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BACKGROUND OF THE INVENTION DATE OF RECEIPT

The.- invention relates to the production and maintenance of
predetermined, proportionate mixtures of fluids, and more
specifically to a system and method for producing and maintaining
a proportionately constant mixture of water and foam concentrate,
typically for use in firefighting apparatus.

Direct injection foam concentrate proportioning systems offer
many advantages over the currently used balanced pressure, in-line
eductor and around-the-pump systems. Balanced pressure systems
require ratio controllers which have limits as to flow range, and
which also typically produce an undesirable pressure loss. In-line
eductor systems are limited as to flow range and back pressure
tolerance, and typically cause a pressure loss of 30-40% of inlet
pressure. Due to the fact that eductors will not function if back
ﬁressure exceeds 65-70% of inlet pressure, these systems hust be
carefully matched to the downstream system so that excessive back
pressure will not occur. Their proportioning accuracy is poor if
the inlet pressure varies significantly from the design value.
Around-the-pump systems require readjustments of the proportioning
valve each time the system flow changes, and will not work if pump
inlet pressure exceeds the allowable back pressure of the high
volume Jjet pump used in the system. The around-the-pump
proportioners cannot be used in systems where foam solution is
desired at some system discharge points and water at others.
However, they have considerable utility, especially in aircraft

crash rescue vehicles and municipal pumpers.
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Conventional direct injection systems make use of paddlewheel-
type fleow meters to measure water and foam concentrate flow rates.
The foam concentrate flow rate is then adjusted either manually or
automatically to the desired percentage -of the water flow rate.
Paddlewheel flow meters are affected by, the viscosity of the l'iquid
being measured, thus making it necessary to recalibrate them for
foam concentrates of differing viscosities, and making them
impossible to use with foam concentrates which have non-Newtonian
rheologies. Exemplary systems of this type are described in U.S.
Patent Nos. 4,324,294 and 4,246,969, both issued to McLoughlin et

al., relating to chemical injection systems.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
broportioning system which is not dependent on flow rate or
pressure measurements for producing proportionately constant
mixtures of fluids.

It is a further object of the present invention to provide a
system which produces a proportionately constant mixture of first
and second fluids in accordance with the electrochemical properties
of the fluids being mixed.

It is another object of the present invention to provide a
direct injection proportioning system which performs automatic
injection of foam concentrates into a water stream to produce a
preselected solution percentage based on the conductivity

properties of the water and foam concentrates.
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In accordance with these and other objects, the present
invention provides a system and method for producing a
proportionally constanc mixture of first and second fluids. The
system includes a first supply of the first fluid and a second
supply of the second fluid. A predetermined mixture.ratio of the
first and second fluids is initially selected and its conductivity
characteristics determined for wuse as a set point. The
conductivity characteristics of the first and second fluids are
also measured. The first and second fluids are then mixed in
accordance with their measured conductivity characteristics as
cémpared to the set point so as to produce tﬁe desired
proportionately constant mixture. The proporticonally constant
mixtures of the first and second fluids is then discharged.

Conductivity proportioning is not dependent on flow rate or
éressure as is inherent with conventional ratio contrbllers.
Conductivity will solve the problem of accurate proportioning over
a wide range of flows. Currently available equipment operates with
a turn-down range of approximately 8:1. Thus, the maximum flow of
the device is about eight times greater than the minimum flow. For
example, an exemplary flow range through a three-inch ratio
controller is 150 GPM to 1200 GPM. Many systems need to operate
over a wider range, such as 30 GPM to 1200 GPM or higher. The
prior art necessitates a compromise in proportioning accuracy.
Some systems will proportion less-than-desired percentages (lean)
at low flows (less than standard flow range), while others will

operate at greater than the desired percentage (rich).
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a schematic block diagram of the proportionally
constant mixture system in accordance with the present invention;
and

Fig. 2 shows a schematic block diagram of an alternate
embodiment of the proportionately constant mixture system of the

present invention.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

With reference now to Fig. 1, a proportioning system 10 in
accordance with the present invention is shown. ‘The systen
includes a first supply 12 of a first fluid and a second supply 14
of a second fluid. For purposes of lllustratlon, the first and
second fluids may be foam concentrate and water, respectively. The
foam concentrate and water are driven by conventional meané, e.qg.,
a pump (not shown), along flow paths 13 and 15, respectively. A
control valve 26 is adjustable to provide a predetermined amount of
foam concentrate to be injected into the flow of water so as to
achieve a desired solution. The valve 26 is automatically adjusted
by a valve control unit 28 which receives control signals from a
microprocessor 34. The control of valve 26 may be operated

electromechanically, electropneumatically, or electrohydraulically.

