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1. 

HOLDING TANK WITH INTERNALLY 
REINFORCED SIDEWALLS AND LIQUID 

DISPENSER USING SAME 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is continuation of U.S. application Ser. 
No. 13/428,328, filed Mar. 23, 2012, which application was 
published on Sep. 26, 2013, as U.S. Publication No. U.S. 
US2013/024.8538, which application is incorporated herein 
by reference. 

BACKGROUND 

This application relates to liquid holding tanks having one 
or more relatively thin, planar side walls. More particularly, 
this invention relates to liquid holding tanks made of thin 
and flexible materials, the shapes of Such tanks being 
reminiscent of rectangular parallelepipeds. 
As used herein, a parallelepiped is considered to be a 

volume or body bounded by four rectangles and two paral 
lelograms. A rectangular parallelepiped, however, is a par 
allelepiped, all six faces of which are rectangles or Substan 
tially rectangular. A rectangular parallelepiped is also 
considered to be a right prism, the bases of which (top and 
bottom Surfaces) are parallelograms. A cube is a rectangular 
parallelepiped because it is a volume or body bounded by six 
identical squares, the squares being rectangles. 
A problem with holding tanks having thin, flat side walls 

is that such walls tend to bow outwardly when the tank 
contains liquid because of the distributed force exerted on 
the walls by the liquid. As the level of the liquid in the tanks 
rises, the outward deflection of the walls increases. Outward 
deflection of sidewalls used in a rectangular, parallelepiped 
shaped tank can make it difficult to remove the tank from a 
space wherein the nominal tank width is such that it just fits 
into the space. 
The inward deflection of a tank's sidewalls can also be 

problematic. In many liquid holding tanks, the level of the 
upper surface of the liquid held in the tank is used to 
determine the volume held in the tank. The height of the 
upper level also determines the pressure at the bottom of the 
tank. Since most liquid dispensers draw liquid from the 
bottom of the tank, the height of the upper level will 
determine not only the flow rate from the tank but also the 
apparent Volume left in a tank. A liquid holding tank with 
thin walls that are able to be held upright would be an 
improvement over the prior art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a front view of three liquid holding tanks; 
FIG. 2 is a perspective view of the left-hand tank shown 

in FIG. 1; 
FIG. 3 is a cutaway view of the tank shown in FIG. 2 

taken along section lines 3-3; 
FIG. 4 is a perspective view of the center tank shown in 

FIG. 1; 
FIG. 5 is a cutaway view of the tank shown in FIG. 4 

taken along section lines 5-5: 
FIG. 6 is a perspective view of the right-hand tank shown 

in FIG. 1; 
FIG. 7 is a cutaway view of the tank shown in FIG. 6 

taken along section lines 7-7; 
FIG. 8 is a front elevation view of a liquid dispenser 

having holding tanks with reinforced sidewalls; 
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2 
FIG. 9A is an isolated perspective view of a right-hand 

portion of an alternate embodiment of a stringer; 
FIG.9B is a sectional view of a stringer shown in FIG. 

9A; 
FIG. 10 is a sectional view of the right-hand tank shown 

in FIG. 6 with an alternate embodiment of a stringer; 
FIG. 11 is a cross sectional view of a dispenser; 
FIG. 12 is an isolated view of a load cell supporting part 

of a tank in a dispenser, 
FIG. 13 is a graph depicting plots of different polynomial 

functions that model experimentally-determined valve open 
times as a function of liquid level and a user-requested 
Volume, for a dispenser, 

FIG. 14 is a plot of a third-order polynomial representing 
valve open time in seconds as a function of load cell output 
in volts; 

FIG. 15 is a flow chart depicting steps of a method to 
dispense a volume of liquid; 

FIG. 16 is a front elevation view of the liquid dispenser; 
FIG. 17 is a perspective view of the center tank; 
FIG. 18 is a cross section of the center tank taken through 

section line 18-18: 
FIG. 19 is a cross section showing an alternative embodi 

ment of the center tank taken through section line 18-18; 
FIG. 20 is a perspective view of the right-hand tank; 
FIG. 21 is a cross section view of the right-hand tank 

taken through section line 21-21; 
FIG. 22 is a perspective view of the left-hand tank; and 
FIG. 23 is a cross section view of the left-hand tank taken 

through section line 23-23. 

DETAILED DESCRIPTION 

FIG. 1 is a front view of an assembly of liquid holding 
tanks 100. The assembly 100 is comprised of a left-hand 
tank 102, a center tank 104, and a right-hand tank 106. Each 
tank has a top 108 and a bottom 110. 
The left tank 102 and the right tank 106 both have a 

nominal width W.Sub.1, which is less than the nominal width 
W.Sub.2 of the center tank 104. All three tanks have the same 
nominal height, H. All three tanks are the same nominal 
depth, which is considered to extend into the plane of the 
page on which FIG. 1 is drawn. 
The tanks various dimensions and their resultant sizes are 

design choices. The tanks sizes shown in FIG. 1 are for 
illustration purposes only. 

All three tanks are considered to have “thin' sidewalls. 
The side exterior surfaces are also smooth. 
The term “thin' should be considered to mean between 

about 0.4 millimeters (0.015 inches) and about 4 millimeters 
(0.157 inches). The term “smooth' is considered herein to 
mean that the exterior sidewall surfaces are without a 
projection, which if between two tanks would prevent the 
two adjacent sides from making contact with each other. 

Although the sidewalls are thin and thus susceptible to 
outward deflection or bowing when the tanks hold liquid and 
Susceptible to inward deflection or bowing because of manu 
facturing defects or an object pressing inwardly, the side 
walls of the tanks are reinforced to reduce or eliminate 
outward deflection when the tanks hold liquid, and reduce or 
eliminate inward deflection or deformation. The tanks 
shown in FIG. 1 are considered to be “sandwiched against 
each other because the sides of the tanks are in contact with 
each other. They are nevertheless able to freely slide against 
each other, including freely moving vertically relative to 
each other. The left side outside sidewall of the left tank 102 
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and the right side outside sidewall of the right tank 106 
contacts adjacent Surfaces of a refrigerated cabinet, not 
shown in FIG. 1. 
The physical contact between the smooth surfaces of the 

tanks' sidewalls provides an enhanced heat transfer path 
between the tanks, liquids contained inside them and the 
sidewalls of a heated or cooled cabinet, when the tanks and 
a cabinet for them are sized, shaped and arranged to provide 
an intimate contact between them, as shown in the Appli 
cant’s co-pending patent applications. One such application 
is application Ser. No. 12/885,659 filed on Sep. 20, 2010, 
and which is entitled, “Dispenser for Liquids, the entire 
contents of which are incorporated by reference. Another 
application is application Ser. No. 13/169,339, filed Jun. 27. 
2011 and which is entitled “Liquid Dispenser with Storage 
Tanks' The entire contents of that patent application (appli 
cation Ser. No. 13/169,339) are also incorporated herein by 
reference. 
The tank assembly 100 is configured for use in a liquid 

dispenser, by which is meant that the tanks are sized, shaped 
and arranged to be used in a liquid dispenser. Examples of 
Such dispensers can be found in the aforementioned patent 
applications incorporated herein by reference. The sidewalls 
are preferably thin in order to reduce the tanks’ cost but to 
also reduce their weight while maximizing the Volume of 
liquid they can hold in a relatively small refrigerated cabinet. 

FIG. 11 depicts a liquid dispenser apparatus 10 for dis 
pensing specific volumes of liquids. The liquids that can be 
dispensed have viscosities that vary from about 1 centipoise 
to about 7500 centipoise. The dispensable liquids thus 
include low viscosity alcohols, water, juices, moderate vis 
cosity liquids like dairy products such as milk and cream, 
and viscous liquids that include oils including petroleum 
products and syrups. The dispensable Volumes range from 
fractions of a liquid ounce up to Volumes measured in 
gallons. An important feature of the apparatus is that unlike 
prior art dispensers, the apparatus 10 permits an operator to 
manually dispense any volume of liquid and immediately 
thereafter, resume accurately dispensing user-requested 
fixed volumes without losing accuracy of the dispensed 
Volumes. 
The apparatus 10 is comprised of a cabinet 15 having a 

refrigerated upper compartment 20 and an unrefrigerated 
lower compartment 25. The lower compartment 25 encloses 
refrigeration equipment used to keep the upper compartment 
cold. Refrigeration equipment is well known and omitted 
from the figures for clarity. 
The lower compartment 25 encloses a control computer 

30. The computer 30 is preferably embodied as a single-chip 
microcontroller with on-board memory. Such microcon 
trollers are well known to those of ordinary skill in the art. 
Many of them have electrical interfaces on the microcon 
troller which send and receive electrical signals to and from 
other circuitry and devices, not shown but which interface, 
i.e., electrically connect, the computer 30 to peripheral 
devices that include an array of push-button, operator 
actuated dispensing control Switches 35, a dispensing con 
trol valve 40. In alternate embodiments described below, the 
computer 30 is coupled to various devices described below, 
which are used to determine the level of the liquid 45 in the 
tank 50. 

