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Th~- inv~ntion relates to the production and maintenance of 

pred~termined. pr9portionate mixtures of fluids, and more 

specifically to a system and method for producing and maintaining 

5 a proportionately constant mixture of ~ater 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 

10 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 los~ of 30-4"0% of inlet 

pressure. Due to the fact that eductors will not function if back 

15 pressure exceeds 65-7.0% of inlet pressure, these systems must 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 

20 valve each time the system ftow changes, and will not work if pump 

inlet pressure exceeds the allowable back pressure of the high 

volume jet 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. 

25 However, they have considerable utility, especially in aircraft 

crash rescue vehicles and municipal pumpers. 
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Con~entional direct injection systems make use of paddlewheel­

type flpw me~ers to measure water and foam concentrate flow rates. 

The foam con~entr~te flow rate is then adjusted.either manually or 

automatically to the desired percentage of the water flow rate. 

5 Paddlewheel flow meters are affected by, the viscosity of the liquid 

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. 

10 Patent Nos. 4,324,294 and 4,246,969, both issued to McLaughlin et 

al., relating to chemical injection systems. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 

proportioning system which is not dependent on flow rate or 

15 press~re 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 

20 of the fluids being mixed. 

It is another object of the present invention to provide a 

direct inj action proportioning system which performs automatic -

injection of foam concentrates into a water stream to produce a 

preselected solution percentage based on the conductivity 

25 properties of the water and foam concentrates. 
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In accor.dance with these and other objects, the present 

invention· provides a system and method for producing a 

proportionally constan~ mixture of first and second fluids. rhe 

system includes a first supply of the first fluid and a second 

5 supply of the second fluid. A predetel;"Illined mixture.ratio of the 

first and second fluids is initially selected and its conductivity 

characteristics determined for use 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 

10 accordance with their measured conductivity characteristicz as 

compared to the set point so as to produce the desired 

proportionately constant mixture. The proportionally constant 

mixtures of the first and second fluids is then discharged. 

Conductivity proportioning is not dependent on flow rate or 

15 pressure as is inherent with conventional ratio controllers. 

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 

20 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) 

25 at low flows (less than standard flow range),. while others will 

operate at greater than the desired percentage {rich). 
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BRIEF DES£RIPTION OF THE DRAWINGS 

Fig. 1 ~hows a schematic block diagram of the proportionally 

constant mix~ure ~ystem in accordance with the present invention; 

and 

Fig. 2 shows a schematic bloc~ 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 

10 accordance with the present invention is shown. The system 

includes a first supply 12 of a first fluid and a second supply 14 

of a second fluid. For purposes of illustration, the "first and 

second fluids may be foam concentrate and water, respectively. The 

foam concentrate and water are driven by conventional means, e.g., 

15 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 

20 microprocessor 34. The control of valve 26 may be operated 

electromechanically,electropneumatically,orelectrohydraulically. 

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 

25 released from the system by a discharge device 32. 
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Acco~ding to the present invention, the manner in which the 

microprocess?r 34 adjusts the control mixing valve 26 depends on 

medsurements . of t:-he specific electrochemical .properties of the 

fluids to be mixed, in this example water and foam concentrates. 

5 Since both water and foam concentratirs are electrolytes, tl)eir 

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 foam 

concentrate in water by measuring the conductivity of the foam 

10 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 ~long 

the flow paths 13 and 15, respectively, for diverting a partial 

15 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 

20 water and 3 parts foam or 94 parts water and 6 parts foam, etc. 

The metering pump draws the desired ratios 9f water and foam 

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 

25 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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microprocess~r 34 indicative of the conductivity measurement. It 

will b~ app~eciated that the reservoir 24 may be provide with an 

overflow valye (~ot shown) or a discharge path. (not shown) to the 

discharge device 32 so that continuous sampling of the water and 

s 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 solution being discharged at the 

discharge device 32, are simultaneously sent to the microprocessor 

10 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 

15 ·signal to the contro·1 unit 28 to make appropriate adjustments 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 

20 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 

25 of accuracy desired. 
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Since the metering pump 20 operates to continuously sample the 

foam concen~rate and water being mixed, the system 10 is capable of 

making instar:itane?US adjustments to compensate. for changes iii the 

water source or type of foam concentrate being used. This is most 

5 advantageous in situations· where the s~pply 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 sys·tem. 