The desired amount of foam concentrate from supply 12 is combined

with the flow of water from supply 14 by a flow combining unit 30.
The mixed solution of foam concentrate and water is thereafter

released from the system by a discharge device 32,
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According to the present invention, the manner in which the
microprocessor 34 adjusts the control mixing valve 26 depends on
measurements of the specific electrochemical properties of the
fluids to be mixed, in this example water and foam concentrates.
Since both water and foam concentrates are electrolytes, their
chemical make-up is such that they have the ability to conduct an
electric current, thus the fluids are conductive. It is therefore
possible to measure the percentage concentration of foanm
concentrate in water by measuring the conductivity of the foam
solution and comparing it to desired predetermined conductivity
values. Thereafter, the mixture ratio is adjusted in accordance
with the compared values.

As shown in Fig. 1, T-connections 16 and 18 are provided along
the flow paths 13 and 15, respectively, for diverting a partial
flow of the fluids to individually adjustable injectors 22a and 22b
of a low capacity duplex metering pump 20. The metering pump 20
preferably has a maximum pumping capacity of about two gallons per
hour for each injector. The adjustable injectors 22a and 22b are
set to desired mixture ratios by an operator, for example 97 parts
water and 3 parts foam or 94 parts water and 6 parts foam, etc.
The ﬁxetering pump draws the desired ratios of water and foam
concentrate from the flow lines 13 and 15 and mixes them together.
The mixed solution of foam concentréte and water is discharged into
a sample reservoir 24. A conductivity probe 36 is installed within
the sample reservoir 24 for measuring the conductivity of the

sample mixtures. The probe 36 thereafter provides a signal to the
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microprocessor 34 indicative of the conductivity measurement. It
will be appreciated that the reservoir 24 may be provide with an
overflow valve (not shown) or a discharge path (not shown) to the
discharge device 32 so that continuous sampling of the water and
foam concentrate may occur. .

Conductivity measurement signals from a conductivity probe 38
located in the foam solution discharge line 31 which makes similar
conductivity measurements of the soiution being discharged at the
discharge device 32, are simultaneously sent to the microprocessor
34. The microprocessor operates to compare the conductivity
measurements of the sample mixture in the sample reservoir 24 and
the mixture of foam concentrate and water which is actually being

discharged by the systen. In response to the results of this

comparison, the microprocessor thereafter generates a control

'signal to the control unit 28 to make appropriate adjustﬁents of

the control mixing valve 26 so that the differences between the
compared measurements of the sample solution in the sample
reservoir 24 and the solution being discharged at discharge 32 are
at least minimized and preferably substantially eliminated. It
will be appreciated by those of skill in the art that the
microprocessor 34 may be programmed so that the required match of
measured conductivity values would be within a range, rather than
an exact number, so as to prevent the control mixing valve from
continuously "hunting”. This range may be adjustable to any degree

of accuracy desired.
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Since the metering pump 20 operates to continuously sample the
foam concentrate and water being mixed, the system 10 is capable of
making instantaneous adjustments to compensate. for changes in the
water source or type of foam concentrate being used. This is most
advantageous in situations where the sypply of foam concentrate may
be refilled during operating with a foam concentrate of a different
brand or type, thus having differing conductivity characteristics
than that of the foam concentrate previously used in the system.
The same is true of the water supply in that different water
supplies may provide water having different conductivity
characteristics. )

It will be appreciated by those of skill in the art that-
modifications of the system 10 as shown in Fig. 1 could be made so

that the system has multiple injection points for the foam

‘concentrate to be mixed with the flow of water, and multible foam

solution discharge devices. The system 10 may be modified such
that each of the multiple injection points includes a dedicated
control mixing valve and discharge conductivity probe.
Conventional microprocessor designs and programs would permit the
operator to select foam solution at certain discharge points and
water at others. Furthermore, the use of muitiple sample
reservoirs may be utilized so that each of the multiple discharge
devices could discharge foam solutions having different mixture
ratios. In addition, the microprocessor 34 may be programmed to
provide a display of the present mixture ratio so that the operator

may manually adjust one or more of the control mixing valves.
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With reference now to Fig. 2, an alternate embodiment of the
present invention is shown as a proportionately constant mixing
system 40. Similar to the system 10 of Fig. 1, the system 40
includes a supply of foam concentrate 12 which is connected by flow
path 13 to a control mixing valve 26.  The control mixing valve
provides a predetermined amount of foam concentrate as determined
by microprocessor 34 which controls the valve control unit 28 for
mixing with a flow of water from supply 14 at the flow combiner
unit 30. The foam concentrate and water solution is discharged
from the system by the discharge device 32.

A ratio selector device 42 is set for a desired proportioning
percentage of foam concentrate and water for storage by the
microprocessor 34. A conductivity probe 44 is disposed along the
flow line 13 from the foam concentrate supply 12 for measuring the
conductivity value of the foam concentrate and providing a signal
indicative of sane ﬁo the microprocessor. Similarly, a
conductivity probe 46 is provided along the water flow line 15 for
measuring the conductivity value of the water and providing the
microprocessor with this value. The microprocessor 34 operates to
compare the measured conductivity values of the water and foam
concentrate with the desired mix ratio percéntage set at the
selector device 42. A determination 1is then made by the
microprocessor of the conductivity value required for the system 40
to yield a solution with the correct proportioning ratio. The
conductivity probe 38 provides the microprocessor with signals

indicative of conductivity measurements of the discharged solution.

|
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The microprocessor 34 thereafter compares the previously determined
conductivity value which is desired with the actual conductivity
value being diggha;ged and provides a control signal to the control
unit 28 for adjusting the control mixing valve 26 in order to
minimize the differences between the compared values, thus

providing a solution with the correct proportioning ratio.

