
Jan. 8, 1963 

Filed Dec. 31, 1958 

J. SREEL 

PUMPING APPARATUS 

F: 

24 
is is 

L 

y w 

. 

3,072,296 
2 Sheets-Sheet I 

INVENTOR. Vaca Asree? 
BY &el. Raa-e, - 
it al. Cs-a- 

A77OAMA 1s 

  

  

    

  

  

  

  



Jan. 8, 1963 

Filed Dec. 31, 1958 

F.G. 4 

J. SREEL 

PUMPING APPARATUS 

777 
ZaSSSSSNNNNansas 42'aaa 

at a SYS -e244 
Af 

3,072,296 
2 Sheets-Sheet 2 

24444 a 42 

SY1272 

... INVENTOR. 
Vaca Asree 

Y &d., ?il-e-A . 
to- Cya - 

a 772AMAYS 

  

  

  

  

  

  

  

  



United States Patent Office 3,072,296 
Paterated Jan. 8, 1963 

3,072,296 
PURAPRNG APPARATUS 

Jack Isreeli, Tuckahoe, N.Y., assignor to Technicon in 
struments Corporation, Chauncey, N.Y., a corporation 
of New York 

Fied Dec. 31, 1958, Ser. No. 784,123 
As Caixias. (C. 222-32) 

This invention relates to pumping apparatus. 
One object of the present invention is to provide pump 

ing apparatus which is especially well adapted to ac 
curately measure and pump small quantities of fluids hav 
ing such characteristics as to require the use of special 
materials which are inert upon contact with said fluids, as 
for example, but without limitation, such fluids as acids, 
certain solvents, certain alkalis and reagents, etc. 
Another object of the present invention is to provide 

means to permit the use of a proportioning pump, of the 
resiliently flexible tube type, for metering and pumping 
fluids which normally damage or destroy the tubes of the 
proportioning pump. 
A furthetr object of the present invention is the pro 

vision of pumping apparatus wherein a proportioning 
pump may be used for pumping fluids which normally 
have adverse effects on the tubes and parts of ordinary 
pumps, and to provide for the pumping of Such fluids 
either alone or concurrently with innocuous fluids in pre 
determined accurately measured relative portions, in 
either case, without any detrimental effects on the tubes 
or parts of the pump. 
A still further object of the present invention is to pro 

vide a pumping apparatus having a first pump for pump 
ing one fluid, a second pump for pumping a different fluid, 
and means interconnecting said two pumps for operating 
said second pump under the control of said first pump in 
proportion to the quantity of fluids pumped by said first 
pump. 

Another object of the present invention is to provide, 
in a pumping apparatus, a pump comprising a rigid con 
tainer or bottle providing a first chamber therein and a 
removable closure member or pump device mounted on 
said container to provide a second chamber for said pump 
isolated from said first chamber, and means for introduc 
ing liquids into said second chamber for pumping liquids 
from said first chamber in quantities equal to the liquids 
introduced into said second chamber. 
A still further object of the invention is to provide im 

proved pumping apparatus, for pumping proportionate 
quantities of various normally destructive fluids, which is 
simple in construction and operation. 
The above and other objects, features and advantages 

of this invention will be fully understood from the fol 
lowing description considered in connection with the ac 
companying illustrative drawings of the presently pre 
ferred embodiment of this invention. 

in the drawings: 
FIG. 1 is a diagrammatic view of a pumping apparatus, 

pursuant to the present invention, employed in a fluid 
processing or analysis system; 

FIG. 2 is a vertical sectional view, on an enlarged scale, 
taken on line 2-2 of FIG. 1, showing the pump of the 
present invention, ready to commence pumping of de 
structive fluids; 

FIG. 3 is a vertical view, partly in section, showing the 
pump of the present invention near the completion of 
the pumping operation; 

FIG. 4 is a diagrammatic view, taken in the direction 
of line 4 of FIG. 1, showing the proportioning pump in 
the open position thereof to permit the venting of air from 
the pump of the persent invention; 

FIG. 5 is a vertical view of a container or bottle which 
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provides a chamber for the pump of the present invention, 
with a cap thereon; 

FIG. 6 is a vertical view of a removable pump device 
for the bottle shown in FIG. 5; and 

FIG. 7 is an enlarged detailed view, in section, of a 
combined coupling and check valve for some of the lines. 