The same is true of the water supply in that different water 

10 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 

15 concentrate to be mixed with the flow of water, and multiple 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 microP.rocessor designs and programs would permit the 

20 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 

25 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 inven.tion is shown as a proportionately constant mixing 

system 40. s.imil<l:r to the system 10 of Fig. 1, the syster.i. 40 

includes a supply of foam concentrate 12 which is connected by flow 

5 path 13 to a control mixing valve 26. 
1 

The control mixing valve 

provides a predetermined amount of foam concentrate as deternined 

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 

10 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 

15 conductivity value of the foam concentrate and providing a signal 

indicative of same to 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 

20 compare the measured conductivity values of the water and foam 

concentrate with the desired mix ratio percentage set at the 

selector device 42. A determination is then made by the 

microprocessor of the conductivity value required for the system 40 

ta yield a solution with the correct proportioning ratio. The 

25 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 deternined 

conductivity _value which is desired with the actual conductivity 

~alue being discharged and provides a con~rol signal to the control 
• c:o • 

unit 28 for adjusting the control mixing valve 26 in order to 

5 minimize the differences between th~ compared values, ·thus 

providing a solution with the correct proportioning ratio. 

What is claimed is: 
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CLAIMS 

l 1. A system for ma~ntaining a predetermined proportionate 

2 mixture of two fluids flowing along a common pa.th, said syste?J 

3 comprising: 

4 means for establishing a set point representative of the 

5 conductivity of said predetermined proportionate mixture; 

_6 means for measuring and comparing the conductivity of the 

7 mixture flowing along said path with said set point and for 

a generating a control signal representative of any difference 

9 therebetween; and 

10 means responsive to said control signal for adjusting the 

11 proportionate mixture of said fluids in order to minimize said 

12 difference. 

1 2. The system of claim 1 further comprising a means for 

2 mixing a sample mixture of said first and second fluids at a ratio 

J corresponding to said predetermined proportionate mixture. 

1 J. The system of claim 2 further comprising means for 

2 measuring the conductivity characteristics of said sample mixture 

3 of said first and second fluids. 

1 4. The system of claim 3 further comprising means for 

2 measuring the conductivity characteristics of said predetermined 

3 proportionate mixture. 
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1 5. The system of claim 2, wherein said sample mixing means 

2 comprises a .low capacity duplex metering pump and adjustable 

3 injectors assopiat~u with each said fluids. 

1 6. The system of claim 4, wher;ein said measuring means 

2 comprises at least one conductivity probe. 

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

2 comprises an adjustable control valve. 

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

2 comparing means comprises a microprocessor. 

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

2 and foam concentrate. 

1 10. The system . of claim 1 further comprising means for 

2 measuring the conductivity characteristics of each of said fluids 

3 individually. 

1 11. The system of· claim 10 further comprising means for 

2 measuring the conductivity characteristics of said predetermined 

3 proportionate mixture. 

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

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

2 and comparing comprises a microprocessor. 

1 14. A method of maintaining a predetermined proportionate 

2 mixture of two fluids flowing along ~ common path, said method 

3 comprising the steps of: 

4 establishing a set point representative of the conductivity of 

5 said predetermined proportionate mixture; 

6 measuring and comparing the conductivity of the mixture 

7 flowing along said path with said set point and for generating a 
-

a control signal representative of any difference therebetween; and 

9 adjusting the proportionate mixture of said fluids in order to 

10 minimize said difference in response to said control signal. 

1 15. A system for· producing a proportionately constant mixture 

2 of first and second fluids, said system comprising: 

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

4 second supply means for providing a supply of said second 

5 fluid; 

6 setting means for setting a predetermined mixture ratio of 

7 said first and second fluids; 

8 measuring means for measuring conductivity characteristics of 

9 said first and second fluids; 

10 mixing means for mixing said first and second fluids in 

ll accordance with the measured conductivity characteristics so as to 

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

14 constant.mixture of said first and second fluids. 

1 16. The system of claim 15 further comprising a sample mixing 

2 means for mixing a sample mixture of s~id first and second fluids 

3 at said predetermined mixture ratio. 

1 17. The system of claim 16, wherein said measuring means 

2 comprises a sample measuring means for measuring the conductivity 

J characteristics of said sample mixture of said first and second 

4 fluids. 