What is claimed is:
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CLAIMS

1. A system'for marntaining a predetermined proportionate
mixture of two fluids flowing along a common path, said systen
comprising: .

means for establishing a set point representative of the
conductivity of said predetermined proportionate mixture;

means for measuring and comparing the conductivity of the
mixture flowing along said path with said set point and for
generating a control signal representative of any difference
therebetween; and i

means responsive to said control signal for adjusting the

proportionate mixture of said fluids in order to minimize said

difference.

2. The system of claim 1 further comprising a means for
mixing a sample mixture of said first and second fluids at a ratio

corresponding to said predetermined proportionate mixture.

3. The system of claim 2 further comprising means for
measuring the conductivity characteristics of said sample mixture

of said first and second fluids.

4. The system of claim 3 further comprising means for
measuring the conductivity characteristics of said predetermined

proportionate mixture.
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5. The system of claim 2, wherein said sample mixing means
comprises a low capacity duplex metering pump and adjustable

injectors associated with each said fluids.

6. The system of claim 4, wherein said measuring means

comprises at least one conductivity probe.

7. The system of claim 1, wherein said adjusting means

comprises an adjustable control valve.

8. The system of claim 1, wherein said measuring and

comparing means comprises a microprocessor.

9. The system of claim 1, wherein said fluids comprise water

and foam concentrate.

10. The system of claim 1 further comprising means for
measuring the conductivity characteristics of each of said fluids

individually.

11. The system of claim 10 further comprising means for
measuring the conductivity characteristics of said predetermined

proportionate mixture. -

12. The system of claim 11, wherein said measuring means

comprises at least one conductivity probe.
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13. The system of claim 12, wherein said means for measuring

and comparing comprises a microprocessor.

14. A method of maintaining a predetermined proportionate
mixture of two fluids flowing along a common path, said method
comprising the steps of:

establishing a set point representative of the conductivity of
said predetermined proportionate mixture:

measuring and comparing the conductivity of the mixture
flowing along said path with said set point and for generating a
control signal representative of any difference therebétween: and

adjusting the proportionate mixture of said fluids in order to

minimize said difference in response to said control signal.

15. A system for producing a proportionately constant mixture
of first and second fluids, said system comprising:

first supply means for providing a supply of said first fluid;

second supply means for providing a supply of said second
fluid;

setting means for setting a predetermined mixture ratio of
said first and second fluids;

measuring means for measuring conductivity characteristics of
said first and second fluids;

mixing means for mixing said first and' second fluids in
accordance with the measured conductivity characteristics so as to

produce said proportionately constant mixture; and
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discharging means for discharging said proportionately

constant. mixture of said first and second fluids.

16. The system of claim 15 further comprising a sample mixing
means for mixing a sample mixture of said first and second fluids

at said predetermined mixture ratio.

17. The system of claim 16, wherein said measuring means
comprises a sample measuring means for measuring the conductivity
characteristics of said sample mixture of said first and second

fluids.

18. The system of claim 17, wherein said measuring means
further comprises a discharge measuring means for measuring the
cbnductivity characteristics of said discharged proportionately

constant mixture of said first and second fluids.

19. The system of claim 18 further comprising control means
for controlling said mixing means in accordance with the
conductivity measurements by said measuring means so as to maintain
said predetermined mixture ratioc in the mixture of said first and

second fluids being discharged.

20. The system of claim 16, wherein said sample mixing means

comprises a low capacity duplex metering pump and adjustable
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injectors associated with each said first and second supplies for

producing. a sample mixture in a sample container.

21. The system of claim 18, wherein said measuring means

comprises at least one conductivity proke.

22. The system of claim 15, Wwherein said mixing wmeans

comprises an adjustable control valve.

23. The system of claim 19, wherein said control means

comprises a microprocessor.

24. The system of claim 15, wherein said first and second

fluids comprise water and foam concentrate.

25. The system of claim 15, wherein said measuring means
comprises first fluid measuring means and second fluid measuring
means for measuring the conductivity characteristics of said first

and second fluids, respectively.

26. The system of claim 25, wherein said measuring means
further comprises a discharge measuring means for measuring the
conductivity characteristics of said proportionately constant

mixture of said first and second fluids being discharged.
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27. The system of claim 26 further comprising control means
for controlling said mixing means in accordance with the
conductivity measurements by said measuring means so as to maintain
said predetermined mixture ratio in the mixture of said first and

second fluids being discharged.

28. The system of claim 27, wherein said measuring means

comprises at least one conductivity probe.