The dispensing valve 40 is a pinch valve. The pinch valve 
40 pinches off, i.e., closes, a flexible dispensing tube that 
extends from the tank 50. The valve is explained more fully 
below and in the Applicant's U.S. Pat. No. 8,376,310 
entitled Pinch Valve, the contents of which are incorporated 
herein by reference in their entirety. 
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In the preferred embodiment, a user can select a particular 

Volume of liquid to dispense by actuating one or more push 
button switches 35 affixed to the front panel 55 of the lower 
compartment 25. Wires 60 connect the switches 35 to the 
computer 30 located in the lower compartment 25. Switch 
closures are detected by the computer 30. Each switch 
requests the computer to dispense a different Volume. The 
particular volume selected by the various switches is a 
design choice. In one embodiment, the Software in the 
computer memory is written to interpret multiple Switch 
closures, whether they are made serially or in parallel, as 
requests for multiple Volumes. By way of example, actuation 
of a 1-ounce switch informs the computer 30 that one ounce 
is requested by a user. Actuation of a 1-ounce Switch 
followed immediately by actuation of a 3-ounce switch, or 
simultaneously with the 3-ounce switch, is construed by the 
computer as a user-request for the delivery of four ounces. 

Switch closures and electrical signals input to the com 
puter 30 from one or more detectors/sensors described 
below enable the computer 30 to calculate a time required to 
open the dispensing valve 40 to dispense a requested Vol 
ume. The valve open time is determined using a requested 
Volume and a real-time, direct measurement of the liquid in 
a tank 50. Except for manually-dispensed volumes, which 
require an operator to manually open the pinch valve, the 
valve open time for each requested amount of liquid to be 
dispensed under software control is considered herein to be 
determined empirically. An empirical determination is con 
sidered to be a determination that is made using sensing of 
the actual amount of liquid in the tank, or the actual level of 
the liquid in the tank, just before the liquid is actually 
dispensed. Unlike prior art devices, the valve open time is 
not determined by counting or accumulating Volumes that 
have been previously dispensed. The valve open time 
required to dispense a particular Volume of liquid is deter 
mined empirically prior to each opening of the pinch valve. 

FIG. 12 is an isolated view of the apparatus 10 showing 
in cross section, details of a shelf 70 that defines the upper 
20 and lower 25 compartments. FIG. 12 shows how the front 
end of the tank 50 pivots on a fulcrum or ridge 75 that 
extends into and out of the plane of the figure and which 
rises upwardly from the top surface of the shelf 70. FIG. 12 
also shows how the back end of the tank 50 is supported on 
one end 80 of a load cell 85 that is cantilevered from an 
opposite end 90 by a bolt driven into the underside of the 
Shelf 70. 
The front end of the tank 50 rests on the fulcrum 75 

formed into the top surface of the shelf 70. The tank 50 is 
thus able to pivot over the fulcrum 75. 
The back or rear end of the tank 50 rests on an elongated, 

upright post 95 that extends downwardly from the underside 
of the tank 50, through a hole 55 formed in the shelf 70, onto 
the cantilevered end 80 of the load cell 85. Since the fulcrum 
75 supports part of the tank’s weight, only a portion of the 
tanks weight is supported by the fulcrum 75. The rest of the 
tanks weight is supported by the second end 80 of the load 
cell 85. 
The portion of the tanks weight that is impressed on the 

load cell 85 causes the load cell 85 to deflect. Load cell 
deflection changes the electrical resistance of a Wheatstone 
bridge circuit that is attached to the load cell 85. Since the 
load cell 85 deflection is proportional to the weight 
impressed on the load cell by the tank 50 and its contents, 
the signal “output from the load cell 85, and which is sent 
to the computer 30 via the connection wires 105, represents 
at least a fractional amount of liquid in the tank 50. 
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In an alternate embodiment, the entire weight of the tank 
and its contents is Supported by one load cell. In one Such 
alternate embodiment, a load cell is located above the center 
of mass for the tank and its contents. A hook is attached to 
load end of the load cell. A liquid tank is suspended from the 
load cell. The entire weight of the tank and its contents is 
thus measured. Other embodiments use two or more load 
cells, with each load cell Supporting a fractional portion of 
the tank. One embodiment uses four load cells at each corner 
of the tank 50 or at each corner of the cabinet 15. In 
multiple-load cell embodiments, the outputs of the various 
load cells are summed by the computer 30 and provide a 
fairly accurate measurement of the entire weight of the tank 
and/or cabinet 15. 
A hinged door 65 provides access to the interior of the 

upper compartment 20 and to the lower compartment 25. In 
one embodiment depicted in FIG. 3, the tank 50 is a rigid bin 
or basin, which holds a flexible bag 115, and which contains 
the liquid 45 to be dispensed. The bag 115 is formed with an 
integral liquid dispensing tube 120. The dispensing tube 120 
extends from the bag 115 through a hole 125 in the bottom 
130 of the tank 50, through a passage 46 formed into the 
shelf and through the pinch valve 40. Wires connect the 
pinch valve 40 to the computer 30. Plastic bags containing 
liquid to be dispensed can be placed into the tank and 
removed from the tank via the door 65. 

To dispense a fixed volume of liquid, a signal from the 
computer 30 instructs a solenoid controlling the valve 40 to 
open, i.e., “unpinch, the tube 120 by actuating the pinch 
valve to an open position. Opening the pinch valve allows 
liquid to run out of the tank through the tube. The tube 120 
is kept unpinched by the computer 30 for a time period that 
is only long enough to dispense the Volume of liquid that 
was requested by a user at the push button switches 35. 
When the time required to keep the valve open has elapsed, 
the pinch valve is closed. In a preferred embodiment, the 
pinch valve is biased by a spring to be normally closed. The 
signal from the computer 30 to the valve solenoid thus holds 
the valve 40 open against the spring. Closing the valve 
simply requires the valve open signal from the computer to 
be shut off. 

The time that the valve must be held open to dispense a 
particular volume of liquid requested by operation of one or 
more Switches essentially depends on the pressure of the 
liquid at the valve 40, just before the valve is opened. The 
pressure of the liquid 45 on the valve 40 depends on the 
depth of the liquid 45 above the valve 40. In the figures, the 
depth of the liquid 40 above the bottom 130 of the tank 
storing the liquid to be dispensed is denoted by the letter D. 
A relatively short but nevertheless additional column of 
liquid exists in the tube that is between the bottom of the 
tank and the pinch valve 40. 

In the preferred embodiment, the depth D of the liquid in 
the tank 50 is determined from a weight measured by the 
load cell 85. As is well known, a load cell is essentially a 
strain gauge in combination with a resistive circuit well 
known to those of ordinary skill in the electrical arts as a 
Wheatstone bridge circuit. When the load cell deforms in 
response to an applied force, the electrical characteristics of 
the Wheatstone bridge circuit change. The electrical char 
acteristics of the Wheatstone bridge can thus be correlated to 
a weight supported by the load cell 85. If the density of the 
liquid is known, and if the geometry of the tank is known, 
the depth of the liquid in a tank can be derived from the 
weight of the tank and contents, or from just the weight of 
the liquid in the tank. 
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6 
In the preferred embodiment, the time that the valve must 

be kept open to dispense a user-requested Volume of liquid 
is determined by evaluating a polynomial that effectively 
correlates a signal obtained from the load cell 85 to the time 
required to open the valve 40 to dispense a requested 
volume. See FIG. 19. In the preferred embodiment, the 
polynomial was experimentally determined to be of the 
form: 

where A, B and C are coefficients and K is a constant; 
X is the load cell output signal and 
y is the valve open time, in seconds. 