1 18. The system of claim 17, wherein said measuring means 

2 further comprises a discharge measuring means for measuring the 

3 conductivity characteristics of said discharged proportionately 

4 constant mixture of said first and second fluids. 

1 19. The system of claim 18 further comprising control means 

2 for controlling said mixing means in accordance with the 

J conductivity measurements by said measuring means so as to maintain 

4 said predetermined mixture ratio in the mixture of said first and 

5 second fluids being discharged. 

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

2 comprises a low capacity duplex metering pump and adjustable 

- 13 -



111111111111111111111111111111 
* C L M S * 

3 injectors associated with each said first and second supplies for 

4 producing. a s~mple mixture in a sample container. 

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

2 comprises at least one conductivity pro~e. 

1 22. The system of claim 15, wherein said mixing means 

2 comprises an adjustable control valve. 

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

2 comprises a microprocessor. 

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

2 fluids comprise water and foam concentrate. 

1 25. The· system of claim 15, wherein said measuring means 

2 comprises first fluid measuring means and second fluid measuring 

J means for measuring the conductivity characteristics of said first 

4 and second fluids, respectively. 

1 26. The system of claim 25, wherein said measuring means 

2 further comprises a discharge measuring means for measuring the 

3 conductivity characteristics of said proportionately constant 

4 mixture of said first and second fluids being discharged. 
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l 27. The system of claim 26 further comprising control means 

2 for cont~olling said mixing means in accordance with the 

3 conductivity measurements by said measuring means.so as to maintain 

4 said predetermined mixture ratio in the mixture of said first and 

5 second fluids being discharged. 

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

2 comprises at least one conductivity probe. 

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

2 comprises a microprocessor. 

1 JO. A method of producing a proportionately constant mixture 

2 of first and second fluids, said method comprising the steps of: 

3 providing a supply of said first fluid; 

4 providing a supply of said second fluid; 

s setting a predetermined mixture ratio of said first and second 

6 fluids; 

7 measuring conductivity characteristics of said first and 

8 second fluids; and 

9 mixing said first and second fluids in accordance with the 

10 measured conductivity characteristics so as to produce said 

11 proportionately constant mixture. 

- 15 -



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 
I 

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. 
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The invention relates to the production anq main-cenanca of 

p:::-e.d~termined proportionate mixtures of f.luids, and ::ore 

specifically to a syste~ and method for producing and cai~taininq. 

a proportionately constant mixture of ~ater and foac concentr~te, 

typically for use in firefighting apparatus. 

Direct injection foam concentrate proportioning systems offer 

many ad~antages 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 ranqe, and 
-which also typically produce an undesirable pressure loss. In-line 

eductor systems are limited as to flow range and back p_ressure 

tolerance, and typically cause a pressure loss of J0-40% of inlet 

pressure. Due to the fact that eductors will not function if back 

pressure exceeds 65-70% of inlet pressure, these systems must be 

carefully matched to the downstream system so that excessive back 

pressure will not occur. Their proportioninq accuracy is poor if 

the inlet pressure varies siqnificantly .from the design value. 

Around-the-pum.p systems require readjustments of the proportioning 

valve each time the system fl:ow chanqes, and will not work if pump 

inlet pressure exceeds the allowable back pressure of the high 

volume jet pum.p used in the system. The around-the-pump 

proportioners cannot be used in sy~tems where foam soluti91) is 

· desired at some system discharc;e points and water at others. 

However, they _have considerable utility, especially in aircraft 

crash rescue vehicles and municipal pumpers. 



2 

Conventional direc~ 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 manuallv or 

automatically to the desired percentage of the water flo..,. rate?. 

Pacdlewheel flow meters are affected by, the viscosity of the liquid 

beinq measured, thus makinq it necessary to recalibrate theo for 

foam concent=ates 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 o.s. 

Patent Nos. 4,324,294 and 4,246,969, both issued to McLaughlin et 

al., relatinq to Chemical injection systems. 

StJM!:!.ARX OF TH£ INYEHTION 

It is an object of the present invention to provide a 

proportioninq 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 el~ctrochemical properties 

of the fluids beinq mixed. 

It is another object of the present invention to provide a 

direct injection proportioninq system which performs automatic -

injection of foam concentrates into a water stream to produce a 

preselected. solution percentaqe based on the conductivity 

properties of the water and foam concentrates. 

