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This invention relates to feeding devices for liquids such 
as chemical solutions used in the treatment of water, and 
has for its main object the provision of a device which is 
simple in construction and economical in manufacture, 
yet accurate, consistent and reliable in performance. An 
other object is the provision of a feeding device which 
maintains a high degree of accuracy and consistency even 
under varying operating conditions. Still another object 
is the provision of means for varying the rate of feeding 
to meet changing requirements. 
The manner in which these objects are achieved will 

become apparent from the following description and from 
the accompanying drawings, in which: 

FIG. 1 is a view, partly in section, of a feeding device 
in accordance with my invention; 

FIGS. 2 and 3 are views, similar to FIG. 1, of modi 
fied forms of my invention; and 

FIGS. 4 and 5 are views, on an enlarged scale, of the 
two faces of one of the intermediate plates of the feeding 
devices shown in FIGS. 1 to 3. 

Like reference characters refer to like parts throughout 
the several views. 

Referring now to FIG. 1, a feeding device in accordance 
with my invention comprises a diaphragm 10 made of 
soft and flexible material of the nature of natural or 
synthetic soft rubber. The type of material commercially 
available in sheet form with a fabric re-inforcement em 
bedded therein is particularly well adapted to use as dia 
phragm. On either side of the diaphragm () is an inter 
mediate plate 1 and 21, respectively. As shown more 
clearly in the enlarged views of FIGS. 4 and 5, the plate 
11 has a flat face 12 (juxtaposed to the diaphragm 0) 
provided with a cavity 13. The opposite face 14 is like 
wise flat and provided with an underdrain 15 comprising 
a plurality of concentric circular channels 16 and radial 
channels 17 interconnecting the circular channels 16, all 
being open into the face 14. Scattered over the entire 
surface of cavity 13 is a multiplicity of relatively Small 
ports 8 communicating with the underdrain 15. Be 
tween the various channels 16 and 17 are land areas 19 
in the plane of face 14. The plate 11 is preferably square, 
as shown, and has in each of its four corners a bolt hole 
20. 
The intermediate plates 11 and 21 are advantageously 

made of hard rubber or other sufficiently rigid and suit 
able plastic material, but they may also be made of metal. 
The plates 11 and 21 are alike in the interest of economy 
and convenience. Thus, plate 21 has a cavity 23 facing 
the diaphragm 10, an underdrain 25 on its opposite face, 
and a multiplicity of relatively small ports. 28 scattered 
over the entire surface of cavity 23 and communicating 
with the underdrain. 25. - 
An end plate 30 has a flat face juxtaposed to the face 
4 of intermediate plate 11, enclosing the underdrain 15. 
The end plate 30 has a passage 31 communicating with 
the top portion of underdrain 15, and another passage 
32 closed by a plug 33 and communicating with the bot 
tom portion of underdrain 15. Another end plate 35 has 
a fiat face juxtaposed to the face of intermediate plate 21 
having the underdrain 25 therein. The plate 35 has a 
passage 36therethrough communicating with the top por 
tion of underdrain 25, and another passage 37 closed by 
a plug 38 and communicating with the bottom portion of 
underdrain. 25. The end plates 30 and 35 are also alike 
for convenience and economy in manufacture. 
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The diaphragm 10, intermediate plates 11 and 21, and 

end plates 30 and 35 all have matching bolt holes, as 
indicated at 20 in FIGS. 4 and 5, and are held together 
by bolts (not shown). This assembly constitutes a dia 
phragm pump which is controlled by the similar solenoid 
valves 40 and 41. They are of the so-called three-way 
type, such as shown in U.S. Patent 2,614,584, dated 
October 21, 1952, each having a normally open connec 
tion NO, a normally closed connection NC and a common 
connection C. When the solenoid valves are de-energized 
there is communication between connections NO and C, 
and connection. NC is closed. When the solenoid valves 
are energized there is communication between connections 
NC and C, and connection NO is closed. The solenoid 
valves 40 and 41 are connected in parallel by wiring 42 
to a time switch 43 which in turn is connected by wires 44 
to a source of electric energy. The time switch 43 is 
thus adapted to control the operation of the two sole 
noid valves. 40 and 4, alternately energizing and de 
energizing both of them in unison. 
A tank 45 is provided to contain a supply, of chemical 