In tests of a prototype liquid dispenser having one end of 
the tank 50 supported on a fulcrum 75 and the opposite end 
supported by a load cell 85 essentially as shown in FIG. 11 
and using a pinch valve as described in the aforementioned 
patent, the coefficients required to dispense one ounce of 
liquid from the tank were determined to be: A=-0.0012, 
B=0.0207, C=-0.1444 and K=0.89. 

FIG. 13 depicts plots of a third-order polynomial for three 
different requested volumes from the prototype described 
above. Values along the X axis are different outputs from the 
load cell, typically a D.C. voltage. The y-axis is the time in 
seconds required for the valve to be kept open in order to 
dispense a volume of liquid represented by each curve. 

Each curve in FIG. 13 is the plot of a polynomial for a 
different requested volume. The lowest curve is a plot of the 
polynomial that determines the valve open time for a first 
volume of liquid. The middle curve is a plot of the polyno 
mial that determines the valve open time required to dis 
pense a second volume of liquid, greater than the first 
volume. The top curve is a plot of the polynomial that 
determines the valve open time required to dispense a third 
volume of liquid, greater than the second volume. The three 
polynomials have different coefficients. 
The polynomial that models the required valve open time 

was determined experimentally by measuring Volumes of 
liquid dispensed through a pinch valve when the pinch valve 
was kept open for a given length of time, with different 
measured weights of liquid in the tank, i.e., with differing 
liquid heights. The polynomial thus works to determine 
valve open times required to dispense a Volume of liquid 
from a particular type of tank and having a particular size, 
a particular discharge tube, having particular characteristics, 
e.g., length and inside diameter. The polynomial, which is 
determined experimentally, correlates a measured weight of 
the tank and liquid to a required valve open time, regardless 
of the tank's shape. Using a different tank and/or discharge 
tube requires different polynomials and/or constant to be 
determined, preferably by curve fitting, as was done in the 
preferred embodiment. 

In another alternate embodiment, which avoids comput 
ing a polynomial, the computer 30 reads or is otherwise 
provided with a load cell output voltage. The output voltage 
is used as a pointer into a table, typically stored in RAM, 
EEPROM, ROM or other computer memory device, from 
which the computer 30 can read an amount of time required 
to hold the valve open. If the load cell outputs a voltage that 
is not in the table, e.g., 7.02 volts, software in the computer 
30 rounds the value up or down, as a design choice, to the 
closest value in the table. 

FIG. 14 shows a plot of a polynomial from which the table 
may be generated. The load cell output voltage decreases as 
the liquid in the tank decreases. The valve open time, which 
is the time required to dispense one ounce of liquid, 
increases as the load cell output decreases in response to 
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liquid being depleted from the tank. Additional methods and 
apparatus for determining liquid in a tank are described 
below. 
As mentioned above, the depth D of the liquid determines 

a static pressure at the valve 40. The static pressure at the 
valve 40 determines the flow rate of the liquid 45 through the 
valve 40. The flow rate of the liquid 45 through the valve 40 
determines the time that the valve 40 must be held open to 
dispense a requested Volume (or a requested weight of a 
liquid to be dispensed). The time required to hold the valve 
open to dispense a particular Volume of liquid is therefore 
dependent on the amount of liquid in a tank, prior to opening 
the valve 40 since the amount of liquid 45 in a particular tank 
inherently determines the liquids height therein. The 
experimentally determined polynomial described above is 
thus considered to be one that correlates an amount of liquid 
in a tank to an amount of time required to hold the valve 
open to dispense a requested Volume. Evaluating the poly 
nomial thus inherently includes a determination of a depth of 
the liquid in the tank. A valve open time is thus determined 
empirically, by evaluating the polynomial using for X, the 
signal output from the load cell prior to opening the valve 
and which corresponds to the weight supported by the load 
cell 85. 

FIG. 12 shows in greater detail, how the load cell 85 is 
attached to the underside of the shelf 70 in an embodiment 
to support at least part of the weight of the tank 50, and how 
the front of the tank 50 rests on a ridge or fulcrum 75. One 
end 90 of the load cell 85 is bolted to the underside of the 
shelf 70. A space is shown between the load cell 85 and the 
shelf 70 to illustrate that the load cell 85 is essentially 
cantilevered at the first end 90. 
The second end 80 of the load cell 85 supports a vertical 

post 95. The post 95 extends upwardly from the second end 
80 of the load cell 85, through a hole 55 in the shelf 70 and 
into engagement with the bottom of the tank 50. The load 
cell 85 thus supports at least half the weight of the tank 50. 
As the volume of liquid 45 in the tank decreases, the force 
impressed on the load cell 85 will change accordingly, as 
will the output signal from the load cell 85. Each time that 
a volume is requested by a user, the instantaneous value of 
the load cell output signal is read by the computer 30 and 
used as an input value of X in the polynomial. Evaluation of 
the polynomial using appropriate coefficients will yield a 
value that is the amount of time that the valve should be held 
open to dispense the requested Volume. 

FIG. 2 is a perspective view of the left-hand tank 102. The 
left-hand tank 102 has a substantially planar front face or 
side 200, a substantially planar rear side or face 202 not 
visible in FIG. 2, a substantially planar left side 204, not 
visible, and a substantially planar right side 206. All four 
sides are Substantially planar, i.e., at least their exterior 
Surfaces are flat as well as Smooth, and joined to each other 
by stress-relieving, curved corner sections 208. 

The tanks 102, 104 and 106 have substantially equal-sized 
tops 108. The equal-sized tops 108 makes a tank re-filling 
task equally convenient (or inconvenient), for each tank. 
Providing each tank with an equal-sized top 108, however, 
requires the right-side of the left-hand tank 102 to curve 
rightward near the tanks top. It also requires the left side of 
the right-hand tank 106 to curve leftward near the top. 

Each tank shown in FIG. 1, including the left-hand tank 
shown in FIG. 2 and FIG. 3 has a cover 210 that can also be 
considered to be a top for a tank. The cover 210 is provided 
with a hinged door 212, which allows the tank 102 to be 
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8 
refilled. The door 212 is attached to the cover 210 by a hinge 
and opens by rotation around a hinge pin 214 "rotatably 
attached to the cover 210. 
The term, “rotatably attached' means that the door 212 is 

attached to the cover 210 so that the door 212 can rotate 
along one edge of the cover, about an axis, yet be effectively 
attached to the cover 210. A hinge provides a rotatable 
attachment. 
The front side or face 200, rear side or face 202, the left 

side 204, and the right side 206 are considered herein to be 
walls. As can be seen in the figure, the front wall 200 and the 
rear wall 202 are substantially parallel to each other as are 
the left wall 204 and the right wall 206. Minor deviations in 
the parallelism of the sides are likely to exist at least because 
of manufacturing tolerances. 

Problematic outward deflection and problematic inward 
deflection is eliminated or at least significantly reduced in 
thin-walled liquid holding tanks, such as the tanks shown in 
FIG. 1, by providing sidewalls that oppose each other with 
sidewall reinforcements or stiffeners. The sidewall stiffeners 
described herein extend between the walls, but are located 
inside the exterior surfaces of the sidewalls. They do not add 
or require a projecting fastener outside the tank's sidewalls. 
The sidewall stiffeners, which are referred to hereinafter as 
stringers, are in tension when the tank holds liquid. The 
stringers help to hold the walls rigid and upright, at least 
where they are attached to the sidewalls, and thus maintain 
wall separation distance, at least where they are attached to 
the sidewalls, when the tank holds liquid. 

