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ABSTRACT: A ?uid-metering device for injecting measured 
quantities of additive liquids into hydraulic systems and 
characterized by a length of ?exible tubing, with means for 
bending the tubing so that it acts as a shutoff valve or a varia 
ble flow rate valve. 
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FLEXIBLE TUBE-METERING DEVICES 

This invention relates to ?uid-metering devices such as 
those that are used to inject measured quantities of liquids into 
hydraulic systems. 

For example, in swimming pool operations it is necessary to 
inject into pool water precisely measured quantities of 
chlorine, soda ash and diatomaceous earth solutions and slur 
ries. It is necessary to adjust the rate at which these chemicals 
are injected, according to any variation in the quality of pool 
water. The purpose of such chemical feed adjustment is to 
maintain water quality within speci?ed limits well known in 
the art. 
The conventional method of injecting measured quantities 

of chemicals is by means of piston or diaphragm-metering. 
pumps which are fitted with manually adjustable cams for 
positioning the stroke of the piston or diaphragm. It has been 
found, however, that the adjustment range of these prior art 
devices is very small and relatively inaccurate. Further, the 
metering pumps of conventional design are driven by electric 
motors and have many moving parts so that extensive routine 
maintenance is required to keep them in good working order. 
Further, the conventional pumps are incapable of extremely 
low ?ow rates, and in the low flow rate range they are relative 
ly unreliable. 

In addition to the foregoing disadvantages, conventional 
metering pumps are expensive to manufacture, to install and 
to repair. 

lt‘is, therefore, the primary object of this invention to pro 
vide ?uid-metering devices and pumps which can be manufac 
tured, installed and maintained at less cost than the conven 
tional metering pumps known heretofore. 

It is a more specific object of the invention to provide ?uid 
metering devices and pumps which are generally more reliable 
than conventional metering pumps. More specifically, the 
devices or pumps of the present invention are less subject to 
clogging, more reliable in the low ?ow rate range, and fully ad 
justable with respect to both feeding time intervals and quanti 
ty of feed. 
The above and further objects of the invention are achieved 

by a metering device or pump characterized by the use of s 
?exible tube and means for bending the tube so that it acts as 
either a shutoff valve or as a variable flow rate valve. In one 
embodiment such a tube is used in conjunction with means for 
squeezing the tube downstream from the bent portion of the 
tube with the squeezing of the tube acting in conjunction with 
the bending of the tube to provide more accurate control on 
the flow rate through the tube and to carry out other functions 
as explained hereinafter. 
The invention will be more thoroughly understood from the 

following description of several embodiments thereof as read 
in conjunction with the accompanying drawings. 

in the Drawings: 
FIG. I is a side elevation view, somewhat schematic, of a 

liquid-metering device in accordance with a first preferred 
embodiment ofthe invention; 

FIG. 2 is a side elevation view of a part of the device of FIG. 
I; 

FIG. 3 is a side elevation view, partially schematic, oi‘ a 
second preferred embodiment of s metering device in uc= 
cordance with the invention, this embodiment also perforating 
a pumping action; 

FIG. 4 is a side elevation view ofs part ofthe device acoord= 
ing to FIG. 3; and 

FIG. 5 is a side elevation view of a modified form of the part 
ofthe FIG. 3 device that is shown in FIG. 4. 

Referring to FIG. I, it should be understood that it is the 
basic function of the device 10 to feed a liquid additive from 
container 12 into a primary fluid ?owing through conduit Id. 

In the FIG. 1 embodiment ofthe invention, the pressure dif? 
ferential causing the additive fluid to flow from container 12. 
to conduit 14 is gained by an eductor 16 in conduit 11% but it 
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2 
should be understood that the device of the invention is 
adaptable to controlling the rate of additive feed when the 
pressure differential is created in another way, for example, by 
the provision of a positive pressure pump at container 12. As 
stated above, in the FIG. 1 embodiment the pressure dif 
ferential is effected by the use of an eductor 16 and as the 
operating principle of an eductor is well known, it is not 
described in detail herein nor are the other possible alterna 
tive ways of creating a pressure differential between container 
12 and conduit 14. 
While it has been stated above that it is the primary object 

of device 10 to feed a ?uid additive to conduit 14, the function 
of device 10 can be described more precisely as the con 
trolling of the rate of introduction of a ?uid additive into a pri 
mary fluid ?ow in conduit 14. 