REPLACEMENT SHEET 
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!n accordance with these and other objects, the present 

invenc:icn provides a sys1:em and m.ethod for producing a 

proportionally const~n~ mixture of first and second fluids. rhe 

systett 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 use as a set point. The 

conductivity characteristics of the first and second fluids arll 

also measured. The first and second fluids are then mixed in 

accordance with their measu~ed conductivity charC'lcteristic:l as 

compared to the set point so as to produce the desired 

proportionately -constant mixture. The proportionally const~nt 

mixtures of t~e first and second fluids is then discharged. 

Conductivity proportioninq is not ~ependent on flow rate or 

pressure as is inherent with conventional ratio controllers. 

conductivity will solve the problem of accurate proportioninq over 

a wide range of flows. currently available equipment operates ;-tith 

a turn-down ranqe of approximately 8:1. Thus, the maximum flow of 

the device is about eiqht times qreater than the mini.mum flow. For 

example, an exemplary flow ranqe throuqh a three-inch ratio 

controller is 150 GPM to 1200 GPM. Many systems need to operate 

over a wider ranqe, such as JO GPM to 1200 GPM or hiqher. The 

prior art necessitates a comprcmise in proportioninq accuracy. 

Some systems will proportion less-than-desired percentaqes (lean) 

at low flows (less than standard f1ow ranqe), while others will 

operate at qreater than the desired.percentaqe (~ich). 

i-----·-~······· REPLACEMfl'F '.·· 
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BR!Ef DESCRIPTION O~ THE DRAWINGS 

Fiq. l shows a schematic block diaqram of the proportionally 

constant mixture system in accordance with the presar.~ invention: 

and 

F iq. 2 shows a schema tic bloc~ diagram of an alternate 

embodiment of the proportionately constant.mixture system of the 

present invention. 

DETAILED DESCRIPTION OF THE ILLUSTRATED EHBOOIM'£tlTS 

With reference now to Fiq. l, a proportioning system lO in 

accordance with the present invention is shown. The syste?:i 

includes a first supply 12 of a first fluid and ~ second supply l4 

of a second fluid·. For purposes of illustration, the first and 

second fluids may be foam concentrate and water, respec-:ively. The 
. . 
foam concentrate and water are driven by conventional means, e.q., 

a pump (not shown), along flow paths iJ and lS, 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 

aehieve a desired solution. The valve 26 is automatically adjusted 

by a valve control unit 28 which receives control siqnals from a 

microprocessor 34. The control of valve 26 may be operated 

electromechanically, electropneumatically,orelectrohydraulically. 

The desired amount of foam concentrate from supply 12 is combined 

with the flow of water from supply 14 by a flow com.bininq unit 30. 

The mixed solution of foam concentrate and water is thereafter 

released from the system by a discharqe device 32. 

19 AUG 1996 
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Accordinq to the present invention, the manner in whic~ the 

microprocessor J4 adjusts ~~e control mixinq valve 25 depends on 

me<isurements of the specific electrochemical properties of the 

fluids to be mixed, in this example water and foaa concent=~tes. 

since both water and foam concentrat's 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 concentratiQn of foam 

concentrate in water by measurinq the conductivity of the foam 

solution and- comparinq it to desired predetermined conductivity 

values. Thereafter, the mixture ratio is adjusted in accordanco 

with the compared values. 

As shown J.n Fiq. l, T-connections l6 and 18 are provided -a.long 

the flow paths 13 and 15, respectively, for divertinq a partial 

flow of the fluids to individually adjustable injectors 22a anli 22b 

of a low capacity duplex meterinq pump 2·0. The meterinq pump 20 

preferably has a maximum pumpinq capacity of about two gallons per 

hour for each injector. The adjustable injectors 22a and 22~ 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 meterinq pump draws the desired ratios 9f water and foam 

concentrate from the flow lines 13 and 15 and mixes them toqether. 