Except for the cover 210, all four sidewalls, the stringers 
and the bottom 110 are formed by rotational molding or 
“roto-molding.” Rotational molding is also known as spin 
casting and "rotocasting.” It is a process wherein a thin 
walled, two-piece mold is designed to be rotated about two 
perpendicular axes. Rotational molding is able to produce 
hollow parts, including the tanks 102, 104, 106 with side 
wall thicknesses as small as 0.4 millimeters. See, Serope 
Kalpakjian, et al., Manufacturing Engineering and Technol 
ogy, 501-502, Pearson Education, Inc. (2010). 
To mold the tanks using rotational molding, a premea 

Sured quantity of powered plastic material is placed inside a 
tank form or mold. The mold is heated as it is rotated around 
the two perpendicular axes. Rotation of the mold around the 
two axes tumbles the plastic power against the mold. 
Depending on the type of plastic, the heat can either fuse the 
powder or it can melt and coat the mold surfaces. The 
material in the mold eventually solidifies whereupon the 
mold is opened and the molded piece removed from the 
mold. 
By forming the tank using rotational molding, the String 

ers are formed to extend between the sidewalls and are 
formed seamlessly, i.e., without seams. As used herein, a 
seam exists where two pieces are joined together and should 
not be confused with a mold mark And, since the material 
from which the tank and its stringers are formed is continu 
ous or seamless, a stringer is formed integrally with the 
sidewalls during the spin molding process. A stringer is thus 
considered herein to be part of, or formed with the sidewalls. 
The rotational molding process also enables the stringers to 
be formed inside the tank without a projection or protuber 
ance above the outside surfaces of the sidewalls as a 
thru-bolt might require. The thickness of the sidewalls and 
the stringers formed with them are also the same or sub 
stantially the same. The stringers do not require any sort of 
localized sidewall mounting boss or reinforcement that a 
thru-bolt recessed into a sidewall might require. 
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In FIG. 2, the left wall 204 and the right wall 206 are 
reinforced and helped to stay vertical by at least one stringer 
that extends between the sidewalls 204 and 206. FIG. 2 
shows two stringers 220-1 and 220-2. They are formed 
during the same spin casting process during which the 
sidewalls 204 and 206 are formed. The stringers are thus part 
of the sidewalls 204 and 206 that oppose each other. The 
stringers 220-1 and 220-2 are hollow and because they are 
formed during the spin casting process, they are as thin as 
the sidewalls but nevertheless significantly reduce outward 
and inward deflection of the sidewalls 204 and 206. 

FIG. 3 is a cross sectional view of the tank 102 shown in 
FIG. 2 taken through section lines 3-3. FIG. 3 depicts the 
left-side tank shown in FIG.1. The outside surfaces 300 of 
the sidewalls 204 and 206 are depicted as being upright or 
at least Substantially upright, vertical or at least Substantially 
vertical, and planar or at least Substantially planar, i.e., 
without a projection such as a thru-bolt 301 that would be 
required if the sidewalls were to be reinforced or stiffened by 
Such a structure, and Smooth. 

FIG. 3 further depicts a detent 120 that extends into the 
interior of the tank 102 from the bottom 302 near the rear 
wall 202. In the embodiment depicted, the detent 120 
includes a rounded end 122. As described above, when the 
tank 102 is used in a dispenser, the tank may engage a load 
cell in the area near the bottom and rear walls of the tank. 
In an embodiment, the detent 120 may facilitate this engage 
ment. 

The stringers 220-1 and 220-1 are essentially hollow 
elongated cylinders or tubes. They can be seen to be 
“similar to each other. Except for their locations in the side 
walls 204 and 206, the second stringer 220-2 has the same 
or substantially the same attributes of the first stringer 220-1. 

While the stringers 220-1 and 220-2 are essentially tubes, 
which have themselves a sidewall, both stringers have 
cross-sectional shapes reminiscent of a Venturi, when 
viewed along section lines 3-3. The stringers have a rela 
tively large inside diameter at the tank sidewalls 204, 206. 
The Stringers' diameter narrows continuously throughout 
the length of a tapered region 304 of the stringers. The inside 
and outside diameters of the stringers narrows to a constric 
tion, also referred to as an inflection point 306 where the 
stringers inside diameter is most narrow. The relatively 
large taper of the stringers that imbues them with a venturi 
like cross sectional shape is attributable to the draft used in 
the mold from which the tank is made. The larger the draft 
used in a mold the easier it is to remove a molded part. The 
draft of the stringer is preferably between about two degrees 
and twenty degrees to enable the molded tank 102 to be 
easily removed from the mold in which it is formed. 
As used herein, the terms “draft,” “draft angle' and 

"taper” refer to an angle of a surface relative to a reference, 
typically vertical or horizontal, which is provided to a mold 
to enable of a part from the mold after the part has solidified. 
The ease with which a molded object can be removed from 
a mold depends in part on the draft angle used in the mold. 
Draft angles can be Small for molded metals, e.g., slightly 
greater than one (1) degree, however, draft angle are usually 
larger for molded plastics. The draft angle us usually mea 
sured with respect to a vertical line or axis but can be 
measured relative to a horizontal line or other reference line. 
Those of ordinary skill in the art will recognize that the 

tanks can be made from separately-molded tank halves that 
are mirror “images of each other or substantially mirror 
images of each other. Tanks formed from separate halves are 
joined together after being molded by heating or an adhe 
S1V. 
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A hollow stringer 220 reduces the weight and thus the cost 

of the tanks but an additional benefit of a hollow stringer is 
that air can flow through the open space inside the hollow 
stringer. Air inside a stringer can enhance heat transfer into 
or out of a liquid inside the tank. By way of example, air 
inside a stringer 220 that is cooler than the stringer material 
309, or that is cooler than liquid inside the tank will absorb 
heat. Air in a stringer 220 that is warmer than the stringer 
material 309 or warmer than liquid in the tank will transfer 
heat into the stringer and thus into the liquid in the tank. A 
stringer is thus considered to also be a heat exchanger. 

Despite the fact that the stringers 220-1 and 220-2 are 
integrally formed with the sides, are continuous and seam 
less, for purposes of claim construction, the stringers 220-1 
and 220-2 are considered herein to have opposing first and 
second ends, 310 and 312 respectively. The lower or first 
stringer 220-1 has a first end 310 located at but also forming 
part of the left-hand wall 204; a second end 312 is located 
at but also forming part of the right-hand wall 206. Similarly, 
the upper or second string 220-2 has a first end 310 located 
at and forming part of the left-hand wall 204 and a second 
end 312 located at and forming part of the right-hand wall 
206. The stringers are preferably formed to be substantially 
orthogonally, i.e., at a right angle to the sidewalls that they 
reinforce. 

In FIG. 2 and FIG. 3 the stringers 220-1 and 220-2 are 
vertically separated from each other. The distance between 
the Stringers is considered to be a stringer separation dis 
tance 312. The stringer separation distance is selected to 
keep the center line 314 of each stringer 220 equidistant or 
Substantially equidistant in a vertical direction, i.e., above or 
below, a geometric point or location on the sidewalls 204 
and 206, which is considered herein to be a “centroid' for 
each side 204 and 206. 
The geometric center of the sides, i.e., the centroid in each 

wall, is identified by reference numeral 230. The stringer 
separation distance 312 is considered herein to be the 
distance between a geometric axis or center line 314 of each 
of the two stringers. In one embodiment of a holding tank 
with internally-reinforced sidewalls, the wall stiffener is 
located between the sidewalls at the centroids of each wall. 
In preferred embodiments, wherein multiple stiffeners are 
used, the stiffeners can be spatially separated from each 
other and located in the sidewalls to be equidistant or 
substantially equidistant from the centroid 230 in order to 
equalize the retention force provided by each stringer. In an 
alternate embodiment, two or more stringers are horizontally 
separated from each other in the sidewalls to be at the same 
level or distance from the bottom 110 of the tank but on 
either side of the centroid 230. In yet another embodiment 
having four stringers, two of the four stringers being located 
as shown in FIG. 3, two other stringers being laterally 
separated from each other on either side of the centroid 230 
and at the same distance from the bottom 110. 