Referring still to FIG. 1, device 10 essentially consists of a 
?exible tube 18 and means 20 for bending the tube in a con 
trolled manner. Tube bending means 20 consists of a solenoid 
22 carrying a bar 24 carried at the free end of its rod 26. Tube 
18 is attached to bar 24 by a clamp 28 and a spring 30 is ?xed 
to clamp 28 by one end and anchored to the frame of the 
device at its other end. 

In FIG. I, solenoid 22 is shown as it exists in its energized 
position, In this position, the tube takes up a form which per 
mits free passage of additive ?uid from container 12 to con 
duit 14. Upon deenergization of the solenoid, the weight of 
bar 24 and spring 30 cooperate to bend the tube so that it as 
sumes the position shown in FIG. 2. 

It can be seen, therefore, that by the operation of the sole 
noid, tube I8 can be bent and unbent at will so that the tube 
operates as a valve, the collapsing of the tube at its bend serv 
ing to seal the tube to interrupt the flow of ?uid through it. 
From the foregoing, it will be understood that the control of 

?uid flow through tube 18 is simply achieved by bending the 
tube as required employing a solenoid as a preferred means 
for doing so. It will also be understood that any number of 
possible arrangements could be employed for operating the 
solenoid or timer. Thus, for example, an arrangement based 
on a device for continuously analyzing the chemical composi 
tion of the primary fluid in conduit 14 could be used to feed 
and/or interrupt current to the solenoid as to open and close 
the tube valve. 
By way of illustration, however, the embodiment oi‘ FIG. it 

employs a timer 3d placed in series between solenoid 22 and 
power supply 36. The timer can be preset to govern the 
frequency at which the ?exible tube opens and collapses and it 
also determines the amount of time during which the tube 
remains open. thereby the amount of ?uid injected into con 
duit 14 is governed. As a preferred arrangement, timer 34 is 
used in conjunction with a valve 38 in an eductor bypass line 
40. Thus. valve 38 can be adjusted to govern the amount of 
the primary fluid which passes through eductor 16 whereby a 
basic adjustment of the amount of additive fluid fed to conduit 
is is controlled by the variable pressure differential effected 
by eductor 16. depending upon the operation of valve 38. This 
control of the pressure differential working in conjunction 
with timer 34 provides an extremely sensitive adjustment to 
the rate and amount of additive fluid being fed to conduit 14. 
Tests have shown that the ?ow rate range possible is from less 
than 0.001 ml. to 2000 ml. a minute or more. Larger flow rates 
in the same degree can be achieved, depending upon the sizes 
of the components selected. 

There are numerous advantages in the flow rate=adjusting 
device in accordance with the invention. These advantages 
stem from the use of a ?exible tube as combined with means 
for bending the tube to seal it off and open it as desired. 
Firstly, replacement oftho flexible tube is very simple, and by 
selecting the proper type and size of tube material. long 
operating life can be expected. The simplicity of replacement 
of the tube is important in medical npparati, where danger of 
cross infection can occur. A new sterile tube can be used to 
replace the used tube at negligible cost. The ?exible tube 
valve of the invention may also be used in recirculation 
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machines such as arti?cial kidneys where it is desirable to stop 
blood ?ow when certain temperature and pressure limits are 
exceeded, and to immediately supply blood when temperature 
and pressure ranges are normalized. For this type of applica 
tion, the ?exible tube valve of the invention is ideal as it is ex 
tremely hygienic and provides a positive seal. 
Another advantage of the ?exible tube-metering device of 

the invention is that the interval between the feeding of an ad 
ditive ?uid to a main ?uid stream is adjustable over practically 
any time range, being limited only by the range of timer 
selected. In conventional metering pumps, employing a piston 
or a diaphragm, the time interval is limited by a cam. Further, 
as time control in the present device is electronic, the period 
of injection can be as low as one ?ftieth of a second. This ex 
tremely low time rate is difficult and costly to achieve by 
mechanical means. Further, the metering device of FIGS. 1 
and 2 has a continuous ?ushing action through eductor l6 and 
the device is intended for the transfer of solids in a slurry. This 
continuous flushing action prevents solids of high speci?c 
gravity from settling in the conduit 14. 
The embodiment of FIG. 3 combines the ?exible tube valve 

with means for squeezing the tube, the combination producing 
a device capable of a positive pumping action while maintain 
ing its prime. 