solution or other liquid to be fed. The tank 45 has an 
outlet pipe 46 leading to a strainer 47 provided to retain 
solid particles which might become lodged in the rela 
tively small passages of the solenoid valves and interfere 
with their proper functioning. As shown in FIG. 1 the 
solenoid valve 40 has its common connection C in com 
munication with passage 31 by a pipe 48, its normally 
open connection NO in communication with strainer 47 
by a pipe 49, and its normally closed connection. NC in 
communication by a pipe 59 with a point of disposal or 
use for the liquid fed from tank 45. The solenoid valve 
41 has its common connection C in communication with 
passage 36 by a pipe 51 and its normally closed connec 
tion. NC in communication with a pipe 52 leading to a 
suitable source of motivating fluid under pressure which 
may be a liquid, such as water, or a gas, as for instance, 
air. The normally open connection NO of the solenoid 
valve 41 leads through a pipe 53 to a point of disposal 
which may be a sewer or drain when the motivating fluid 
is water, or the atmosphere when the motivating fluid is 
a gas, or a point of use when it is desired to utilize the 
motivating fluid. 
FIG. 1 shows the feeding device with the diaphragm 10 

in the position in which it is at rest after the solenoid 
valves 40 and 41 have been energized. Motivating fluid 
has entered through pipe 52, connections NC and C of 
solenoid valve 4, pipe 51, passage 36, underdrain 25 and 
ports 28 into cavity 23 and pushed the diaphragm 12 
snugly against the surface of cavity 13, as shown. After 
an interval of time determined by the time switch 43 
both solenoid valves 40 and 41 are de-energized, estab 
lishing communication between connections NO and C, 
and closing the connections NC. Now liquid from tank 
45 flows via pipe 46, strainer 47, pipe 49, connections NO 
and C of solenoid valve 40, pipe 48, passage 3, under 
drain 15, and ports 18 into cavity 3. As cavity 13 fills 
with liquid from tank 45 the diaphragm 10 is pushed to 
the right until it rests snugly against the surface of cavity 
23 (the position shown in FIG. 2) while the motivating 
fluid previously occupying the space in cavity 23 to the 
right of diaphragm 10 is being forced via ports 28, under 
drain 25, passage 36, pipe 51, connections C and NO 
of solenoid valve 41 and pipe 53 to a point of disposal. 
After a further interval of time, again determined by the 
time Switch 43, both solenoid valves 40 and 41 are again 
energized, establishing communication between connec 
tions NC and C, and closing the connections NO. Now 
motivating fluid entering into pipe 52 flows via connec 
tions NC and C of solenoid valve 41, pipe 51, passage 
36, underdrain 25 and ports 28 into cavity 23. As cavity 
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23 fills with motivating fluid the diaphragm 0 is pushed 
to the left until it rests snugly against the surface of cavity 
E3 (the position shown in FIG. 1) while the liquid previ 
ously occupying the space in cavity 13 to the left of dia 
phragm 10 has been forced via ports 18, underdrain 5, 
passage 31, pipe 48, connections C and NC of Solenoid 
valve 40 and through pipe 50 to a point of use. 
The diaphragm 10 is initially flat, but since during use 

it is alternately forced against the surfaces of cavities 13 
and 23 it soon becomes permanently deformed by acquir 
ing a bulge in its central portion. Thereafter it offers 
little resistance to movement from one position to the 
other. Consequently, only a relatively small pressure 
differential is needed for operation of the feeding device. 
The land areas of the intermediate plates 1 and 21, as 
shown at 19 in FIG. 5, rest against the end plates 30 and 
35, respectively, and thus form supports which prevent 
any distortion of the cavities 13 and 23, respectively, 
which might otherwise occur, especially at high pressure 
differentials, and which would adversely affect the ac 
curacy and consistency of the feeding device. 
The distribution or scattering of the ports 18 and 28 

over the entire surfaces of cavities 13 and 23, respectively, 
as shown in FIG. 4, is most important. If only a single 
port were provided in each cavity, or even several ports 
near each other, the diaphragm would reach and close 
such ports before the cavities have been drained com 
pletely, thereby trapping variable quantities of liquid or 
fluid and causing inaccuracies and inconsistencies in the 
Voitime of liquid or fluid discharged during successive 
energizations. The communication of passage 31 with 
the top portion of underdrain 15 is also important because 
in this manner any air or gas which may have entered 
with the liquid being fed is immediately discharged with 
the outflowing liquid and thus cannot accumulate. The 
retention of any such gas or air, because of its substantial 
compressibility, would cause inaccuracies and inconsist 
encies in the rate of feed. The screw plugs 33 and 38 
are provided to permit periodic removal of sludge and 
other settled matter from the bottom portion of under 
drains 5 and 25, respectively. 
For Satisfactory functioning it is necessary that the 