29. The system of claim 27, wherein said control means

comprises a microprocessor.

30. A method of producing a proportionately constant mixture
of first and sécond fluids, said method comprising the steps of:

providing a supply of said first fluid:;

providing a supply of said second fluid;

setting a predetermined mixture ratio of said first and second
fluids;

measuring conductivity characteristics of said first and
second fluids; and

mixing said first and second fluids in accordance with the
measured conductivity characteristics so as to produce said

proportionately constant mixture.
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ABSTRACT

A system and wmethod for producing and maintaining a
predetermined proportionate mixture of two fluids, such as water
and foam concentrate, in accordance with‘conductivity measurements
of the fluids. A set point is established which is representative
of the conductivity of the predetermined proporticnate mixture.
The conductivity of the mixture is measured and compared with the
set point by conductivity probes and a microprocessor. A control
valve 1is continuously adjusted to maintain the predetermined
proportionate mixture in response to control signals- from the
microprocessor in accordance with the comparisons of the

conductivity values.
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BACKCROUND OF THE IMVENTION

The invention relates to the production anq maintenance of
predetermined proportionate mixtures of fluids, and ngore
specifically to a system and method for produéing and maintaining .
a proportionately ccnstant mixture of water and foam concentrate,
typically for use in firefighting apparatus. |

Direct injection foam concentrate proportioning systems offer
many advantages over the currently used balanced pressure, in-line
eductor and around-the-pump systems. Balanced pressure systens
require ratio controllers which have limits as to flow range, and
which also typically produce an undesirable pressure loés. In-line
eductor systems are limited as to flow range anéd back pressure
tolerance, and typically cause a pressure loss of 30-40% of inlet
pressure. Due to the fact that eductors will not function if back
pressure exceeds 65-70% of inlet pressure, these systems ﬁust be
carefully matched to the downstream system sc that excessive back
pressure will not occur. Their propértioning accuracy is poor if
the inlet pressure varies significantly from the design value.
Around-the-pump systems require readjustments of the proportioning
valve each time the system flow changes, and will not work if pump
inlet pressure exceeds the allowable back pressure of the high
volume 3jet pump used in the system. The arocund-the-pump
proportioners cannot be used in systems where foam soiutign is

"desired at some system discharge points and water at others.
However, they have considerable utility, especxally in alrc aft

crash rescue vehicles and municipal pumpers.
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Conventional direct injection systems make use of paddlewheel-
type flow meters to measure water and foam concentrate flow rates.
The foam concentrate flow rate is then adjusted either manually or
automatically to the desired percentage of the water flow rate.
Paddlewheel flow meters are affected by, the viscosity of the liquid
being measured, thus wmaking it necessary to recalibrate then for
focam concentrates of differing viscosities, and making thenm
impossible to use with foam concentrates which have non-Newtonian
rheclogies. Exemplary systems of this type are described in U.s.
Patent Nos. 4,324,294 and 4,246,969, both issued to McLoughlin et

al., relating to chemical injection systems.

AR (0]

It is an object of the present;. invention to provide a
§roportioninq system which is not dependent on flow fate or
pressure measurements for producing proportionately constant
mixtures of f£luids. '

It is a further object of the present invention to provide a
system which produces a proportionately constant mixture of first
and second fluids in accordance with the electrochemical properties
of the fluids being mixed.

It is another ocbject of the present invention to provide a
direct injection proportioning system which performs automatic
injection of foam concentrates into a water streanm to produce a
preselected solution percentage based on the conductivity

properties of the water and foam concentrates.
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In accordance with these and other ocbjects, the present
inventicn provides a system and method for producing a
proportionally constanc mixture of first and second fluids. rhre
system includes a first supply of the first fluid and a second
supply of the second fluid. A predetermined mixture.ratic of the
first an& second fluids is initially selected and its conductivity
characteristics determined for use as a set peint. The
conductivity characteristics of the firét and second fluids are
also measured. The first and second fluids are then mixed in
accordance with their measured conductivity characteristics as
compared to the set point so as to produce t&e desired
proportionately constant mixture. The proportionally constant
mixtures of tMe first and second fluids is then discharged.

Conductivity proportioning is not dependent on flow rate or
éressure as is inherent with conventional ratio ccntrdller;.
Conductivity will solve the problem of accurate proportioning over
a wide range of flows. Currently available equipment operates with
a turn-down range of approximately 8:1. Thus, the maximum flow of
the device is about eight times greater than the minimum flow. For
exanple, an exemplary flow range through a three-~inch ratio
controller is 150 GPM to 1200 GPM. Many systems need to operate
over a wider range, such as .‘;0 GPM to 1200 GPM or higher. The
prior art necessitates a compromise in proporticning accuracy.
Some systems will proportion less-than-desired percentages (lean)
at low flows (less than standard flow range), while others will

operate at greater than the desired .percentage (rich).
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BRIE CRIPTION OF THE ORAWINGS
Fig. 1 shows a schematic block diagram of the proporti&nally
constant mixture system in accordance with the presenc inventioﬁ;
and
Fig. 2 shows a schematic block diagram of an alternate

embodiment of the proportionately constant mixture system of the

present invention.

