| to 
the underside of the piston and raise the piston 
causing the valve stem to move upwardly to 
unseat the streamlined plug valve and permit 
the flow of medium downwardly through the con 
duit 4. If it should happen that when the op 
erator makes this change in operating valve posi 
tion the valve will remain seated, he would imme 
diately know that he had not aerated the bottom 
of the tank‘ long enough and he would return 
the parts to the position shown in the drawing 
but as soon as this heavy medium has been 
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brought into suspension, it will be possible for 
the air pressure to raise the piston, and unseat 
the valve. Under these circumstances, of course, 
there is no occasion for air being bubbled into 
the bottom of the tank. Once the medium is su?i 
ciently ?uid to release its hold on the plug valve, 
any further air supplied to the plug valve at 
the discharge throat would be wasted or en 
trained with the downward ?ow-of medium and 
might interfere with the pump action or the 
control and operation of the sink and ?oat sys 
tem. Thus the highly desirable function of pre 
venting air bubbling during and after the plug 
valve is opened, is automatically achieved. * Of 
course, as soon as the piston I4 has reached the 
upper end of its excursion, it stops'and the op 
erator may leave the valve in the ‘position vit was 
as the plug valve went up to allow the air pres 
sure to hold the piston up or he can‘ rotate the 
valve to a neutral position and so lock the air 
pressure in the cylinder. 
When it is desired to close the plug valve the 

operator returns the valve to the position shown 
in the drawing. Air under pressure then enters 
the upper part of the cylinder and moves the 
piston downwardly. Any bubblingr of air through 
the ports 9 at this time will tend-to agitate fur 
ther the ?uid as the" valve approachesv its seat 
and so minimize resistance to seating of the plug 
valve. 

In the modified form shown vin Figure 2, the 
plug valve 30 is substituted for the plug valve 6, 
the difference being that the plug valve as has 
no air chamber or air discharge apertures. The 
solid valve stem 3| is substituted for the hollow 
valve stem H. The pipe 32‘ communicates with 
the pipe 22 and leads to a‘manifold 33 adjacent 
the bottom of the vessel, there being ports 34 
through the wall of the vessel from the manifold 
whereby when the plug valve‘ 24~is manipulated, to 
admit pressure to the cylinder- I2 above the 
piston, air is simultaneously forced vinto the bot 
tom of the tank immediately above the valve 
seat and immediately surrounding the valve so 
that the effect of the air in clearing the valve .' 
is the same, even though‘ the air does not enter 
the vessel through the valve itself. Other'suit 
able means, of course, might be provided to con 
trol the air supplied to’ the‘ bottom of the valve 
but the form indicated is preferable because it 
insures that the relationship between the bub 
bling of air into the vessel and the valve is the 
same in the case of the device of Figure-1 and 
Figure 2. 
While it is preferable to have a conical vessel, 

nevertheless, it will be obvious that a vessel with 
a curved bottom or shaped bottom may be used 
so long as the port 3 is at the bottom of the vessel. 
The use and operation of my invention are as 

follows: 
The medium sump disclosed in my co-pending 

application Serial No. 186,604 Apparatus and 
Method of Sink and Float Mineral’ Separation, 
?led September 5, 1950 shows ‘diagrammatically 
the use of the medium sump and plug valvev to k » 
which my present invention is directed. 
As long as the processor is in operation, a‘ con 

tinuous stream of water with ?nely divided mag 
netic material such as magnetite pours into the 
storage sump and immediately runs out through 
the valve seat and pipe for recirculation. There 
is only a very small amount of liquid in the sump 
and it is moving rapidly therethrough at all times 
while the device is in operation, ?owing around 
the streamlined plug valve. Hence the necessity 
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4 
of having a smoothly streamlined plug valve be 
cause the valve must remain in the path of the 
current of liquid and it must interfere to the 
minimum possible amount with the ?ow and set 
up a minimum of eddy currents which would tend 
to interfere with the even distribution of the 
heavy media in the liquid medium. 
When it is desired to close down the plant, the 