Referring now to the drawings in detail and particularly 
to FIGS. 1 and 2, the pumping apparatus of the present 
invention comprises a proportioning pump 8 which de 
livers pumped fluids to a second pump 2 for operating 
said second pump under the control of the proportioning 
pump. Pump 12 includes a bottle or other suitable con 
tainer 14, having a fluid therein, which is discharged 
therefrom in quantities equal to the pumped fluids de 
livered by proportioning pimp 8 to pump 2, as will be 
more fully understood from the following detailed descrip 
tion of the invention. 

Proportioning pump 1) is provided with a platen 3 
resiliently mounted on a base support 15 by springs 16. 
Suitably mounted on platen A3 are a plurality of resilient 
ly flexible tubing members i3, 26 and 22, which are 
preferably made of a suitable plastic material, as for ex 
ample "Vinylite.' Mounted above the tubing members, 
and extending transversely thereof, are a plurality of 
pressure rollers 24 which are carried in spaced relation 
by sprocket chains 26 to which they are attached, at each 
end thereof. The sprocket chains are supported on 
sprocket wheels 28 and 30 which are supported in a frame 
32. Suitable driving means (not shown) are connected 
to a shaft 34 for driving sprocket wheels 23, said sprocket 
wheels being mounted on said shaft for causing the rollers 
24 to progressively compress the tube members 3, 20 and 
22, simultaneously along their lengths for pumping fluids 
therethrough. Driven sprocket wheels 38 are also 
mounted on a common shaft 36. The assembly of rollers 
and sprocket chains may be lifted off the flexible tubing 
members, as shown in FIG. 4, by unlatching wing screw 
38 and rotating the assembly about its hinged pivot 48. 
A pump of this type is described in U.S. Patent No. 
2,893,324 issued July 7, 1959, to the assignee of the pres 
ent application. 
As will be understood from the said patent, the fiexible 

tubing members of the proportioning pump may be of 
different internal diameters in order to transmit fluids in 
correspondingly different quantities. However, said tubes 
have the Sarine wall thickness so that all of them are fully 
compressed by the same transversely extending pressure 
rollers 24. In many instances, the tubes are of very 
small diameter, for example, between 0.030 inch to about 
0.081 inch, and the volumes of fluids pumped per minute 
are correspondingly small, ranging from about 0.32 m. 
per minute to about 2.5 ml. per minute, the pumping rate 
varying according to the speed of the pump. It will be 
understood, however, that the subject invention is also 
useful for pumping fluids through larger diameter tubes 
and at various other rates. 

it will be understood that movement of rollers 24 over 
fiexible tubing members 18, 28 and 22, longitudinally 
thereof, simultaneously compresses the tubing members 
progressively along their lengths causing proportionate 
quantities of fluids to be pumped into, for example, a 
process or analysis system, such as indicated at 42. Sys 
ten 42 may involve an analysis system for determining 
various substances contained in fuids being analyzed 
such as the process system disclosed in U.S. Patent No. 
2,797,149. As described in said patent, successive fluid 
samples are processed by a system, as 42, to develop a 
coor therein indicative of a substance contained in said 
fluid being analyzed. The colored fluids are delivered to a 
flow cell 44, wherein gases are removed from said colored 
fluids and the colored fluids subsequently undergo colori 
metric analysis in the colorimeter 46, the results of said 
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analysis being recorded on the recorder 43. At the con 
pletion of the colorinietric analysis the fluids are dis 
charged froin the colorimeter at 58. Further discus 
Sion of the processing system, the colorimeter and the 
recorder, is not considered necessary since they do not, 
per se, form part of the present invention. 