FIG. 4 is a perspective view of the center tank 104 shown 
in FIG. 1. As with the tank shown in FIG. 3, the walls are 
upright, Substantially planar and have exterior Surfaces that 
are substantially smooth. The center tank 104 has a front 
wall 400 and an opposing rear wall 402. Similarly it has a 
left-hand wall 404 and an opposing right-hand wall 406. The 
four walls, 400, 402, 404 and 406 are substantially planar 
and joined to each other by stress-relieving, curved corner 
sections 408. The opposing left and right sidewalls 404 and 
406 are held substantially upright with smooth exterior 
surfaces 410. Their outward and inward deflection is 
reduced or eliminated by two stringers 440-1 and 440-2, 
both of which are hollow to allow air to flow in and through 
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them, both of which extend between the two opposing 
sidewalls 404 and 406. As with the stringers 220-1 and 
220-2 depicted in FIGS. 2 and 3, the stringers 440-1 and 
440-2 are also formed together with the sidewalls and are 
thus continuous and seamless with the sidewalls, i.e., the 
stringers are formed integrally with the rest of the tank. 
The center tank 104 is shown in cross section in FIG. 5, 

which is a cross section through section lines 5-5. The center 
tank 104 is also formed by rotational molding. As with the 
stringers used in the left-hand tank, the Stringers 440 used in 
the center tank are preferably located in the sidewalls so that 
they are vertically above and below and equally separated 
from what is considered herein to be a centroid or geometric 
center 430 for the left side wall 404 and the right-hand wall 
406. Alternate embodiments include a tank with laterally or 
horizontally separated Stringers located on either sides of the 
centroid 430. 

FIG. 5 further depicts a detent 120 that extends into the 
interior of the tank 104 from the bottom near the rear wall 
602. In the embodiment depicted, the detent 120 includes a 
rounded end 122. As described above, when the tank 104 is 
used in a dispenser, the tank may engage a load cell in the 
area near the bottom and rear walls of the tank. In an 
embodiment, the detent 120 may facilitate this engagement. 
As used herein, the centroid is considered to be a geo 

metric center of the side walls. The actual location of the 
centroid will vary depending upon the geometry of the 
sidewalls. 

For purposes of claim construction, the walls of each tank 
are thin but nevertheless have two opposing Surfaces 
referred to as “interior' and "exterior' surfaces. As shown in 
FIG. 5, which is a cross-sectional view of the middle tank 
104 shown in FIG. 4, a first interior surface 450 faces into 
the tank; a second exterior surface 452 faces outwardly. Both 
Surfaces are preferably smooth. 
The right-side wall 406 is also thin and it too has opposing 

surfaces 454 and 456. A first, interior surface 454 of the 
right-side wall 406 faces into the tank; a second opposing 
exterior surface 456 is smooth and faces outwardly. 
A first portion 458 of a wall stiffener or “stringer 440 

extends into the tank 104 from the left-side wall 404. The 
first portion 458 is tapered and has a length 460 that extends 
into the interior 462 of the tank 104. A second portion 464 
of the stiffener 440, which is also tapered, extends inwardly 
from the interior surface 454 of the right side wall 406. The 
second portion 464 has its own length 466, which is pref 
erably equal to the first length 460. The length 460 of the 
first portion 458 is measured from the vertical, internal 
center line 470 of the tank 104 to the internal Surface 450 of 
the left side 404. The length 466 of the second portion 464 
is measured from the internal center line 470 to the internal 
surface 454 of the right side 406. While the lengths 460 and 
466 are depicted in FIG. 5 as being equal or at least 
Substantially equal, the lengths of the portions of the string 
ers can in fact be different from each other. As with the 
stringers 220-1 and 220-2, air can flow into and through the 
stiffeners 440-1 and 440-2 shown in FIGS. 4 and 5. 

FIG. 6 is a perspective view of the right-hand tank 106 
shown in FIG.1. As with the other two tanks, the right-hand 
tank 106 has four walls, 600, 602, 604 and 606, joined to 
each other by stress-relieving curved sections 608. The front 
wall 600 and the opposing rear wall 602 are substantially 
planar, and parallel to each other. The left wall 604 and the 
right wall 606 are planar, have exterior surfaces 610 that are 
smooth and which are substantially parallel to each other. 
Two stringers 660-1 and 660-2 that extend inwardly from the 
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12 
sidewalls resist outward and inward deflection of the side 
walls when the tank is filled or partially filled with liquid, not 
shown. 

Reference numeral 630 identifies the location of a cen 
troid or geometric center of the sidewalls 604 and 606. The 
stringers 660-1 and 660-2 extend inwardly from the left 
hand wall 604 and inwardly from the right-hand wall 606, as 
they do with the other two tanks described above. 
The right-hand tank 106 is shown in cross section in FIG. 

7. As with other tanks described above, the tank 106 shown 
in FIGS. 6 and 6 and the included stringers 660-1 and 660-2 
are formed by rotational molding. The stringers 660-1 and 
660-2 are preferably located in the sidewalls 604 and 606 so 
that they are above and below and equally separated from a 
centroid 630 for the left side wall 604 and the right-hand 
wall 606, in order to evenly distribute the sidewall retaining 
forces they provide to the sidewalls. 

FIG. 7 further depicts a detent 120 that extends into the 
interior of the tank 106 from the bottom near the rear wall 
602. In the embodiment depicted, the detent 120 includes a 
rounded end 122. As described above, when the tank 106 is 
used in a dispenser, the tank may engage a load cell in the 
area near the bottom and rear walls of the tank. In an 
embodiment, the detent 120 may facilitate this engagement. 

For purposes of claim construction, two more sidewall 
reinforced tanks, such as the three sidewall-reinforced tanks 
102, 104 and 106 shown in FIG. 1, are considered herein to 
be an assembly of reinforced liquid holding tanks. Each tank 
has at least two opposing sidewalls, the exterior Surfaces of 
which are preferably smooth, nominally parallel to each 
other and separated from each other by a separation distance 
substantially equal to the width, w, of the tank. The sidewalls 
of a tank are kept substantially parallel to each other by at 
least one wall stiffener that extends inwardly from, and 
between the two opposing sidewalls. The stiffener is a 
structure that is formed as part of the opposing sidewalls or 
which is attached to or joined to the sidewalls such that the 
stiffener does not require a protuberance above the exterior 
surface of a tank sidewall providing the exterior surface of 
the sidewall with a smooth surface. The fact that the side 
walls are smooth and kept vertical or substantially vertical 
reduces and can even eliminate friction between adjacent 
tanks in a cabinet. That the sidewalls are Smooth can also 
enhance heat transfer between tanks, the sidewalls of which 
are in contact with each other or with the interior sidewalls 
of a temperature-controlled cabinet such as a refrigerator. 
A liquid dispenser with liquid holding tanks having rein 

forced sidewalls as described above, the tanks of which are 
able to move vertically with respect to each other even while 
they contain liquid, can be realized by combining the tanks 
described above with a refrigerated liquid dispenser as 
described in the Applicants co-pending patent application 
having U.S. patent application Ser. No. 13/169,339, filed 
Jun. 27, 2011 and which is entitled “Liquid Dispenser with 
Storage Tanks' The entire contents of that patent application 
(application Ser. No. 13/169,339) are therefore incorporated 
herein by reference. When two or more reinforced tanks as 
described above are used in a liquid dispenser, Such as the 
one described in U.S. patent application Ser. No. 13/169, 
339, one advantage is that the friction between the sides of 
adjacent tanks is reduced because the sides of the tanks are 
kept upright. An additional advantage is realized by the 
stringers' facilitating heat transfer between air inside the 
hollow stringers of the different tanks that are aligned with 
each other and temperature-controlled sidewalls of a cabi 
net. Aligned hollow stringers form a heat exchanger, which 
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is effectively located inside the tank and effectively 
immersed in liquid in the tank. 

FIG. 16 is a front elevation view of the liquid dispenser 
1100. A first tank 112 is positioned to the left side of a center 
tank 114. A right side tank 116 is positioned to the right side 
of the center tank 114. The left side tank 112 has a width 
1202; the center tank 114 has a larger width 1204. The right 
side tank 116 has a width identified by reference numeral 
1206. The combined widths 1202, 1204 and 1206 fit within 
the width 1110 of the refrigerated compartment 1108. Each 
of the tanks 112, 114 and 116 has a dispensing tube 1208 that 
extends downwardly from the tank through a pinch bar of a 
pinch valve 1210. 
One example of a pinch bar and pinch valve is disclosed 

in the applicant's U.S. Pat. No. 8,376,310 and entitled Pinch 
Valve. The content of said patent is incorporated in its 
entirety herein by reference. 

Another example of a pinch bar and pinch valve is 
disclosed in the applicant's U.S. Pat. No. 8,636,176 and is 
entitled Liquid Dispenser Pinch Valve. The content of said 
application is also incorporated in its entirety herein by 
reference. 