"operator manipulates ‘the air ‘valve to cause the 
plug valve to move downwardly in the direction 
of the ?ow of the medium toward its seat. As 
soon as seating has taken place, ?ow of medium 
stops, medium drains out of the processor and 
' recirculation system and ?lls the medium storage 
sump. This medium being of very high speci?c 
gravity even though very ?nely divided very soon 
settles down in the bottom of the tank and buries 
the plug valve in a rigid mass of media so solid 
that no ordinary mechanism could possibly pull 
the plug valve up against it or through it to open 
the port. ‘This of course is a very much ‘heavier 
solid mass than is ordinarily ‘found ‘in any usual 
factory or industrial operation. Many times as 
heavy as the slimes or pulp which are likely to be 
found in water'in storage vessels. 
When it is desired to start up the plant again, 

the medium must be ?rst agitated for two rea 
sons: First, so that the plug valve may be with 
drawn to unseat the port; and second, so that 
slugs of undistributed media will not pass down 
into the recirculation pump and cause damage 
there. So the operator as his ?rst step to putting 
the device back into operation admits air to‘ the 
cylinder so that‘ it.‘ passes down through the 
piston and connecting rod to aerate, agitate‘ and 
distribute the solidi?ed'or settled mass of media 
in the bottom of the sump. Only when this mass 
of‘media has been so agitated by the air rushing 
out through the narrow space between the valve 
‘and the conical walls of the sump as to permit 
withdrawal of the plug is it safe to allow' the 
medium to escape and travel down the pipe to 
the pump. >Thus by 'my arrangement the ‘oper 
ator is unable to cause the plug‘ to move upwardly 
by air until adequate aeration of the contents'of 
the storage sump or tank has taken place and the 
fact that if he turns on the air between the piston 
prematurely he‘ is still unable to ‘lift the. plug 
valve, provides an adequate safeguard against 
admitting too concentrated a mass of’ media to 
the pump. 
Since‘ the discharge from the‘ vessel of settled 

material of too great a density can clog or per 
haps disable the pump, it is of the utmost impor 
tance that the valve be not opened until the solids 
contained in the ‘liquid in the vessel are so mixed 
with the liquid that they will pass throug‘hthe 
pump and ‘piping system without damage. This 
is‘ insured by so relating the size of the piston 
‘with the available air pressure that the air pres 
‘sure cannot cause upward piston movement ‘until 
the solids in the vessel have been su?iciently‘a'gi 
tated to insure that the‘ liquid will pass through 
the‘ pump. Some ‘settlement of the solids, of 
course, would ‘not be fatal. Perhaps the plant 
might‘be shut down. for ‘an hour or so and still 
settlement of solidswould do no harm but once 
the‘solids havei‘be‘en ‘settled down around the 
valve to a point where they are su?i‘ciently- con 
densed and concentrated to be dangerous to the 
pump,“ the valve cannot be ‘opened. 
Thus the operator’cannot- make the two vmost 

serious possible‘mistakes‘because as the‘ valve 
closes,‘ air‘v is- bubbling‘ through the‘valve to'agi 
tate - the ‘liquid ‘around’ the‘ valve‘ seat, the v‘valve 
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and valve seat are washed clear of any solids 
which if they settled between the valve and valve 
seat might cause leakage and until the'operator 
has put on the air long enough to su?lciently 
agitate the liquid, he cannot open the valve. 

Iclaim: - ‘ 

1. In combination, a liquid tight vessel, a dis 
charge port in the bottom thereof, a valve seat 
encircling the port, a valve located within the 
vessel above and movable toward and from the 
seat, a cylinder, a piston mounted for reciproca 
tion therein and a driving connection between 
the piston and the valve whereby movement of 
the "piston may open and close the valve, a ?uid 
connection between the interior of the valve and 
the cylinder above the piston, a ?uid discharge 
port in the valve above the valve seat when the 
valve is seated and means for controlling motive 
?uid to the lower side of the piston to raise the 
valve and to the upper side to both seat the valve 
and force ?uid upwardly through it and into and 
through the vessel and the material therein 
contained. ' 

2. In combination, a liquid tight vessel having 
a conical bottom, a discharge port adjacent the 
apex of and concentric with the conical bottom, 
a valve seat encircling the port, a valve, located 
within the vessel aboveand movable toward and 
from the seat, a cylinder, a piston mounted for 
reciprocation therein and a driving connection 
between the piston and the valve whereby move 
ment of the piston may open and close the valve, 
a ?uid connection between the interior of ‘the 
valve and the cylinder above the piston, a ?uid 
discharge port in the valve above the valve seat, 
adjacent the apex of the cone, when the valve is 
seated and means for controlling ?ow of motive 
?uid to the lower side of the piston to raise the 
valve and to the upper side of the piston to .both 
seat the valve and force ?uid through it upwardly 
into the vessel, above the valve seat and through 
the material therein contained. 