In many cases, depending upon the type of analysis or 
fluid treatinent involved, various fluids are required to be 
used which are corrosive or harnful to the flexible tube 
itembers or other parts of the proportioning pump 18 and, 
accordingly, it is in portant that these fuids do not pass 
directiy through the pump. Pursuant to the present in 
vention means are provided wherein these destructive 
fluids are riot required to pass through the flexible tube 
members of the proportioning pump 20 but will still be 
pumped and delivered in proportional quantities to the 
processing systein 42. 

Referring now to FIG. 1, it will be noted that three 
tube members, namely, tubes 8, 28 and 22 are shown 
being actuated by the proportioning pump 6. It will 
be understood that these tubes are representative of a 
number of tubes for any particular processing or analysis 
that may be accomplished and that more or less tubes may 
be employed. Tubing members 20 and 22 contain in 
locuous fluids which are not harmful or destructive to the 
tubing members or parts of the proportioning pump and, 
accordingly, are connected directly to the processing Sys 
ten 42 via tube member 52, coupling 54 being provided 
to connect tube members 28 and 22 to said tube member. 
Tube member 22 may carry the samples of the fluid de 
sired to be analyzed or processed while tube member 22 
may carry air so as to divide the fluid samples into separate 
segments to provide a segmented fluid stream for the 
processing system 42, as indicated in U.S. Patent No. 
2,797,149. Tube member 18 would normally carry an 
acid or other liquid reagent for reacting with the fluid 
samples flowing in tube 2:3. However, since this acid 
or reagent would shortly corrode or destroy the flexible 
tribe members of the proportioning pump, other pump 
means, as the previously mentioned pump 2, is employed 
for pumping these destructive fluids. Pump 12 is inter 
posed in flexible tubing line 58 and is provided with an 
outlet tube 58 which is connected to tube member 26 by 
coupling 60. When corrosive or destructive fluids are 
required to be pumped, as well as innocuous fluids, in 
proportional quantities, proportioning pump 10 will pump 
through tube member 20 the fluid samples, through tube 
members 22 air, both innocuous fluids, and other innocu 
ous fluids, such as ethylene glycol, will be purnped through 
tube member 18, the corrosive or destructive acids or 
liquid reagents being pumped by pump 2, under the con 
trol of proportioning pump 16. Proportioning pump 16 
pumps an actuating fluid through tube member 18 to op 
erate pump 12, which will be more fully understood from 
the following description. It will be understood that the 
number of tubes shown in F.G. 1 is for illustrative 
purposes only and that more or less tubes may be em 
ployed as well as additional pumps, similar to pump 22, 
depending upon the process or analysis involved. 

Referring now to FIG. 2, pump 12 comprises a rigid 
cylindrical container or bottle 14, previously mentioned, 
preferably made of glass, or other suitable material which 
is inert to corrosive fluids, having a wide mouth opening 
64, at the neck thereof, said neck being provided with the 
usual threads 66. Bottle i4 contains the liquid reagent 
or other destructive fluid 63 required to be punped in 
proportional quantities to react with the fluid Samples in 
the process system 42. Removably mounted on the 
threaded neck portion of container 14 is a pump device, 
generally designated by the reference numeral 68, which 
is preferably made from a suitable plastic, such as poly 
ethylene. Pump device 68 includes a cap or closure mem 
ber 70 provided with threads 72 which engage the threads 
6 of container 14 when pump device 68 is mounted 

thereon. The upper part of cap 70 mounts a portion of a 
tube 74 to which is mounted, at the lower part thereof, 
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4. 
an enclosed member of bag-like receptacle 76, adapted to 
be inserted in container 24 through opening 64, said tube 
and bag also preferably being inade from polyethylene. 
Tube 74 is provided, at the lower end thereof, with a 
flange 78 to which the upper peripheral edge portion 88 
of bag 76 is fused, by heating, said bag being provided 
with a seal ring 82 to insure a good connection between 
said tube and said bag. The bag 76 is normally evacuated 
and the upper portion of tube 74 is closed, as at 84, to 
itsure against loss of vacuum. The bag-like receptacle 76 
in its coilapsed condition occupies very little Space when 
inserted into the container 44, the disposed position of the 
bag in the container being shown in FIG. 2. In order to 
irisire against any significant resistance to movement of 
actuating fluid from the proportioning pimp is and to 
yield fully to the pressure of the actuating finid from 
the proportioning pump, the bag 76 should be non 
stretchable and fiaccid. In addition, it is necessary that 
the bag be chemically inert to the destructive fluids and 
reagents in contact therewith in container 14. Accord 
ingly, bag 75 should be made from a material that is 
coinpletely insensitive to practically all fluids, examples 
of such materials being polyethylene and polytetraiouro 
ethylene. 
The upper part of cap 7} is also provided with an out 