Referring to FIG. 3, the illustrated device is quite similar to 
the device OF FIG. 1 except that the bar 24 is longer and there 
is included a stop 42 and a conventional check valve 44. The 
addition of the latter two elements permits the device of FIG. 
3 to act as a positive displacement pump, i.e. a device that is 
capable of raising a liquid held in container 12 and dispensing 
the liquid from a nozzle 46, for example, rather than simply 
controlling the rate r f flow set up by a pressure differential 
originating outside the device as is the case with the FIG. I 
AND FIG. 2 embodiment. 
The FIG. 3 embodiment ofthe invention is used in those ap 

plications requiring precise ?uid measurement but wherein it 
is not convenient or economic to provide means for maintain 
ing a constant head of liquid in container I2. As previously 
mentioned, the FIG. I and FIG. 2 embodiment of the invem 
tion is capable of extremely accurate flow control only if a 
constant pressure head is maintained on the liquid held in con~ 
tainer 12. 
The device of FIG. 3 operates in the following manner. Con“ 

trol of the device is gained by timer .34 which periodically 
feeds current to solenoid 20 as desired. When no current is 
?owing through the solenoid, the weight of plunger 26 and 
spring 30 causes bar 24 to squeeze the tube against stop 42. At 
the same time, the tube is bent so that it is closed off. In fact, 
sealing of the tube at the bend takes place before the tube is 
squeezed between bar 24 and 42, Thus, in this instance the 
bend in the tube acts as a check valve preventing flow of liquid 
past the bent portion of the tube so that the liquid held in the 
tube in the area of stop 42 is forced past check valve 034 and 
out nozzle 46. Thus. the status of the device following inter= 
ruption of current to the solenoid is that a precise quantity of 
liquid. depending upon the size of of the tube and the size of 
stop 42, has been ejected from nozzle 46. Further. the closure 
of the bend in the tube will serve to thereafter maintain prime 
with respect to the liquid held in container 12. in this regard, it 
will be noted that this is the no-eurrent status of the device so 
that the prime can he held indefinitely and is in condition for 
immediate operation when operation iii required llii deter 
mined by timer 34 or any other mechanism for feeding current 
to the solenoid or timer. 
When current to the solenoid or timer is initiated. the bar 2d 

is drawn away from stop »l2 and as the lube opens due to its 
own resiliency, the internal volume of the tube between check 
valve M and the bend in the tube is increased. This. ofcourse. 
creates a negative pressure within this length of the tube and 
with check valve 44 automatically operating to close that end 
of the tube and with the bend in the tube opening, a negative 
pressure within the tube causes liquid to be drawn up from 
container 12. Thus, with the bar being raised to its highest 
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position, that portion of the tube between container 12 and 
check valve 44 is full of liquid and prime is held by check 
valve 44. 
On interrruption of current to the solenoid, the bar 24, 

assisted by spring 30, drops downwardly as previously ex 
plained to squeeze the tube against stop 42, thereby forcing 
liquid contained in the tube in the area of stop 44 outwardly 
past check valve 44 to nozzle 46. 

It will be appreciated from the foregoing that the quantity of 
liquid dispensed depends upon the dimensions of the tube and 
the dimensions of stop "U." FIG. 4 shows a modified form of 
the FIG. 3 device in which stop 42 is replaced by a movable 
stop 48 and an adjusting cam 50 so that the quantity of liquid 
dispensed can be varied, depending upon the position of the 
cam. It has been found that flow rates of from 0.1 ml. to 50 ml. 
per minute are possible. Larger ?ow rates than 50 ml. per 
minute would be possible by increasing the size of all of the 
components used including the tube itself. 

FIG. 5 shows another modi?ed form of the device OF FIG. 
3. The FIG. 5 arrangement provides an alternative means for 
adjusting the ?ow rate. In this modification, stop 42 takes the 
form oftwo side-by-side elements 42a and 4212 but the modifi 
cation might also be used with the type of stop illustrated in 
FIG. 3. The important difference is that means is provided for 
varying the tension in spring 30 so that adjustment in the ?ow 
rate is gained, not by varying the position of stop 42 but by 
varying the amount of pressure exerted against the tube by bar 
24. The spring tension variation is gained by means of a fine 
threaded screw 52 held in a threaded block 54. 
From the foregoing descriptions of FIGS. 3, d and 5, it will 

be appreciated that ?ow rate adjustment essentially is gained 
by providing means for varying the amount by which the tube 
is squeezed. It should be appreciated that the embodiments of 
FIGS. 3, d and 5 are intended for use in applications in which 
it is not possible or desirable to effect a pressure differential 
across the device as by the use of an eductor, for example. 
Another application of the FIGS. 3 to 5 embodiments is where 
very precise metering is required and it is not possible or 
desirable to employ means for maintaining a constant head of 
liquid in container 112. 
The FIGS. 1 and 2 embodiments, on the other hand, are 

more suited to the feeding of heavier additives as there are no 
conventional check valves which might tend to become 
clogged. The embodiments of FIGS. 1 and It have a continu 
ous flushing action which prevents solids of high specific 
gravity from settling in the conduit 14 and/or eductor 16. 