,3. In combination, a liquid tight vessel, a dis 
charge port in the bottom thereof, a valve seat 
encircling the ‘port, a valve.located within the 
vessel above and movable toward and from the 
seat, a cylinder, a piston mounted for reciproca 
tion therein and a driving connection between the 
piston and the valve whereby movement of the 
piston may open and close the valve, a ?uid con 
nection between the cylinder above the piston and 
the vessel adjacent the valve seat, the connection 
including a conduit open at one end to the cyl 
inder and at the other end terminating in a port 
open to the vessel immediately adjacent but above 
the valve‘ seat and means for controlling ?ow of 
motive fluid to the lower side of the piston to raise 
the valve and to the upper side of the valve to 
both seat the valve and force motive ?uid into the 
vessel above the seat. 

4. In combination, a liquid tight vessel having 
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a conical bottom, a discharge port adjacent the ~ 
apex of and concentric with the conical bottom, 
a valve seat encircling the port, a valve located 
Within the vessel above and movable toward and 
from the seat, a cylinder, a pistonmounted for 
reciprocation therein and a driving connection 
between the piston and the valve whereby move 
ment of the piston may open and close the valve, 
a ?uid connection between the cylinder above the 
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piston and the vessel adjacent the valve seat, the ' 
connection including a conduit open at one end 
to the cylinder and at the other end terminating 
in a ‘port open to the vessel immediately adjacent 
but above the valve seat and means for control 75 

6 
ling ?ow of motive ?uid to the lower side of the 
piston to raise the valve and to the upper side 
of the valve to both seat the valve and force mo- ‘ 
tive ?uid into the vessel above the seat. 

5. In combination, a liquid tight vessel, a dis 
charge port in the bottom thereof, a valve seat 
encircling the port, a valve located within the 
vessel above and movable toward and from the 
seat, a cylinder, a piston mounted for reciproca 
tion therein and a driving connection between the 
piston and the valve whereby movement of the 
piston may open and close the valve, a ?uid con 
nection between the interior of the valve and the 
cylinder above the piston, a ?uid discharge port 
in the valve above the valve seat when the valve 
is seated and means for controlling motive ?uid 
to the lower side of the piston to raise the valve 
and to the upper side to both ‘seat the valve and 
force fluid through it into the vessel above the 
seat, the cylinder being above the liquid in the 
vessel, the ?uid connection between the valve and 
the Icylinder comprising a conduit through the 
driving connection between the piston and the 
valve. - 

6. In combination, a liquid tight vessel having 
a conical bottom, a discharge port adjacent the 
apex of and concentric with the conical bottom. 
a valve seat encircling the port, a valve located 
within the vessel above and movable toward and 
from the seat, a cylinder, a piston mounted for 
reciprocation therein and a driving connection 
between the ‘piston and the valve whereby move 
ment of the piston may open and close the valve, 
a ?uid connection between the interior of the 
valve and the cylinder above the piston, a ?uid 
discharge port in the valve above the valve seat 
adjacent the apex of the cone, when the valve is 
seated and means for controlling ?ow of motive 
?uid to the lower side of the piston to raise the 
valve and to the upper side of the piston to both 
seat the valve and force ?uid through it into the 
vessel above the seat, the cylinder being above 
the liquid in the vessel, the ?uid connection be 
tween the valve and the cylinder comprising a 
conduit through'the driving connection'between 
the piston and the valve. 

7. In a medium storage sump for sink and ?oat 
processors and the like includinga conical tank, 
the bottom wall of which is sharply inclined down 
wardly, a valve seat concentric with and located 
at the lower boundary of the downwardly coni- , 
cally inclined walls, a conduit extending down 
wardly away from the valve seat, an elliptical 
generally smooth surfaced plug valve contained 
within the tank adapted to be moved downward 
ly therein to seat upon the valve seat, a hollow 
valve stem extending upwardly from the plug 
valve to a point above the liquid level, the plug 
valve being ported adjacent but immediately above 
the valveseat, an air passage in the valve be 
tween the port and the hollow valve stem, a pis 
ton on the upper end of the valve stem, a cylinder 
in which the piston is free to reciprocate, a source 
of air under pressure, a control valve therefor, 
ducts leading from the control valve to the top 
and bottom of the cylinder, an air passage through 
the piston communicating with the hollow valve 
stem whereby when pressure is applied to the 
upper end of the cylinder, air is forced down 
wardly through the piston, hollow stem and plug 
valve to bubble upwardly through the restricted 
area between the plug valve and the bottom of 
the sump tank. 