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 measurinq the conductivity of the 

sample mixtures. The probe J6 thereafter provides a signal to the 
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mic=oprocessor 34 indic~tive of the conductivity measurement. rt 

will be appreciated that the reservoir 24 may be provide ~ith an 

overflow valve (not shown) or a discha.rqe path (not sho~nJ to the 

discharge device 32 so that continuous sampling of the water and 

foam concentrate may occur. 

conductivity measurement signals from a conductivity probe JS 

located in the foam solution discharqe line Jl which makes si~ilar 

conductivity measurements of the solution· being discharqed at the 

discharqe 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· beinq 

discharqed by the system. In response to the results of this 

comparison, the microprocessor thereafter qenerates a control 

signal to the control unit 28 to make appropriate adjustments of 

the control mixinq valve 26 so that the differences between the 

compared measurements of the sample solution in the sample 

reservoir 24 and the solution beinq discharqed at discharqe 32 are 

at least minimized and preferably silbstantially eliminated. It 

will be appreciated by t.i.ose of skill in the art that the 

microprocessor 34 may be proqrammed so that the required matcn of 

measured conductivity values would be within a ranqe, rather than 

an exact number, so as to prevent the control mixinq valve from 

continuously "huntinq". This ranqe may be adjustable to any deqree 

of ·accuracy desired. 

REPLACEMENT SHEET 
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Since the metering pump 20 operates to con~inuously sample the 

foam c~ncentr~te and water beinq mixed, the system lO is c~pable of 

making instantaneous adjustments to compensate for changes ti1 the 

water source or type of foam concentrate being used. This is =cs~ 

advantageous in situations where the s~ply of roam concentrate ~ay 

be refilled during opera~inq with a foam concentrate of a diffe:-ent 

brand or type, thus having differing conductivity characteristic~ 

than that of the foam concentrate previously used in the sys.tern. 

The same is true of the water supply in that different water 

supplies may provide water havinq different conductivity 

characteristics. 

It will be appreciated by those of skill in the art that 

modificationS'of the system ~o as shown in Fig. l could be made so 

that the system has multiple injection points for the foam 

concentrate to be mixed with the flow of water, and multiple foa: 

solution discharqe devices. The system 10 may be modified such 

that each of the multiple injection points includes a dedicated 

control mixinq valve and discharqe conductivity probe. 

conventional microprocessor desiqns and proqrams would permit the 

operator to select foam solution at certain discharqe points and 

water at others. Furthermore, the use of multiple sample 

reservoirs may be utilized so that each of the multiple discharqe 

devices could discharqe foam solutions havinq 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 mixinq valves. 

REPLACEMB'll' StifH 
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With reference now to rig. 2, an alternate ernbodi=ent of the 

cresent invention is sho~n as a proportionately constant mixing 

systam 40. Similar to the system lO of Fig. l, the systet: 40 

includes a supply of foam concentrate 12 which is connec~ed by flo~ 

path lJ to a control mixing valve 26. , The control mixing valve 

provides a predetermined amount of foam concentrate as deter::iined 

by microprocessor 34 whic!l controls the valve control unit 28 for 

mixing with a flow of water from supply 14 at the flow co~biner 

·unit JO. The foam concentrate and water solution is discharqed 

from the system by the discharge device 32. 

A ratio selector device 42 is set for a desired proportioning 

percentage of ·:foam concentrat"e and water for storage by the 

microprocessor1J4. A conductivity probe 44 is disposed along the 

flow line lJ from the foam concentrate supply 12 for measuring the 

conductivity value of the foam concentrate and providing a signal 

indicative of same to t.'1e microprocessor. Similarly, a 

conductivity probe 46 is provided alonq 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 percentage set at the 

selector device 42. A determination is then made by the 

microprocessor of the conductivity value required for the system 40 

to yield a solution with the correct proportioning ratio. The 

conduc~ivity probe 38 provides thEt. microproces~or with siqn~ls 

·. indicative of conductivity measurements of the discharged solution. 

REPLACEMENT SHEET 
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The microprocessor :J4 thereafter compares the pre.viously deter=ined 

conductivity value \Jhich is desired with the actual cond:.:c~~·1ity 

~alue beinq discharged and provides a con~rol signal to the c:r.~rol ... 
unit 28 for adjustinq the control mixinq valve 26 i:i o:-de~ to 

minimize the differences between the • compared values, t!lus 

providinq a solution with the correct proportioninq ratio. 