FIG. 17 is a perspective view of the center tank 114. The 
center tank 114 is one of three tanks sized, shaped and 
arranged to fit within the width 1110 of the refrigerated 
interior compartment 1108 of the dispenser 1100. The center 
or middle tank 114 can be seen in FIG. 17 as having a shape 
Substantially the same as a rectangular parallelepiped or 
cuboid. A parallelepiped is a six-faced polyhedron all of the 
faces of which are parallelograms and lying in pairs of 
parallel planes. 
The center tank 114 has a bottom wall or surface 401, a 

back side or wall 403, a front side or face 405, a right side 
409, an opposing left side 1407, and a top 408. A small 
cylinder 410 can be seen projecting downwardly from the 
bottom 401. The cylinder 410 is a drain for the tank 114. 
Liquid stored in the tank 114 flows through the cylinder 410 
into a dispensing tube 1208 into which the cylinder 410 is 
inserted. The cylinder 410, which is preferably formed of the 
same material as the tank 114, is protected from breakage by 
two legs 424 that extend downwardly from the bottom 401 
of the tank 114. 

Except for the top 408, the tank 114 is molded. The 
corners 412 are thus rounded imbuing the side walls 403, 
405, 407 and 409 with an uninterrupted connection or union 
between them. The rounded corners 412 and the side walls 
403, 405, 407 and 409 can thus be considered as a continu 
ous side wall or as four separate side walls separated by the 
rounded corners 412. 
The top 408 has incorporated within it opening 324 and a 

cover 330. The cover 330 is hinged 416 to the top 408 by 
which the cover 330 can be rotated around the hinge 416 
between an opened and closed position. 

The opening 324 has a width 420 and a length or depth 
418. The product of the depth 418 and the width 420 is 
Substantially equal to the open area through which a liquid 
can be poured into the tank 114 to refill it. 
As used herein, the term, 'Substantially equal” means that 

in one embodiment, a cover for one opening will fit the other 
openings with a fit or seal, the tightness of which is 
Substantially the same between them, regardless of the tank 
volumes. In another embodiment, “substantially equal 
means that the areas of the openings in the different tanks 
vary by less than about ten percent (10%) regardless of the 
tank Volumes. Stated another way, one opening in one tank 
is not more than ten percent larger or Smaller than another 
opening in another tank. In another embodiment, “substan 
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tially equal” means that the areas of the openings vary by 
less than about twenty percent (20%) regardless of the tank 
Volumes. One opening in one tank is not more than twenty 
percent larger or Smaller than another opening in another 
tank. In yet another embodiment, the openings are 'substan 
tially equal” if the areas of the openings vary by less than 
about thirty percent (30%) regardless of the tank volumes. 
The tank 114 has a width 422 defined herein as the 

separation distance between the right side 409 and the left 
side 407. In the embodiment shown, the right side 409 and 
the left side 407 are both substantially vertical and parallel 
to each other almost completely from the bottom 401 to the 
top 408. The width is identified in FIG. 4 by reference 
numeral 422. It can be seen that the width 420 of the opening 
324 is less than the width 422 of the tank itself 114. The 
reduced width 420 of the opening 324 is due in part to an 
arcuate, by which is meant, curved like a bow, or an 
otherwise curving transition section 414A and 414B on the 
right side 409 and the left side 407. The transition sections 
or transition portions reduce the width of the tank 114 from 
its nominal width identified by reference numeral 422 to the 
width 420 of the opening 324. The transition sections 414A 
and 414B of the middle tank 114 thus reduce the width 
dimension 422 of the tank at or near the top of the tank 114 
because the transition sections or portions are complemen 
tary to each other. 
The transition sections 414A and 414B are considered 

herein to be complementary because they are shaped to be 
mirror images of each other. By way of example, the right 
side transition section 414A has a curvature that transitions 
or moves the right side wall 409 inwardly or toward the left 
side wall 407. The left side transition portion 414B has a 
curvature that moves or transitions the left side of the tank 
407 inwardly or toward the right side 409. The right side 
transition section 414A and the left side transition section 
414B move the respective sides an equal distance inwardly. 
The transition sections are thus considered to be comple 
ments of each other. 

FIG. 18 is a cross section of the center tank 114 taken 
through section lines 18-18. The transition sections 414A 
and 414B have inwardly curving sections 502 relatively 
straight intermediate sections 503 and outwardly curving 
sections 504. The transition sections 414A and 414B thus 
have a cross-sectional shaped serpentine in nature or bous 
trophedonic. 

FIG. 19 is another cross-sectional view of the middle tank 
114 taken through section lines 18-18, but showing an 
alternate embodiment of the transition sections 414A and 
414B. In FIG. 19, the transition sections are depicted as 
substantially straight lines inclined at angles 81 and 82 
relative to horizontal. The relatively straight transition por 
tions 414A and 414B are thus considered to be angular in 
shape, the term “angular meaning forming an angle. 

FIG. 20 is a perspective view of the right-side tank 116. 
The tank 116 has bottom 700, a rear side or face 702, a front 
side or face 704, a right side 706, a left side 707 and top 708. 
The cylinder 710 is a drain for the right side tank 116. As 
with the center tank 114, liquid stored in the right-side tank 
116 flows through the cylinder 710 into a dispensing tube 
1208 into which the cylinder 710 is inserted. The cylinder 
710, which is preferably formed of the same material as the 
tank 116, is protected from breakage by two legs 730 that 
extend downwardly from the bottom 700 of the tank 116. 
The tank 116 has width measured just above the bottom 

700 that is identified by reference numeral 722. A width at 
the top 708 is identified by reference numeral 720. As shown 
in the figure, the top width 720 is significantly greater than 
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the bottom width 722. The increased width at the top 720 
over the bottom 722 is due to a transition portion identified 
by 714. The transition portion 714 of the right side tank 116 
increases the width of the tank to be substantially equal to 
the width 420 at the top 408 of the middle tank 114. 

FIG. 21 is cross-sectional view of the right side tank 116 
taken through section lines 21-21. The transition portion 714 
has an outwardly curving section 801 connected to a Sub 
stantially straight intermediate section 803, which is fol 
lowed by or connected to an inwardly curving section 805. 
The transition section 714 for the right hand side tank 116 
can thus also be characterized as serpentine or boustrophe 
donic. 

Referring again to FIG. 20, it can be seen that the opening 
326 and the top 708 also has an area determined by the 
product of the depth 718 by the width 720. As shown in FIG. 
8 an FIG. 16, the area of the openings in both the center and 
right-hand side tanks 114 and 116, respectively, are the same 
which is due to the fact that the transition areas for the 
middle tank 114 squeeze or reduce the width of that tank 
while the transition section 714 of the right-hand tank 116 
enlarges or increases the width 722 of the right-hand tank 
116. It can also be seen that the depth 726 of the right-hand 
tank 116 is substantially equal to the depth 426 of the center 
tank 114. The top portions of both tanks are thus substan 
tially equal in as much as the width of the top 408 of the 
center tank 114 is substantially equal to the width 720 of the 
top 708 of the right-hand tank 116. 

FIG.22 is a perspective view of the left-side tank 112. The 
tank 112 has a bottom 901, a rear side or face 903, a front 
side or face 905, a right side 912, a left side 907 and top 916. 
The tank 112 has width measured just above the bottom 901 
that is identified by reference numeral 922. A width at the top 
916 is identified by reference numeral 920. As shown in the 
figure, the top width 920 is greater than the bottom width 
922. This is a similar situation as occurs with the right side 
tank. The increased width of the left side tank at the top 920 
over the bottom 922 is due to a transition portion identified 
by 914. The transition portion 914 of the left side tank 112 
increases the width of the tank to be substantially equal to 
the width 420 at the top 408 of the middle tank 114. 

FIG. 23 is cross-sectional view of the left side tank 112 
taken through section lines 10-10. The cylinder 910 is a 
drain for the right side tank 112. As with the center tank 114 
and the right-side tank 116, liquid stored in the left-side tank 
112 flows through the cylinder 910 into a dispensing tube 
1208 into which the cylinder 910 is inserted. The cylinder 
910, which is preferably formed of the same material as the 
tank 112, is protected from breakage by two legs 930 that 
extend downwardly from the bottom 900 of the tank 112. 
The transition portion 914 has an outwardly curving 

section 1002 connected to a substantially straight interme 
diate section 1003, which is followed by or connected to an 
inwardly curving section 1004. The transition section 914 
for the left hand side tank 112 can thus also be characterized 
as serpentine or boustrophedonic. 