pressure of the motivating fluid supplied to pipe 52 is 
higher than the pressure existing at the point of use with 
which pipe 50 is connected, and that the pressure or head 
of liquid Supplied to pipe 49 is higher than the point of 
disposal with which pipe 53 is connected. The latter 
condition is usually metal in a satisfactory manner if 
the minimum level of liquid in tank 45 is located at least 
one foot above the pipe 51 and above the point of dis 
posal with which pipe 53 is connected. 
A feeding device constructed and operated as described 

will discharge accurately through pipe 59 to the point of 
lise, on each energization of the solenoid valves 40 and 
41, a Volume of liquid which is equal to the sum of the 
Volumes of cavities 13 and 23. This discharge is main 
tained consistently even with relatively large variations in 
the pressure of motivating fluid supplied to pipe 52, and 
in the head of liquid in tank 45. The head of liquid in 
tank 45, of course, decreases gradually as liquid is being 
fed out, and increases abruptly when the tank is periodi 
cally refilled with liquid. Since the feeding device dis 
charges a fixed volume of liquid on each energization of 
the Solenoid valves 40 and 41 the quantity of liquid fed 
per unit of time may readily be changed or adjusted by 
changing the time interval between successive energiza 
tions, and this may be accomplished if the time switch 
43 is of a type, commercially available, in which the num 
ber of energizations per unit of time may be varied. The 
duration of each energization and de-energization may be 
as long as desired, provided it is sufficient to permit com 
plete emptying and filling of the cavities 13 and 23 for 
which a minimum time of about 10 to 15 seconds is ade 
quate under ordinary conditions. 
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It is to be noted that if the motivating fluid is a liquid 

then during each operating cycle consisting of one ener 
gization and on de-energization of the solenoid valves 48 
and 41 the volume of motivating fluid discharged through 
pipe 53 is equal to the volume of liquid originating from 
tank 45 and discharged through pipe 50. In view of this 
fact it is possible to employ a single feeding device when 
equal quantities of two different liquids are to be fed per 
unit of time, by providing for the Second liquid another 
tank, similar to tank 45, and connecting it to pipe 52 in 
lieu of some other source of motivating fluid. The two 
liquids being fed out through pipes 50 and 53 may be sent 
to different points of use or combined in a single point 
of use, as desired, but such point or points of use must be 
at an elevation lower than the levels of liquid in the two 
tanks. 
FIG. 2 shows a special arrangement in which a single 

liquid is being fed without requiring any other motivating 
fluid. In this modification the strainer 47 is connected by 
a pipe 55 with a T 56 which in turn is connected by a 
pipe 57 with the connection NO of solenoid valve 40, and 
by a pipe 58 with the connection NC of solenoid valve 4. 
The diaphragm 10 is shown in FIG. 2 in the position it 
occupies when both solenoid valves 40 and 4 are de 
energized. 

Operation of the device shown in FIG. 2 is as follows. 
On energization of the solenoid valves 40 and 41 liquid 
from tank 45 flows via pipe 46, strainer 47, pipe 55, T 55, 
pipe 58, connections NC and C of Solenoid valve 4, pipe 
51, underdrain 25 and ports 28 into cavity 23, pushing the 
diaphragm 10 to the left and forcing the liquid from cav 
ity 13 via ports 18, underdrain 15, pipe 48, connections 
C and NC of solenoid valve 40, and pipe 50 to a point of 
use. When the solenoid valves 40 and 4 are again de 
energized by the time switch 43, liquid from tank 45 flows 
via pipe 46, strainer 47, pipe 55, T 55, pipe 57, connec 
tions NO and C of solenoid valve 40, pipe 48, underdrain 
15 and ports 18 into cavity 13, pushing the diaphragm 10 
to the right and forcing the liquid from cavity 23 via ports 
28, underdrain 25, pipe 51, connections C and NO of sole 
noid valve 41, and pipe 53 to a point of use. This com 
pletes an operating cycle and restores the device to the 
position shown in FIG. 2. The volumes of liquid dis 
charged through pipes 50 and 53 per operating cycle are 
equal, and they may be passed to two different points of 
use or combined at a single point of use, as desired. 