A RIP N OF H 9 I

With reference now to Fig. 1, a proportioning system 10 in
accordance with the present invention is shown. “The systen
includes a first supply 12 of a first fluid and a second supply 14
of a second f#luid. For purposes of illustration, the first and
second fluids may be foam concentrate and water, respectively. The
foam concentrate and water are driven bjr conventional means;, e.g.,
a punp (not shown), along flow paths 13 and 15, respectively. A
control valve 26 is adjustable to provide a predetermined amount of
foam concentrate to be injected into the ‘flow'of water so as to
achieve a desired solution. The valve 26 is automatically adjusted
by a valve control unit 28 which receives control signals from a
microprocessor 134. The control of valve 26 may be operated
electromechanicaliy, electropneumatically, orelectrohydraulically.
The desired amount of foam concentrate from supply 12 is combined
with the flow of water from supp].&' 14 by a flow combining unit 30.
The mixed solution of foam concentrate and water is thereafter

released frcam the system by a discharge device 32.
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According to the present invention, the manner in which the
microprocessor 34 adjusts the control mixing valve 26 depends on
measurements of the specific electrochemical properties of the
fluids to be mixed, in this example water and foam concentrates.
Since both water and foam concentrates are electrolytes, their
chemical make-up is such that they have the ability to conduct an
electric cur:'rent, thus the fluids are conductive. It is therefore
possible to measure the percentage concentration of foam
concentrate in water by measuring the conductivity of the foam
solution and comparing it to desired predetermined conductivity
values. Thereafter, the mixture ratio is adjusted in accordance
with the compared values.

As shown.n Fig. 1, T-connections 16 and 18 aré provided along
the flow paths 13 and 1S5, respectively, for diverting a partial
flow of the fluids to individually adjustable injectors 22a.and 22b
of a low capacity duplex mefering pump' 20. The metering pump 20
preferably has a maximum pumping capacity of about two ga];lons' per
hour for each injector. The édjustable injectors 22a and 22b are
set to desired mixture ratios by an operator, for example 97 parts
water and 3 parts foam or 94 parts water and 6 parts foam, etc.
The metering pump draws the desired ratios of water and fdanm
concentrate from the flow lines 13 and 15 and mixes them together.
The mixed solution of foam concentrate and water is discharged into
a sample reservoir 24. A conductivity probe 36 is installed within
the sample reservoir 24 for measuring the conductivity of the

sample mixtures. The probe 36 thereafter provides a signal to the
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microprocessor 34 indicative of the conductivity measurement. It
will be appreciated that the reservoir 24 may be provide with an
overflow valve (not shown) or a discharge bath (not shown) to the
discharge device 32 so that continuous sampling of the water and
foam concentrate may occur. .

Conductivity measurement signals from a conductivity probe 38
located in the foam solution discharge line 31 which makes similar
. conductivity measurements of the soiution‘beinq discharged at the
discharge device 32, are simultaneocusly sent to the microprocessor
34. The microprocessor operates to compare the conductivity
measurements of the sample mixture in the.sample reservoir 24 and
the mixture of foam concentrate and water which is actually: being
discharged by the system. In response to the results of this
comparison, the microprocessor thereafter generates a control
signal to the control unit 28 to make appropriate adjustﬁents of
the contrel mixing valve 26 so that the differences between the
compared measurements of the sample solution in the sample
reservoir 24 and the solution being discharged at discharge 32 are
at least minimized and preferably substantially eliminated. It
will be appreciated by those of skill in the art that the
microprocessor 34 may be programmed so that the required match of
measured conductivity values would be within a range, rather than
an exact number, so as to prevent the control mixing valve from
continucusly "hunting". This range may be adjustable to any degree

of ‘accuracy desired.
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Since the metering pump 20 operates to continuously sample the
foam concentrate and water being mixed, the system 10 is capable of
making instantaneous adjustments to compensate for changes iy the
water source or type of foam concentrate being used. This is mogt
advantageous in situations where the supply of foam concentrate zay
be refilled during operating with a foam concentrate of a different
brand or type, thus having differing conductivity characteristica
than that of the foam concentrate previocusly used in the system.
The same is true of the water supply in that different water
supplies may provide water having different conductivity
characteristics. | )