let tube 86 to which is connected the previously mentioned 
tube member 53 which goes to the processing system 42. 
Said outlet tube is also preferably made of polyethylene. 
Tube member 18 is in fluid communication with the in 
terior of bag 75, through a hypodermic needle 88, to 
which it is fastened, at one end thereof, the pointed end 
of said needle piercing the side wall of tube 74, at 90, as 
clearly shown in FIG. 2. Tube 28 is supplied with an in 
nocuous fluid, such as ethylene glycol, which has no detri 
mental effects on the tubing members of the pump, the 
supply being shown in FGS. 1 and 4 as a bottle 92 con 
taining said liquid. The innocuous fluid should preferably 
have a low vapor pressure. The liquid supply in bottle 92 
should also be of a type which does not react with the acid 
or liquid reagent contained in bottle 4. This is impor 
tant because, during an extended period of operation of 
pump 2, Some of the innocuous liquid which has been 
pumped into bag 76 by proportioning pump it may, be 
cause of the extended time said liquid is in said bag, dif 
fuse through the bag and mix with the acid or liquid re 
agent in the bottle. Ethylene glycol is a nonlimitative ex 
ample of such a suitable liquid. Bottle 92 is provided with 
a two-hole stopper 94, the other end of tube 28 passing 
through one of said holes and being immersed in the in 
nocuous fluid, the other of said holes providing an air vent 
93 for the supply bottle 92. Tube member 8 is also pro 
vided with a bulb or hand pump 96 which is provided with 
a stop cock or pinch camp 98 which may be closed to 
isolate the hand pump from tube 8. 

Normally, the container 4 and the pump device 68 will 
be shipped separately, as shown in FIGS. 5 and 6, the acid 
or liquid reagent being furnished in said container, said 
container having the usual cap E98. Since bag 76 will 
be evacuated, the pump device 68 for container 4 will 
preferably be packed in a receptacle that has been sub 
stantially evacuated to aid in the retention of the vacuum 
in bag 76 during iong periods of storing or shipping. 
Pump 12 operates in the following manner: 
Cap 100 is removed from container 14 and pump de 

vice 68 is screwed on threads 66 of the neck portion of 
the container, the bag 76 being inserted through the 
mouth opening 64 of the container into liquid reagent 63. 
In this assembled condition of pump 2, bag 76 provides 
a first or inner chamber for pump :2, the container 4 
providing a second or outer chamber Surrounding and en 
closing said inner chamber. Prior to the piercing of tube 
74 by hypodermic needle 88 to connect tube i8 with the 
bag 76, pinch clamp 98 on hand pump 93 will be opened 
and the pump and the tube i8 will be filled with in 
nocuous liquid, Such as ethylene glycol, from supply 92, 
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thereby insuring the removal of all air in said tube and 
Said pump. To do this, the rollers and sprocket chain 
assembly of proportioning pump 6 will be lifted off 
platen 3 by opening screw 38 and pivoting said assem 
bly about its hinged pivot 49, as shown in FIG. 4. The 
Supply bottle 92 will then be lifted and tilted, into the 
position shown in solid lines in Fig. 4, to fill tube 18 and 
bulb 96 with ethylene glycol, any air in said members 
being removed through the opening 82 in hypodermic 
needle 88 or through the vent 93 provided by the other 
hole in stopper 34 of bottle 92. After the removal of all 
air, hypodermic needle 88 may be inserted through the 
Side Wall portion of tube 74 to connect tube member 8 
With the interior of bag 76, said tube then being in fluid 
communication therewith. It will be noted that since 
bag 76 has been evacuated, there is no air required to 
be removed therefrom. However, there will be a certain 
quantity of air contained in bottle 4 which is required to 
be removed prior to any purnping by proportioning pump 
i0 So that liquids introduced into bag 75 will displace or 
pump an equal quantity of acid or liquid reagent from 
bottle 4. This air may be easily removed by permitting 
innocuous fluid from Supply bottle 92 to flow, by gravity, 
into bag 76, the Supply bottle being held in the elevated 
position shown in FIG. 4. if desired, positive pumping 
of fluid into bag 76 may be accomplished by manual 
actuation of buib 96. As fluid from supply bottle 92 
enters bag 76, an equal quantity of fluid will be displaced 
or pumped from container i4 so that the liquid reagent 
in the container will rise and force out any air therein 
through outlet 86. This manual venting operation may 
be continued until the liquid level in container 14 rises 
to the top of outlet 86, at which time all the air will have 
been vented from the pump. At that time, pinch clamp 98 
is closed and the roiler and sprocket chain assembly is 
lowered by pivoting said assembly about hinged pivot 49 
Whereupon the rollers will engage the flexible tube mem 
bers of the pump and rest on platen 13 ready for the 
pumping operation. 
At this time the Supply bottle 92 will be lowered into 