Referring again to FIG. 22, it can be seen that the opening 
326 and the top 908 also has an area determined by the 
product of the depth918 by the width920. As shown in FIG. 
8 and FIG. 16, the area of the openings in both the center and 
left-hand side tanks 114 and 112, respectively, are the same 
which is due to the fact that the transition areas for the 
middle tank 114 squeeze or reduce the width of that tank 
while the transition section 914 of the left-hand tank 112 
enlarges or increases the width922 of the left-hand tank 112. 
Again, this situation is similar concerning the right-side 
tank. It can also be seen that the depth 926 of the left-hand 
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tank 112 is substantially equal to the depth 426 of the center 
tank 114. The top portions of both tanks are thus substan 
tially equal in as much as the width of the top 408 of the 
center tank 114 is substantially equal to the width 920 of the 
top 908 of the left-hand tank 112. 
The left side tank 112 is a mirror image of the right-side 

tank 116. Stated another way, the left-side tank 112 has a 
width 1202 near its bottom that is increased or enlarged by 
a transition section 1212 that is a mirror image of the 
transition section 1214 for the right-side tank 116. The 
left-side tank 112 can thus be considered a third tank. It has 
a top portion with a width Substantially equal to the top 
portion width of the first tank 116. Similarly the left-side 
tank 112 has a bottom having a width Substantially equal to 
the bottom of the right-side tank 116. The left side tank 112 
has opposing side walls and front and back walls all four of 
which are attached to the bottom and which extend upwardly 
to the top. 

All three tanks 112, 114 and 116 have input inlets or ports 
described above and identified by reference numeral 322, 
324, and 326 the shape and areas of which are substantially 
identical. In an embodiment, those inlet ports are inclined at 
an angle relative to horizontal to facilitate refilling the tanks. 
In a preferred embodiment, the inlet ports 322, 324 and 326 
are inclined at the same angle. However, alternate embodi 
ments include inclining those inlet ports at different angles 
relative to each other. 

Configuring the tanks and input ports 322,324 and 326 to 
have the shape as shown is contrary to common sense and 
non-obvious for at least two reasons. First, molding or 
assembling the tanks to have transition sections adds cost. 
Second, as can be seen in FIGS. 21 and 23, when the tanks 
112, 114 and 116 are removed from the compartment 1108, 
the left-side tank 112 and the right-side tank 116 are made 
Somewhat unstable by their enlarged openings. The enlarged 
input ports 322 and 326 for the left-hand tank 112 and the 
righthand tank 116 extend sideways outside or beyond the 
foot prints of the bottoms 700 and 901 of the tanks. If the 
left-hand tank 112 or the right-hand tank 116 is refilled 
outside the compartment 1108, pouring a liquid into one of 
the input ports 322 and 326 can create a downward force on 
transition sections 714 and 914 that creates a torque around 
the corresponding inside edges 709 and 909 of the bottoms 
of the tanks, which will tend to tip the tanks over thus 
rendering them somewhat difficult to use. When the tanks 
are inside the compartment 1108 however, they are held 
together as an assembly, which prevents either one of them 
from tipping over during refilling. 

Those of ordinary skill in the art will recognize that the 
transition sections 414A and 414B on the middle tank 114 
opened downwardly, which is to say the portions of the 
transition sections closest to the top 408 are closer to each 
other than the portions of the transition sections that are 
attached to or connected to the side walls 407 and 409. The 
transition section 714 for the right-side tank 116 and the 
mirror image transition section 914 for the left-side tank 112 
open upwardly, which is to say the top section of the 
right-side tank 708 is wider than the bottom section. In 
addition, the top section of the left-side tank 916 is also 
wider than the bottom section. 

Those of ordinary skill in the art will also recognize from 
FIG. 8 and FIG. 16 that the transition section 714 and its 
adjacent transition section 414A are complements of each 
other. The transition section 714 on the right-side tank 116 
transitions the left-side side wall 707 outwardly, whereas the 
right-hand transition section 414A of the middle tank 114 
transitions the side wall 409 inwardly. Similarly, the transi 
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tion section 914 on the left-side tank 112 transitions the 
right-side wall outwardly, whereas the left-hand transition 
section 414B of the middle tank 114 transitions the side wall 
407 inwardly. 

In one embodiment, the covers 328, 330 and 332 are 
pivotally attached to the top covers. However, in an alternate 
embodiment the covers 328,330 and 332 can be pivotally 
attached to the side walls of the tanks. 

In FIG. 8, reference numeral 800 identifies the liquid 
dispenser identified by reference numeral 100 in the afore 
mentioned co-pending application Ser. No. 13/169,339. A 
left-hand tank 802, a center tank 804 and a right-hand tank 
806 are provided with hollow stringers, 808, 810 and 812 
respectively and which are aligned to each other vertically 
and horizontally (into and out of the plane of the figure) Such 
that air can flow between them. Heat energy in the air that 
is inside the stringers can be absorbed into sidewalls 814 and 
816 when such sidewalls are refrigerated. Conversely, heat 
energy in heated sidewalls 814 and 816 can be transmitted 
into the air inside the stringers from which it will flow into 
the tanks. The stringers 808, 810 and 812 act as heat 
exchangers with respect to air and liquid in the tanks 802. 
804 and 806. In FIG. 8, heat energy is represented by small 
arrows drawn to show heat being dissipated into air inside 
the stringers 808, 810 and 812. Heat energy is also depicted 
as flowing through sidewalls of the tanks into the sidewalls 
814 and 816 of the dispenser 800. 

While the preferred embodiment of a tank and stiffener is 
formed by rotational molding, in an alternate embodiment, 
a tank can be formed from joined-together molded halves. In 
such a tank, each of the halves has a stiffener embodied as 
cone-shaped, inwardly-directed projection, Such as the cone 
shaped projection 900 depicted in FIG. 9 as extending 
inwardly from a tank sidewall 902. The projection 900 is 
tapered 904 with a flange 906 at the distal end 908. The 
flange 906 provides a surface that can be joined by heat or 
adhesive to a mating Surface on a similar projection from the 
opposite side of the tank. Alternate and equivalent embodi 
ments include non-cone shaped inwardly-directed projecting 
portions. Alternate and equivalent embodiments also include 
inwardly-directed projections that are of unequal lengths. 

FIG. 10 depicts a cross sectional view of yet another 
embodiment of a thin-walled rectangular liquid holding tank 
601. The particular tank 601 shown in FIG. 10 is shaped to 
be used on the right-hand side of the tank assembly shown 
in FIG. 1. A top portion 605 of the left-hand side 609 of the 
tank 601 has an elbow or curve 607 that conforms to the 
shape of the right-hand side of the center tank 104. 

Unlike the tanks described above, the tank 601 shown in 
FIG. 10 is molded without a stiffener or stringer. Stated 
another way, the stringers in the tank shown in FIG. 10 are 
not formed as part of the tank side walls during a molding 
process. Solid or semi-solid, cylindrical wall stiffeners 620 
and 612 are instead added to the interior of the tank 601 after 
the tank 601 is molded. The after-molding stringers are 
preferably added to the tank by being placed therein through 
the top 603 of the tank, which can be removed. One or more 
sidewall stiffeners are then placed inside the tank and 
attached to the sidewalls. 