It will be appreciated by those of skill in the art that
modifications' of the systém ;.d as shown in Fig. 1 could be made so
that the system has multiple injection points for the foanm
concentrate to be mixed with the flow of water, and mult:i;ple foan
solution discharge devices. The system 10 may be mcdified such
that each of the multiple injection points includes a dedicated
control mixing wvalve and discharge conductivity probe.
Conventional microprocessor designs and programs would permit the
operator to select foam solution at certain discharge points and
water at others. Furthermore, the use of multiple sample
reservoirs may be utilized so that each of the multiple discharge
devices could discharge foam solutions having different mixture
ratios. In addition, the microprocessor 34 may be programmed to
provide a display of the present mixture ratio so that the operator

may manually adjust one or more of the control mixing valves.
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With reference now te Fig. 2, an alternate embodiment of the
present invention is shown as a propartionately constant mixing
systenm 40. Similar to the system 10 of Fig. 1, the system 40
includes a supply of foam concentrate 12 which is connected by flgw
path 13 to a control mixing valve 26.  The control mixing valve
provides a predetermined amount of foam concentrate as determined
by microprocessor 34 which controls the valve control unit 28 for
mixing with a flow of water from supply 14 at the flow combiner
unit 30. The foam concentrate and water solution is discharged
from the system by the discharge device 32.

A ratioc selector de‘}ice 42 is set for a desired probortioninq
percentage of foam concentrate and water for storage by the
microprocessore34. A conductivity probe 44 is disposed along the
flow line 13 from the foam concentrate supply 12 for measuring t!;e
ccnduétivity value of the foam conc;.entrate and providing a éignal
indicative of same to the microprocessor. Similarly, a
ccnductivity' probe 46 is provided along the water flow line 1S for
measuring the conductivity value of the water and providing the
microprocessor with this value. The microprocessor 34 operates to
compare the measured conductivity values of the water and foanm
concentrate with the ‘desired mix ratio percéntaqe set at the
selector device 42. A détermination is then made by the
microprocessor of the conductivity value required for the systenm 40
to yield a solution with the correct proportioning ratio. The
conductivity probe 38 provides the microproces_sor with signals

indicative of conductivity measurements of the dischdrged solution.
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The microprocessor 34 thereafter compares the previously determined
conductivity value which is desired with the actual conductivity
value being dis\chatged and provides a conirol signal toc the csnzrol
unit 28 for adjusting the control mixing valve 26 in order to
minimnize the differences between the compared values, thus

providing a seclution with the correct proportioning ratio.

what is claimed is:
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CLAIMS

1. A system for ma.ntaining a predetermined proporticnata
mixture of two fluids flowing along a common path, said systen
comprising: - .

means for establishing a set point representative of the
conductivity of said predetermined proportionate mixture:;

means for measuring and comparing the conduct :.v:.ty of the
mixture flowing along said path with said set point and for
generating a control signal representative of any difference
therebetween; and )

means responsive to said control signal for adjusting the

proportionate mixture of said fluids in order to minimize said

difference.

2. The system of claim 1 further comprising a means for
mixing a sample mixture of said first and second fluids at a rati

corresponding to said predetermined proportionate mixture.

3.. The system of claim 2 further comprising means for
measuring the conductivity characteristics of said sample mixture

of said first and second fluids.

4. The system of claim 3 further comprising means for
measuring the conductivity characteristics of said predetermined

proportionate mixture.
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S. The system of claim 2, wherein said sample mixing ceans
comprises a low capacity duplex metering pump and adjustable

injectors associated with each said fluids.

5. The system of claim 4, wherein said wmeasuring means

comprises at least one conductivity probe.

7. The system of claim 1, wherein said adjusting means

comprises an adjust_:able cantrol valve.

8. The system of claim 1, wherein said measixring and
comparing means comprises a microprocessor.
¢
9. The system of claim 1, wherein said fluids conprise water

axid foam concentrate.

10. The system of claim 1 further comprising means for
measuring the conductivity characteristics of each of said fluids

individually.

11. The system of claim 10 further comprising means for
measuring the conductivity characteristics of said prédetermi—ned

proportionate mixture.

12. The system of claim 11, -wherein said neasuring means

comprises at least one conductivity probe.
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13. The system of claim 12, wherein said means for measuring

and comrparing comprises a microprocesscr.

14. A method of maintaining a predetermined propcrtionate
mixture of two fluids flowing along a common path, said rﬁetbcd
comprising the steps of:

establishing a set point r.;epresentative of the conductivity of
said predetermined proportionate mixture:

measuring and comparing the conductivity of the mixture
flowing along said path with said set point and for generating a
control signal representative of any difference therebetween: and

adjusting the proportionate mixture of said fluids in order to

minimize said difference in response to said control signal.

15. A system for producing a proportionately constant mixture
of first and second fluids, said system comprising:

first supply means for providing a supply of said first fluid:

second supply means for providing a supply of said secand
fluid: |

setting means for setting a predetermineci mixture ratio of
said first and second fluids; '

measuring means for measuring ;:onductivity characteristics of
said first and second fluids;

mixing means for mixing said first and. second fluids in
accordance with the measured conductivity characteristics so as to

produce said proportionately constant mixture:; and
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discharging means for discharging said proportionately

constant mixture of said first and second fluids.

16. The systez of claim 15 further comprising a sample mixing
means for mixing a sample mixture of said first and second fluids

at said predetermined mixture ratic.