position for pumping operation, said position being shown 
in dotted lines in FIG. 4. The pumping apparatus is now 
ready for operation. Upon actuation of proportioning 
punp it, the rollers 24 will continuously move over the 
flexible tubing members 8, 26 and 22 progressively com 
pressing them along their length to punp proportionate 
quantities of fluid therethrough. Innocuous fiuid from 
Supply bottle 92 will be pumped, by the proportioning 
pump, through tube member 8 into bag 76 of pump 2, 
Wherein an equal quantity of liquid reagent 63, in con 
tainer 4, will be displaced or pumped therefron, through 
outlet 86, into tube member 58, wherein said liquid 
Teagent Will join the fluid samples being pumped through 
tube member 28, at coupling 56. Slightly downstream 
of Said flow the mixed fluids will be segmentized by the 
air stream being pumped by proportioning pump (e 
through tube member 22, said segmentation being accom 
plished at coupling 54 wherein a segmented fluid stream 
Will flow to the processing System 42 via conduit 52. 

Thus it will be seen that there has been provided, in 
a pumping apparatus, pump means wherein equal quanti 
ties of actuating liquid from a proportioning pump cause 
equal quantities of liquid in the pump means to be dis 
charged from Said pump means and wherein the pumped 
liquids do not come in contact with any of the tubing 
members of the proportioning pump. In addition, the 
quantity of liquid pumped by pump 2 is proportional to 
the quantity of fluids being pumped by the proportioning 
pump. 
The aforesaid pumping operation may be continued 

until bag 76 is filled with innocuous fluid so that the bag 
is in contact with the inner wall surfaces of container 14. 
This condition of pump 32 is shown in F.G. 3, wherein 
the pumping operation has been nearly completed and 
bag 76, which is filled with the innocuous fluid indicated 

O 

5 

25 

30 

35 

40 

55 

60 

65 

O 

5 

6 
as 86, is in contact with the inner wall surfaces of con 
tainer 4, except at the upper portion thereof. Pref 
erably, bag 76 should be of the same size as the interior 
of container 24, so that after having been filled, additional 
fluid attempted to be pumped therein will be resisted by 
the rigid walls of the container thereby precluding the 
possibility of breakage of the bag. in addition maximum 
utilization of the space within the container will result, 

If the operation of pump 2 is stopped prior to the 
completion of the filling of the bag 76, wherein bag 76 is 
in an intermediate stage, having been filed so that it may 
no longer be lifted through the relatively narrow opening 
64 at the neck portion of the bottle, it is preferable that 
pump device 68 be removed from container 4 until it is 
desired to operate pump 2 once again. if the bag 76 
remains in the bottle 4 for any appreciable length of 
time, liquids in bag 76 will begin to diffuse through the 
material of the bag into the liquid reagent 63, which may 
be avoided by removing the pump device 63 from the 
bottle during the inoperative periods of the pump. Ac 
cordingly, the upper portion of outlet tube 74 may be 
cut away, below the closed part 34 thereof, and the liquid 
in bag 76 may be drained therethrough. When the bag 
76 has been drained enough so that it may pass through 
the opening 64 of the bottle, pump device 53 may be re 
moved from the pump, washed and stored away until 
further use is made of the pump, tube member 18 having 
been previously disconnected from tube 74. 
When it is desired to use pump 2 again, pump device 