In FIG. 10, a top stiffener 620 has a length L that fits just 
inside the side walls 604 and 606. The top stiffener 620 is 
attached to the sidewalls 604 and 606 using a common 
mechanical fastener Such as a screw 622. 
A bottom stiffener 622 having the same length as the top 

stiffener 620 is attached to the side walls 604 and 606 by 
either by a localized heating of the stiffener 622 and side 
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wall, an ultrasonic weld 614 between the stiffener and 
sidewall or an adhesive 616 or both welding and an adhesive 
or heat and an adhesive. 
Whether the tanks are formed by rotational molding or by 

assembling the tanks in halves or by other methods, the wall 
stiffeners described above are considered herein to be tubes. 
A tube need not have a circular cross section. A tube that 
forms a wall stiffener can have non-circular cross-sectional 
shapes, the tube cross-sectional shape being the cross 
sectional shape orthogonal to the center line or axis 314, as 
shown in FIG. 3. 
The wall stiffeners referred to above as a stringer, pro 

vides an internally-located reinforcement to sidewalls of a 
holding tank for liquids. The stringers in the embodiments 
depicted in FIGS. 1-9 are considered to be connected or 
attached to the sidewalls, even though the stringers formed 
by rotational molding are integrally formed as part of the 
sidewalls during a molding process. 
The stringers are considered herein as “extending 

between the walls. They maintains a tank width by opposing 
outward-directed force caused by liquid inside the tank and 
inward deflection that can be caused by manufacturing 
differences or outward forces applied to the tank sidewalls. 
When the assembly of tanks is disposed inside of a cabinet, 
Such as a refrigerated dispensing cabinet described in the 
co-pending patent application identified above, or as shown 
in FIG. 8, the reinforced sidewalls of the liquid holding tanks 
allow the tanks to be individually refilled or emptied without 
having them deform in response to liquid inside one or more 
of them. The reinforcement also helps keep the sidewalls 
rigid and as shown in the figures, upright, so that measure 
ment of the volume inside the tanks determined by the level 
of the liquid can be made more accurately. 
The foregoing description is for purposes of illustration 

only. The true scope of the invention is set forth in the 
following claims. 
The invention claimed is: 
1. A liquid holding tank comprising: 
a bottom; 
a first side wall connected to the bottom; 
a second side wall connected to the bottom and opposite 

the first side wall, a first tank width defined between the 
first side wall and the second side wall; 

a tank top defined between a first top edge and a second 
top edge, the first top edge generally in vertical align 
ment with the first side wall, and the second top edge 
located away from the second side wall in a direction 
away from the first side wall; and 

a first rigid stringer extending between the first and 
second side walls, the first rigid stringer maintains the 
first and second side walls substantially vertical and 
substantially parallel. 

2. The liquid holding tank of claim 1, wherein the first 
rigid stringer is comprised of first and second tapered 
regions and first and second ends, the first and second 
tapered regions converging to a center of the liquid holding 
tank, the first and second tapered regions each having an 
annular cross section, and the first end of the first rigid 
stringer is connected to the first side wall and the second end 
of the first stringer is connected to the second side wall. 

3. The liquid holding tank of claim 1 further comprising 
a cover that extends over the tank top and at least partially 
encloses the first top edge and the second top edge. 

4. The liquid holding tank of claim 3, further comprising 
a door rotatably attached to the cover, the door selectively 
operable to occlude or expose an opening into an interior of 
the liquid holding tank. 
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5. The liquid holding tank of claim 1 further comprising: 
a rear wall connected to the bottom, the first side wall, and 

the second side wall; and 
a detent formed in the bottom and the rear wall, the detent 

extending from the bottom and the rear wall into an 
open interior of the liquid holding tank. 

6. The liquid holding tank of claim 5, wherein the detent 
further comprises a rounded top end. 

7. The liquid holding tank of claim 1 further comprising 
a drain extending downwardly from the bottom, the drain 
configured to dispense liquid from the liquid holding tank. 

8. The liquid holding tank of claim 7, further comprising 
at least one leg extending downwardly from the bottom at a 
location about the first drain. 

9. The liquid holding tank of claim 1, further comprising 
a second rigid stringer extending between the first and 
second side walls, wherein the second rigid stringer main 
tains the first and second side walls substantially vertical and 
substantially parallel. 

10. The liquid holding tank of claim 9, wherein the first 
side wall and the second side wall each have a geometric 
center and wherein the first and second rigid stringers extend 
between the first and second walls at first and second stringer 
locations, the first and second stringer locations being 
equally spaced apart from the geometric centers of the first 
and second side walls. 

11. A liquid dispenser comprising: 
a cabinet having an interior compartment, the interior 

compartment having an interior width: 
a first tank disposed within the interior compartment and 

having a first volume, the first tank comprising a 
bottom a first side wall connected to the bottom, a 
second side wall connected to the bottom and opposite 
the first side wall, a first tank width defined between the 
first side wall and the second side wall, the first tank 
comprising a tank top defined between a first top edge 
and a second top edge, the first top edge generally in 
vertical alignment with the first side wall, and the 
second top edge located away from the second side 
wall in a direction away from the first side wall, and the 
first tank comprising a first rigid stringer extending 
between the first and second side walls, the first rigid 
stringer maintains the first and second side walls Sub 
stantially vertical and Substantially parallel; and 

a second tank disposed within the interior compartment 
and having a second Volume, the second tank compris 
ing a bottom a third side wall connected to the bottom, 
a fourth side wall connected to the bottom and opposite 
the third side wall, a second tank width defined between 
the third side wall and the fourth side wall, the second 
tank comprising a tank top defined between a third top 
edge and a fourth top edge, and the second tank 
comprising a second rigid stringer extending between 
the third and fourth side walls, the second rigid stringer 
maintains the third and fourth side walls substantially 
vertical and substantially parallel. 

12. The dispenser of claim 11, wherein the first tank 
comprises a rear wall connected to the bottom of the first 
tank and the second tank comprises a rear wall connected to 
the bottom of the second tank, and further comprising: 

a first detent formed in the bottom and the rear wall of the 
first tank, the first detent extending from the bottom and 
the rear wall into an open interior of the first tank; and 

a second detent formed in the bottom and the rear wall of 
the second tank, the second detent extending from the 
bottom and the rear wall into an open interior of the 
second tank. 
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13. The dispenser of claim 11, further comprising: 
a first drain extending downwardly from the bottom of the 

first tank, the first drain configured to dispense liquid 
from the first tank while the first tank is located in the 
cabinet; 

at least one first leg extending downwardly from the 
bottom of the first tank at a location about the first 
drain; 

a second drain extending downwardly from the bottom of 
the second tank, the second drain configured to dis 
pense liquid from the second tank while the second 
tank is located in the cabinet; and 

at least one second leg extending downwardly from the 
bottom of the second tank at a location about the second 
drain. 

14. The dispenser of claim 13, further comprising: 
a first pinch valve connected to the cabinet, the first pinch 

valve operable to receive a first flexible tube extending 
from the first drain, 

a second pinch valve connected to the cabinet, the second 
pinch valve operable to receive a second flexible tube 
extending from the second drain; and 

a controller connected to the first pinch valve and the 
second pinch valve, wherein the controller operates the 
first pinch valve and the second pinch valve to selec 
tively occlude or release the first flexible tube and the 
second flexible tube to dispense a volume of liquid 
therethrough. 

15. The liquid dispenser of claim 14, further comprising: 
a first load cell connected to the cabinet and at least 

partially extending into the interior compartment and 
engaging the first tank to measure at least a partial 
weight of the first tank and liquid in the first tank; 

a second load cell connected to the cabinet and at least 
partially extending into the interior compartment and 
engaging the second tank to measure at least a partial 
weight of the second tank and liquid in the second tank; 

wherein the controller operates the first pinch valve and 
the second pinch valve based in part upon the at least 
partial weights measured respectively by the first load 
cell and the second load cell. 

16. The liquid dispenser of claim 11, wherein a first tank 
top width between the first top edge and the second top edge 
is Substantially equal to a second tank top width between the 
third top edge and the fourth top edge. 

17. The liquid dispenser of claim 16, wherein the second 
tank width is greater than the first tank width, the first tank 
top width is greater than the first tank width, and the second 
tank top width is less than the second tank width. 

18. The liquid dispenser of claim 17, wherein the third top 
edge is located away from the third side wall in a direction 
towards the fourth side wall, and the second side wall and 
the second top edge correspond to the third side wall and the 
third top edge. 

19. The dispenser of claim 18, wherein the first side wall, 
second side wall, third side wall and fourth side wall are 
each thin, Substantially planar, Substantially vertical, and 
have Smooth outside Surfaces. 

20. The dispenser of claim 11, wherein the first rigid 
stringer is hollow and open between a plane of the first wall 
and a plane of the second wall, the second rigid stringer is 
hollow and open between a plane of the third wall and a 
plane of the fourth wall, the first rigid stringer is aligned with 
the second rigid stringer and the first and second rigid 
stringers are configured to exchange heat between air inside 
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the first and second rigid stringers and at least one of liquid 
and air inside the first and second tank. 
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