17. The system of claim 16, wherein said measuring means
comprises a sample measuring means for measuring the conductivity
characteristics of said sample mixture of said first and second

fluids.

18. The«system of claim 17, wherein said measuring means
further comprises a discharge measuring means for measuring the
cbnductivity characteristics of said discharged proportionately

constant mixture of said first and second fluids.

19. The system of claim 18 further comprising control means
for controlling said mixing means in accordance with the
conductivity measurements by said measuring means so as to maintain
said predetermined mixture ratio in the mixture of said first and

second fluids being discharged.

20. The system of claiz 16, wherein said sample mixing means

comprises a low capacity duplex metering pump and adjustable
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injectors associated with each said first and seconc¢ supplies Zcr

producing a sample mixture in a sample container.

21. The system of claim 18, wherein said measuring zeans

comprises at least one conductivity probe.

22. The system of claim 15, wherein said mixing wmeans

comprises an adjustable control valve.

23. The system of claim 19, wherein said contrel means

comprises a microprocessor.

24. The system of claim 15, wherein said first and second

fluids comprise water and foam concentrate.

25. The system of claim 15, wherein said measuring means
_ccmprx.ses first fluid measuring means and second fluid nmeasuring
means for measuring the conductivity characteristics of said first

and second fluids, respectively.

26. The system of claim 25, wherein said measuring means
further comprises a discharge measuring means for measuring the
conductivity characteristics of said proportionately constant

mixture of said first and second fluids being discharged.
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27. The system of claim 26 further comprising control zeans
for controlling said mixing means in accordance with the
conductivity measurements by said measuring means so as to mainzain
said predetermined mixture ratie in thé mixture of said firsc and

second fluids being discharged.

28. The system of claim 27, wherein said measuring means

comprises at least one conductivity probe.

29. The system of claim 27, wherein said control means

comprises a microprocessor.

30. A method of producing a proportionately cﬁnstant mixture
of first and second fluids, said method comprising the steps of:

providing a suypply of said first fluid;

providing a supply of said second fluid;

setting a predetermined mixture ratio of said first and second
fluids:; .

measuring conductivity characteristics of said first and
second fluids; and

nixing said first and second fluids in accordance with the
measured conductivity characteristics so as to produce said

proportionately constant mixture.
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SYSTEM AND METHOD FOR PRODUCING AND MAINTAINING PREDETERMINED
PROPORTIONATE MIXTURES
ABSTRACT

A system and method for producing and maintaining a
predetermined proportionate mixture of twe fluids, such as watar
and foam concentrate, in accordance witn‘ conductivity measurements
of the fluids. A set point is established which is representative
of the conductivity of the predetermined proportionate mixture.
The conductivity of the mixture is measured and compared with the
set point by conductivity probes and a microprocessor. a control
valve is continuously adjusted to maintain the predetermined
proportionate mixture in response to control signals- from the
microprocessor in accordance with the comparisons of the

conductivity values.

FIGURE 1
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CLAIMS: DATE OF RECEIPT ...jofth1 i

1. A systam (10) for maintaining a predetarmined
propartiocnata mixture of £z.rst (12) and second (14) fluids,
said system comprising: .

first mixing means (30) for mixing said fixst and
second fluids ta continuously produce a proportionata
discharge mixture (32);

second mixing means (16,18,20) for wmixing said
first and second fluids to produce a sample mizture (24) at
a yatio corresponding to said predetermined proportionats
mixture; I '
' means for measuring and comparing (34,36,38) the
tonductivity of the discharge mixture with the conductivity
of said sampla mixture, and for gensrat. fng a control signal
reprasentative of any diffsrance therabetween; a.nd

means (26,28) z:espans.we ta said control s:.gnal for
adjusting said first mixing means in order to minimize the
differance between the measured conductivities of said
gample mixture and said discharge mixture.

2, The system of eclaim 1, wherein said meana‘ for
measuring and comparing the conductivity includes first
means (36) for measuring tha conductivity characta::istics
of said sample mixture of said first and second fluids.

3. The system of claim 2, wherein said means for
measuring and comparing thes conductivity further comprises
sacond means (38) for measuring the conductivity
characteristics of said discharge mixturs.
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4. The aystem of claim 3, wherein said first and
sacond measuring means (36,38) comprise at least one

~conductivity pxrobe.

5. The system af claim-l, wharein sald second nixing
means comprises a low capacity duplex metering pump (20) .
and adjustable injectors (a,b) associated with each of said
£luids, '

fi. The syatem ¢f alaim 1, wherein said adjusting meana
comprises an adjustable contxel valve (26).