68 may be remounted on container 4 and tube member 
E8 may be reconnected to bag 76 by piercing the side 
wall of tube 74, as previously described, by using hypoder 
mic neede 88. The air in bag '76 may be vented through 
the opening now existing in tube 74 by introducing fluid 
therein from supply bottle 92, in the same manner as pre 
viously described, until the liquid level in bag 76 rises to 
the opening in tube 74, wherein said opening may then 
be closed by a suitable clamp. The air may then be 
vented from container E4 in the same manner as previous 
ly described in connection with FIG. 4. Upon comple 
tion of the venting of air from container 4, pump E2 is 
again ready for pumping operation. To avoid the steps 
of venting bag 76 and the necessary resealing of tube 74, 
the pump device 68 may be discarded when removed from 
the container 4 and a new pump device may be em 
ployed, if desired. 

It will be noted that at the junction where the tube 
members meet, combined it couplings 54 and 60 have 
been provided, each of said couplings having a check 
valve 14, similar to the one shown in FIG. 7, in the legs 
of the couplings connecting tube members 22 and 20, re 
spectively. When proportioning pump it is stopped by 
lifting the assembly of rollers and sprocket chains off 
the flexible tubing members 8, 2G and 22, as shown in 
FG. 4, a Suction will be created in said tube members 
due to the release of the pressure of the rollers 24 on 
these tube members thereby possibly causing destructive 
liquid reagents to back up into tube member 26 or 22. 
This is undesirable, since tube members 26 and 22 would 
normally be made from a suitable flexible vinyl plastic, as 
previously mentioned, which would be adversely affected 
by the destructive liquids in tube members 52 or 58. 
This adverse condition is avoided by the provision of 
check valves 104 in "i" couplings 54 and 69, coupling S4 
being shown in FIG. 7. These T couplings may prefer 
ably be made from glass. Accordingly, it will now be 
impossible for fluid to flow back from tube member 52 
into either tube member 20 or 22 nor would it be possible 
for destructive fluids in tube member 58 to flow back into 
tube member 29. 

he subject matter of this application is related to my 
U.S. application, Serial No. 752,516, filed August 1, 1958, 
now abandoned. 
While I have shown and described the presently pre 

ferred embodiment of the invention, it will be understood 
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that the invention may be embodied otherwise than 
herein specificaily illustrated or described, and that in the 
illustrated embodiment certain changes in the details of 
construction and in the form and arrangement of parts 
may be made without departing from the underlying idea 
or principles of the invention. Accordingly, do not 
wish to be limited to the precise construction shown or 
described herein, except as may be required by the scope 
of the appended claims. 

Having thus described my invention, what claim and 
desire to secure by Letters Patent is: 

1. Pumping apparatus, comprising first pump means 
having a plurality of resiliently flexible tube members 
for pumping a plurality of fiuids in proportional quan 
tities, one of said fluids being a liquid, said first pinp 
lineans having means for progressively compressing said 
tube members along their lengths for pumping said fluids 
respectively, therethrough, second pump means for pump 
ing a liquid, and fluid passage means interconnecting the 

S 2. 

flexible tube member for the liquid from said first pump : 
means and said second pump means for operating said 
Second pump means under the control of said first pump 
means so that the quantity of the liquid pumped by said 
Second pump means is the same as the quantity of said 
liquid pumped by said first pump means whereby the 
quantities of the fluids pumped by said first and seccnd 
pump means are proportional. 