FIG. 3 shows a modification of a feeding device accord 
ing to my invention in which in addition to or in lieu of 
the adjustability of time switch 43 means are provided to 
permit a stepless adjustment of the rate of feeding. In 
this arrangement there are a second diaphragm 60 and a 
flat spacer 61 between the diaphragm 10 and the intermedi 
ate plate 21. The spacer 61 has a space 62 in its central 
portion open towards and bounded by diaphragms 10 and 
60, and in communication with a passage 63 closed by a 
plug 64, as well as with a tube 65 connected with a cylin 
der 66. Axially movable in the cylinder 65 through a 
Stuffing box 67 is a piston 68 by means of a screw 69 fitted 
into a threaded hole 70 in piston 68. A tail piece 71 of 
Screw 69 is rotatable in a hole 72 in a yoke 73. A handle 
74, fastened to the tail piece 71 by a pin 75, prevents axial 
shifting of the screw 69 but permits rotation thereof for 
the purpose of changing the position of piston 68 in cylin 
der 66. The space 62 between the diaphragms 10 and 60, 
as well as the tube 65 and the cylinder 66 are filed with 
an essentially incompressible buffer liquid 76, such as 
oil, or water. The plug 64 is provided to permit introduc 
tion of the buffer liquid 76 and removal of air. 

In FIG. 3 the diaphragms 10 and 60 are shown in a 
position which they may occupy with the solenoid valves 
40 and 41 de-energized, these valves being connected as 
shown in either FIG. 1 or FIG. 2. While the diaphragm 
60 rests against the surface of cavity 23, the diaphragm 
10 is Substantially flat, and the volume of liquid in cavity 
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3 and bounded by diaphragm 10 is equal to the volume 
of the cavity 13. This is the volume of liquid which will 
be discharged through pipe 5 upon subsequent energiza 
tion of the solenoid valves 49 and 41. It is half the vol 
ume which is discharged in FIGS. 1 or 2 wherein the dis 
charge on each energization equals the sum of the volumes 
of cavities 13 and 23. it is to be noted that in FIG. 3 the 
piston 68 is about half-way in the cylinder 66. If the pis 
ton 68 is now moved further into cylinder 66 by rotating 
the handle 74 the volume of buffer liquid 76 in the open 
space 62 bounded by the diaphragms 10 and 60 will be 
increased and the diaphragm 10 will be pushed to the left 
until it finally rests in contact with the surface of cavity 13, 
just as diaphragm 60 is in contact with the surface of 
cavity 23. Now both diaphragms 10 and 60 are locked 
in place and unable to move when the solenoid valves 40 
and 41 are alternately energized and de-energized. In 
other Words, the rate of feeding then is zero. As the 
piston 68 is now moved out of cylinder 66 the volume of 
buffer liquid 76 in the space 62 between the diaphragms 
10 and 60 is gradually decreased, and the rate of feeding 
is increased correspondingly. Thus, there is provided a 
stepless adjustment in the rate of feeding from zero to the 
maximum capacity of the feeding device. Means other 
than piston 68 and cylinder 66, for example, bellows, may 
be used to vary the volume of buffer liquid 76 in the space 
62 between the diaphragms 0 and 60. 
When it is desired to feed two different liquids at dif 

ferent rates the devices of FIGS. 1 and 3 may, for instance 
be combined. In that event a single solenoid valve 41 
may be used to control the flow of motivating fluid to and 
from both devices, and a single time Switch 43 to control 
all of the solenoid valves. 

Modifications other than those specifically mentioned 
herein may be made without departing from the spirit of 
this invention, and reference is, therefore made to the 
following claims for a definition of the scope of my inven 
tion. 
What I claim is: 
1. A feeding device for liquid comprising a diaphragm 

made of soft and flexible material, two intermediate 
plates each having two opposite flat faces, one of said 
faces being adjacent to one side of said diaphragm and 
having a cavity therein and the other of said faces having 
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a System of open interconnecting channels therein form 
ing an open underdrain, each of said intermediate piates 
also having a multiplicity of ports Scattered over the 
Surface of its said cavity and communicating with its 
Said underdrain, a pair of end piates each having a flat 
Surface juixtaposed to the flat face of one of said inter 
mediate plates having said underdrain therein, and thereby 
enclosing said underdrain, a passage in each of said end 
plates terminating in its said surface and communicating 
with one of said underdrains, a pair of three-way sole 
noid valves, each having a normally open port adapted 
to be closed on energization of the solenoid valve, a nor 
mally closed port adapted to be opened on energization 
of the Solenoid valve and a common port in communica 
tion with both said normally open port and said normally 
closed port, each of said solenoid valves having its com 
mon port connected with the said passage in one of said 
end plates, one of said solenoid valves having its normally 
open port connected with a source of liquid under pres 
sure and its normally closed port connected with a point 
of disposal, the other of said solenoid valves having its 
normally closed port connected with a source of fluid 
under pressure and its normally open port connected with 
a point of disposal, and a time-switch connected with said 
solenoid valves and adapted to alternately energize and 
de-energize both said scienoid valves in unison. 

2. The feeding device of claim 1, the said, underdrain 
in at least one of said intermediate plates consisting of a 
system of circular and radial channels, and land areas 
between said channels. 
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