7.  The system of claim 1, whazein said measuring.and
comparing means comprises a microprocessor (34).

g. Tha system 'af claim 1, whereiln said first and
second fluids comprise watar (1l4) and foam crnrentrata
{12).
3, A method ©of maintaining a predetsrmined
prnpo:ﬁ:icnatn mixturs of £irst and second £luids (12,14),
said methed comprising the steps of:

mixing said first and second £luids to produce a
proportionate discharge mixture; _

mixing sald first and second fluids to produce a
sample, mixture at a ratio corresponding to a predate:_minad
preportionate mixturaj

measuring and comparing the conductivity of tha
discharge mixture with the conductivity of said sample
mixture, and genarating a control signal respresentative of
any difference therebetwasn; and

adjusting, in response to said control signal, said
firgt mixing means in order to minimize the difference
batwean the maasured condnetivities of said sample mixture
and said discharge mixturs.
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10. A system (10) foxr maintaipning a 'grldef.am‘ined
proporticnate mixture of first (12) and second (14) fluids,
said system comprising: ' .

mixing means {30) for mixing said first apd sécor;d
#fluids to continumously produce a proportionata discharge
mixture (32);

means (42,44,46) for establishing a set point °
rapresentative of a desirad conductivity characteristic of
sald first and second fluide which corresponds to said
predetermined proportionate mixture;

-~ means (38,34) for msasuring and camparing the
conductivity of the discharge mixture with the set point, -
and for generxating a control signal representative of any
differance therabetween; and '

means {26,28) responsive to said contral signal for
adjusting said mixing means in order to minimize the
difference between the measured conductivity of said
discharge mixture and said set point.

11, The systen né clain 10, wherein said adjusting
means campriszes an adjustable control valve (26).

12. The system of elaim 10, wherxein said measuring and
comparing means comprises a microprocsssar (34).

13. The gystam of claim 10, wherein said f:i.::st ‘and
second fluids comprisme water (14) and foam concantraca
(12}, ' :

14. The system of claim 10, wherein said establighing
means comprises first measuring means (44,46) for measuring
the conductivity characteristics of each of the f£fluids
flowing along said separate paths (13,15), second measuring
means (38) for measuring the conductivity characteristics of
the predetermined proportionate mixture flowing along said
common path, and means (34) for calculating a conductivity
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value representative of the desired prpportiaonate mixture,

15. ... . The system of claim 10, wherein said sstablishing
means comprises a ratio selsctor device (42). '
16. A omethod of maintaining a predeterminad
proporticnate mixture af f:l.gm: and sacond fluids (12,14},
gaid method comprising the steps of:

mixing said first and second £luids to cantinuously
produgg a propartionate discharge mixture;

egtablishing a set point representative of a
desired conductivity characteristic of said first and.
sacond = f£luids which corresponda to said p:adetamined
proportionate mixture;

measuring and comparing the conductivity of the
discharge mixturs with the set point, and for generating a
control signal <representative of any difference
. therebetween; and '

adjusting said miging in responsa to cdid contral
signal in order to ninimize the diffevence between the '
neasurad conductivity of said discharge mixture and said
sat point.,
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SYSTEM AND METHOD FOR PRODUCING AND MAINTATNING
PREDETERMINED PROPORTIONATE MIXTURE OF FLUIDS
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ABSTRACT

A system and method for producing and maintaining a
predetermined proportionate mixture of two fluids, such as
water and foam concentrate, in accordance with conductivity
measurements of the fluids. A set point is established
which is representative of the conductivity of the
predetermined proportionate mixture. The conductivity of
the mixture is measured and compared with the set point by
conductivity probes and a microprocessor. A control valve
is continuously adjusted to maintain the predetermined
proportionate mixture in response to control signals from

the microprocessor in accordance with the comparisons of the
conductivity values.

FIGURE 1
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SYSTEM AND -METHOD FOR PRODUCING AND MAINTAINING PREDETERMINED
PROPORTIONATE MIXTURES OF FLUIDS

BACKGROUMND OF THE DMVENTION

The invention relates to the production and maintenanca of
predetermined proportionate mixtures of leids, and zore
specifically to a systen and method for prcduc ng and maixztaining
a proportionately ccnstant mixture cof water and fcan concent:;_ate,
typically for use in firefighting apparatus. .
Di:':'ect injection foam concentrate proportioning systems offer
many advanﬁaqes over the currently used bz_tlanced pressure, in-line
eductor and around—t:h_-ggpump systems. Balanced pressure systems
regquire rat:.o control]:'é‘rs which have limits as to flow range, and
- which also typically produce an undesirable pressure 1oss. In-l.me.
eductor systems are lmxted as to flow range and back pressure
tolerance, and typically cause a pressure loss of 30-40% of inlet
pressure. Due to the faét that eductors will not function if back -
pressure exceeds 65-70% of inlet pressure, these systems Dust be
carefully matched toc the downstream system so that excessive back
pressure will not occur. Their proportioning accuracy is poor if
the inlet pressure varies significantly from the design value.
Around-the-pump systems require readjustments of the proportiocning
valve each time the system flow changes, and will not work if pump
inlet pressure exceeds the allowable back pressurs of the high
volume jet pump used in the system. The around-the-pump
proportioners cannot be used in systems where foam écfutign is
desired at some system discharge points and water at others.
However, they have considerable utility, especially in aircraft

crash rescue vehicles and municipal pumpers.
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