2. Pumping apparatus, comprising first pump means 
having a plurality of resiliently flexible tube members for 
pumping a plurality of fluids, respectively, said first pump 
means having means for progressively compressing said 
tube members simultaneously along their lengths for 
pumping said fluids therethrough in proportional quan 
tities, Second pump means for pumping a different fluid 
than said first pump means, and fluid passage means inter 
connecting said first pump means to said second pump 
means for operating said second pump means under the 
control of said first pump means, whereby the quantity of 
fluid pumped by said second pump means is in proportion 
to the quantities of the fluids pumped by said first pump 

ea.S. 

3. Pumping apparatus, comprising first pump means 
having a plurality of resiliently flexible tube members for 
pumping a plurality of fluids, respectively, said first pump 
means having means for progressively compressing said 
tube members simultaneously along their lengths for 
punping said fluids therethrough in proportional quanti 
ties, Second pump means for pumping a different fluid 
than said first pump means comprising a container pro 
viding a first chamber for said different fluid, means re 
movably fastened to said container to provide a second 
chamber for said container isolated from said first cham 
ber, and fluid passage means interconnecting one of said 
flexible tube members of said first pump means to said 
second chamber for operating said second pump means 
under the control of said first pump means, whereby the 
quantity of fluid pumped by said second pump means is 
in proportion to the quantities of the fluids pumped by 
said first pump means. 

4. Pumping apparatus, comprising first pump means 
for pumping one liquid and another fluid simultaneously 
in proportional quantities, second pump means for pump 
ing a different liquid, and means interconnecting said two 
pump means for operating said second pump means under 
the control of said one liquid pumped by said first pump 
means, said Second pump means comprising a rigid con 
tainer, non-stretchable and flaccid means separating said 
container into two chambers, said interconnecting means 
connecting one of said chambers to said first pump means 
for receiving said one liquid pumped by said first pump 
means, and outlet means in the other of said chambers 
for discharging liquid therefrom in quantities equal to 
the quantity of said one liquid flowing from said first 
plimp means into said one chamber, whereby the quanti 
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3 
ties of the fluids pumped by said first and second pump 
means are proportional. 

5. Punping apparatus, comprising first pump means 
for pumping one liquid and another fluid simultaneously 
in proportional quantities, second pump means for pump 
ing a different liquid, and means interconnecting said two 
pump means for operating said second pump means under 
the control of said one liquid pumped by said first pump 
means, said second pump means comprising a rigid con 
tainer, means separating said container into two chambers, 
said interconnecting means connecting one of said cham 
bers to said first pump means for receiving liquid pumped 
by said first pump means, and outlet means in the other of 
said chambers for discharging liquid therefrom in quanti 
ties equal to the quantity of said one liquid flowing from 
said first pump means into said one chamber, whereby the 
quantities of the fiuids pumped by said first and second 
pump means are proportional, said separating means be 
ing non-stretchable and substantially completely flaccid 
and freely yieldable to the pressure of said one liquid 
from said first pump means. 

6. Pumping apparatus, comprising first pump means 
having a resiliently flexible tube member for pumping one 
liquid and means for progressively compressing said tube 
member along its length for pumping said one liquid 
therethrough, second pump means for pumping a differ 
ent liquid comprising a rigid container, non-stretchable 
and flaccid means separating said container into a first 
chamber defined by said non-stretchable and flaccid 
means and a second chamber surrounding said first cham 
ber, liquid passage means interconnecting said flexible 
tube member and said first chamber to receive said one 
liquid transmitted through said flexible tube member, and 
outlet means in said second chamber for discharging said 
different liquid therefrom in quantities equal to said one 
liquid flowing from said first pump means into said first 
chamber. 

7. Pumping apparatus, comprising first pump means 
having a resiliently flexible tube member for pumping one 
liquid and means for progressively compressing said tube 
member along its length for pumping said one liquid 
therethrough, second pump means for pumping a differ 
ent liquid comprising a rigid container, means separating 
said container into a first chamber defined by said non 
stretchable and flaccid means and a second chamber sur 
rounding said first chamber, liquid passage means inter 
connecting said flexible tube member and said first cham 
ber to reecive said one liquid transmitted through said 
flexible tube member, and outlet means in said second 
chamber for discharging said different liquid therefrom 
in quantities equal to said one liquid flowing from said 
first pump means into said first chamber, said separating 
means being non-stretchable and substantially completely 
flaccid and freely yieldable to the pressure of the liquid 
from said first pump means. 