8. In a medium storage sump for sink and 
?oat processors and the like including a conical 
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tank.;.the,-b0tt0n1 Wall Oi rwhichiistasharply inc-. 
clinedivdownwardly, a valvegseat'concentricwith 
andnlocated at the lower boundary ,ofthedowny 
Wardly conically inclined-walls, a’ conduit iextende 
ing,downwardly aWay fromthe valve seat, an 
elliptical'generally smooth surfaced plug valve 
contained within the tank adapted to bemoved 
downwardly therein to seat upon the-valve seat, 
a hollow, valve stem extending upwardly from; 
theplug valve to a-point- above the liquid level, 
the plug;valvelbeing ported adjacent but im 
mediately above the valve seat, an air passage 
in- the valve between the port and the hollow 
valve stem, a piston on the upper end of the valve 
stem, a cylinder in which the piston is free to 
reciprocate, a source of air under pressure, a 
control valve therefor, ducts leading from the 
control valve to thetop and bottom of the cyl 
inder, an air passage through the piston com 
municating with the hollow valve stem whereby 
when pressure is applied to the upper end of the’ 
cylinder, air is forced downwardly throughthe 
piston,_hollow stem and plug valve to bubble up-,v 
wardly through the restricted area between-,the 
plugvalve and the bottom of the sump tank, the 
controlvalve being adapted in one position to 
permit air under pressure to enter the cylinder 
above the piston to seat the ‘valve and simul 
taneously' force air to the bottom of the sump 
tank and in the other-position distribute air; be 
neath the piston to raise it and the valve to un 
seat the valve without admission of air to the 
sump tank. . I 

9. In combination, a liquid tight vessel, a dis 
charge port in the bottom thereof, a valve seat 
encircling the port, a streamlined valve, circular 
in transverse cross section and ogival at both 
top and bottom in longitudinal cross section, hav 
ing a compressible tip adapted to penetrate, ex 
tend partially through and seat upon the seat, 
a hollow stem extending upwardly through the 
vessel from the valve, air discharge ports in the 
body of the valve above the valve seat the hol 
low stem and the air discharge ports being in 
communication with one another through the 
valve, a cylinder, a piston mounted for recipro 
cation in the cylinder, the valve stem serving, as 
a piston rod for the piston and extending through 
the piston whereby when air pressure is applied 
to the upper face of the piston the piston is biased - 
downwardly and air also passes downwardly 
through the valve stem for discharge into the 
vessel through the valve, means including-a man 
ually adjustable valve for selectively controlling 
theflow of air to the upper andlower side of 
the piston. 

10. In combination, a liquid tight vessel, a dis 
charge port in the bottom thereof, a valve seat 
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encircling? the, port, a streamlined valve, ‘circular; 
in; transverse cross section, and ogivalat both; 
top and bottom in longitudinal cross section, hav 
ing acompressible tip adapted to penetrate, ex 

‘ tend partially through and seat upon the seat, 
a hollow stem extending upwardly through-the 
vessel from the valve, air discharge ports in the 
body of the valve above the valve seat the hol 
low stem and the air discharge ports beinglin 
communication with one another through the 
valve, a cylinder, a piston mounted for recipro 
cation in the cylinder, the valve stem serving as 
a piston rod for the piston and extending through 
the piston whereby when air pressure is appliedv 
to the upper face of the piston the piston is biased, 
downwardly and air also passes downwardly; 
through the valve stem for discharge into the 
vessel through the valve, means including a man 
ually adjustable valve for selectively controlling 
the flow of air to the upper and lower side of the 
piston, the piston and cylinder limiting the valve 
travel whereby when the valve is raised above, 
the valve seat it remains in alignment therewith 
and within the body of the vessel. 

11. In combination, a liquid tight vessel, a dis 
charge port in the bottom thereof, a'valve seat 
encircling the port, a valve adapted to penetratev 
from above and seat upon the valve seat, a valve . 
stem-extending upwardly therefrom, a cylinder, 
a piston on the upper end of the valve stem, a. 
port in the bottom of the vessel above the seat, 
means for supplying air simultaneously to the‘ 
cylinder above the piston and to the port above 
the valve seat. 

12. In combination, a liquid tight vessel, a dis 
charge port in the bottom thereof, a valve seat 
encircling the port, a valve adapted to penetrate 
from above and seat upon the valve seat, a valve 
stem extending upwardly therefrom, a cylinder, 
apiston on the upper end of the valve stem, a 
port in the bottom of the vessel above the seat, 
means for supplying air simultaneously to the 
cylinder above the piston and to the port above 
the valve seat, said means being adapted to sup 
ply air only to the underside of the piston when 
air- is shut off from the upper side of the piston 
and the port. 
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