Finally, it will be recognized from the foregoing that all of 
the illustrated embodiments ofthe invention are characterized 
by the principle of bending a ?exible tube, whether the bend 
in the tube acts as a ?ow control valve or as a check valve. The 
advantage of bending the tube is that a minimum amount of 
power is required to effect a perfect seal. 
The perfect seal in the bent tube functions as a nonleaking 

check valve and this positively prevents loss of prime in all of 
the devices described. In effect, this ensures that liquid in cor 
rectly metered quantities is discharged immediately the sole 
noid is energized. The bent tube maintains prime for inde?nite 
periods and there is no delay in the discharge of liquid, even 
after long periods of nonuse. This is not possible with convcm 
tlonal metering pumps; check valves necessary with such 
pumps leaii due to atmospheric pressure and supply pipes lose 
prime. Thus. immediate delivery of a precisely metered quan 
lily of liquid. after long ptll‘ititill=llliti even short periods-moi‘ 
nonuac. is not possible with conventional metering pumps. 
What i claim as my invention is: 
l. A ?uid metering device comprising. 
a. a housing. 
b. a length of flexible tubing in said housing, said tubing hav 

ing an inlet end secured relative to said housing and con 
nectable to a source of secondary fluid and an outlet end 
secured relative to said housing and conncctable to a 
receiver for metered fluid. 
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c. bending means for bending said tubing mounted in said 
housing and having a movable head portion engaging said 
tubing intermediate the ends thereof, said bending means 
being operable to move said head portion rapidly to and 
fro in a straight path between the ?rst position spaced a 
substantial distance from one secured end of said tubing 
and a second position more closely disposed with respect 
to said one secured end, 

. said tubing having a ?rst portion of a sufficient length to 
extend between said secured inlet end and said head por 
tion of said bending means in a deep curved con?guration 
without restricting the ?ow of ?uid therethrough when 
said head is in said ?rst position, said ?rst portion of said 
tubing being folded upon itself about a single-fold line 
located between said head and said secured inlet and to 
prevent the ?ow of fluid therethrough when said head is 
in said second position, said ?exible tubing having a 
second portion extending from said head to the other end 
thereof in a con?guration and of a sufficient length so as 
to provide unrestricted ?ow between said head and said 
second end in all positions of said head, 

e. and timer means mounted in said housing for controlling 
the movement of said head in said ?rst and second posi 
tions. 

2. A ?uid-metering device comprising, 
a. a housing, - 

b. a ?uid inductor mounted in said housing and having input 
passage means opening out of said housing connectable 
to a source of primary ?uid, output passage means open 
ing out of said housing connectable to a ?uid receiver and 
inductor passage means intermediate said input and out 
put passage means, said inductor being operable in 
response to the ?ow uf a primary ?uid therethrough to 
create a negative pressure condition in said conductor 
passage, 

c. a length of ?exible tubing in said housing, said tubing hav 
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6 
ing an inlet end secured relative to said housing and con 
nectable to a source of secondary ?uid and an outlet end 
secured to said inductor in ?uid communication with said 
inductor passage, 

d. bending means for bending said tubing mounted in said 
' housing and having a movable head portion engaging said 

tubing intermediate the ends thereof, said bending means 
being operable to move said head portion rapidly to and 
for in a straight path between the ?rst position spaced a 
substantial distance from one secured end of said tubing 
and a second position more closely disposed with respect 
to said one secured end, 

e. said tubing having a ?rst portion of a sufficient length to 
extend between said secured inlet end and said head por 
tion of said bending means in a deep curved con?guration 
without restricting the ?ow of fluid therethrough when 

- said head is in said ?rst position, said ?rst portion of said 
tubing being folded upon itself about a single-fold line 
located between said head and said secured inlet end to 
prevent the ?ow of ?uid therethrough when said head is 
in said second position, said ?exible tubing having a 
second portion extending from said head to the other end 
thereof in a configuration and of a sufficient length so as 
to provide unrestricted ?ow between said head and said 
second end in all positions of said head, 

. and timer means mounted in said housing for controlling 
the movement of said head in said first and second posi 
tions. 

3. A device as claimed in claim 2, inpwhich said bending 
means consists of a solenoid having its plunger fixed to said 
length of tubing and spring means, also ?xed to said length of 

He 

tubing and biased to bend said tube, said solenoid being opera 
tive to overcome said spring means as to open the bend in said 
length of tubing. 