8. Pumping apparatus, comprising a proportioning 
pump having a plurality of resiliently flexible tubes for 
pumping a p'urality of fluids in proportional quantities 
through said tubes, respectively, one of said fluids being 
a liquid and pump means in fluid flow communication 
with said tube for said liquid to receive pumped liquid 
from said proportioning pump, said pump means com 
prising a rigid container, non-stretchable and flaccid 
means dividing said container into two chambers, one of 
said chambers being initially a vacuum, means for inter 
connecting said one chamber to said one tube for said 
liquid from said proportioning pump, wherebv said liauid 
from said one tube is pumped into said one chamber dur 
ing the operation of said proportioning pump, said other 
chamber having outlet means for discharging liquid there 
from in quantities which are equal to the quantities of 
said pumped liquid flowing into said one chamber, where 
by said discharged liquid is pumped through said outlet 
means in quantities which are in proportion to the quanti 
ties of the fluids pumped by said proportioning pump. 
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9. Pumping apparatus, comprising a proportioning 
pump having a plurality of resiliently flexible tubes for 
pumping a plurality of fluids in proportional quantities 
through said tubes, respectively, one of said fluids being 
a liquid and pump means in fluid flow communication 
with said tube for said liquid to receive pumped liquid 
from Said proportioning pump, said pump means com 
prising a rigid container, non-stretchable and flaccid 
means insertable into said container for dividing said 
container into two chambers, said non-stretchable and 
flaccid means being formed of fluid-impervious material 
and being freely yieldable to the pressure of the pumped 
liquid from Said proportioning pump, one of said cham 
bers being initially a vacuum, means for interconnecting 
said one chamber to said one tube for said liquid from 
said proportioning pump, whereby said liquid from said 
one tube is pumped into said one chamber during the 
operation of said proportioning pump, said other cham 
ber having outlet means for discharging liquid therefrom 
in quantities which are equal to the quantities of said 
pumped liquid flowing into said one chamber, whereby 
said discharged liquid is pumped through said outlet 
means in quantities which are in proportion to the quan 
tities of the fluids pumped by said proportioning pump. 

10. Pumping apparatus, comprising a proportioning 
pump having a plurality of resiliently flexible tubes for 
pumping a plurality of fluids in proportional quantities 
through said tubes, respectively, one of said fluids being 
a liquid, and pump means in fluid flow communication 
with one of said tube for said liquid to receive pumped 
liquid from said proportioning pump, said pump means 
comprising a rigid container for a liquid and having an 
opening therein, a pump device removably mounted to 
said container and having a bag-like receptacle depending 
therefrom and disposed in said container through said 
opening to form a first chamber within said container 
surrounded by a second chamber formed by said con 
tainer, said pump device having an outlet opening in 
liquid flow communication with said second chamber 
for the passage of liquid from said container and an 
inlet opening in liquid flow communication with said 
first channber for receiving the liquid pumped through 
said tube for said liquid from said proportioning pump, 
said last mentioned tube being connected to said inlet 
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opening, whereby liquid pumped into said bag-like re 
ceptacle from said proportioning pump through said inlet 
opening causes said receptacle to expand and pump a 
quantity of the liquid in said container through said out 
let opening which is equal to the quantity of liquid 
pumped into said bag-like receptacle so that the quantity 
of the liquid pumped by said pump means is in propor 
tion to the quantities of the fluids pumped by said pro 
portioning pump. 

11. Pumping apparatus, comprising a first pump for 
pumping at least one liquid and another fluid simultane 
ously in proportional quantities, a second pump for 
pumping a different liquid, and liquid passage means 
interconnecting said first and second pumps for operating 
said second pump by said one liquid pumped by said 
first pump so that the quantity of the liquid pumped by 
Said Second pump is the same as the quantity of the 
liquid pumped by said first pump, whereby the quan 
tities of the fluids pumped by said first and second pumps 
are proportional. 
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