What is claimed is: 

REPLACEMENT SHF fl 
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1. A system for ma~ntaining a predetermined proporticnata 

mh:tu=e of two fluids flowing along a common pa.th, said syste::i 

comprising: 

means for establishing a set point represent<itive of the 

conductivity of said predetermined proportionate mixture; 

means for measuring and comparinq 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 

means responsive to sa~d control signal for adjusting the 

proportionate ,mixture of said fluids in order to minimize said 
.• 

difference. 

2. The system of claim l furthe~ 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 mixtµre 

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. 

REPLACEMENT SHEEl 
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S. The system of claim 2, wherein said sample aixing ceans 

comprises a low capacity duplex meterinq pump ar.d adjust:.~ble 

injec~ors associateJ with each said fluids. 

6. The system of claim 4, wher,ein said i:easuring means 

comprises at least one conductivity probe. 

7. The system of claim l, wherein said ad.justing means 

comprises an adjustable control valve. 

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

comparing means comprises a microprocessor • 

• 
9. The system of claim l, wherein said fluids co~prise water 

and foam concentrate. 

10. The system of claim l further comprising means for 

measuring the conductivity characteristics of each of said fluids 

individually. 

ll. The system of claim 10 further comprisinq means for 

measuring the conductivity characteristics of said predeter.:iined 

proportionate mixture. 

12. The system of claim ll, ·Wherein said a:ieasurinq means 

comprises at least one conductivity probe. 

REPLACEMENT SHEET 
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lJ. The system of claim 12, wherein said means for measuring 

and compari~q comprises a microprocessor. 

14. A method of maintilininq a predeter.:iined proportionate 

mixture of two fluids flowing alonq ~ common path, said method 

comprising the steps of~ 

esta:blishinq a set point representative of the conductivity of 

said predetermined proportionate mixture: 

measuring a.nd comparing the conductivity of the mixture 

flowing along said path with said set point and for qeneratinq a 
-

control signal representative of any difference therebetween; and 

adjusting the proportionate mixture of said fluids in order to 

minimize saidclifference in response to said control siqnal. 

lS. A system for· producing a proportionately constant mixture 

of first and second fluids, said system comprising: 

first supply means for providinq a supply of said fi::-st fluid; 

second supply means for providinq a supply of said second 

fluid: 

settinq means for settinq a predetermined mixture ratio of 

said first and second fluids: 

measurinq means for measurinq 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 m.ixture: and 

REPLACEMENT SHEET 
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discharqinq means for discharqinq said propor~ionately 

constant mixture of said first and second fluids. 

l6. The systei:z of clai:u lS further comprising a sar.tple mixing 

means for mixinq a sample mixture of s~id first and second fluids 

at said predetermined mixture ratio. 

l 7. The system of claim l6, 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. The1 system of claim 17, wherein said measuring means 

further comprises a discharge measurinq means for measurinq the 

conductivity characteristics of said discharqed proportionately 

constant mixture of said first and·second fluids. 

19. The system of claim 18 further comprising control means 

for controllinq said mixing means in accordance with the 

conductivity measurements by saidmeasurinq means so as to maintain 

said predetermined mixture ratio in the mixture of said first and 

second fluids being discharqed. 

20. The system of clainz 16, wherein said sample 1:1ixinq means 

comprises a low capacity duplex meterinq pump and adjustable 

REPLACEMENT SHEET 
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injec~ors associated ~ith each said first and seconc supplies :er 

~rocucing a sample mixture in a sample container. 

21. The system of claim 18, wnerein said measuring ::eans 

comprises at least one conductivity proqe. 

22. The system of claim 15, wherein said t:tixinq means 

comprises an adjustable control valve. 

23. The system. of claim l9, wherein said cont=ol r.teans 

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 ceasurinq 

means for measuring the conductivity characteristics of said first 

and second fluids, respectively. 

26. The system of claim 25, wherein said measurinq I:teans 

further comprises a discharqe measurinq means for measurinq the 

conductivity characteristics of said proportionately· constant 

mixture of said first and second fluids beinq discharged. 

REPLACEltlEfllT 5»£ET i · 
[ 19 AUG W96 J 



1111111111111111111 11111 fl 1111 
* C L M S * 

15 

27. The system of claim 26 further comprisinq control :eans 

for controlling said mixinq means in accordance with the 

conductivity measurements by said measurinq means so as to mai~:~in 

said predetermined mixture ratio in the mixture of said firs~ and 

second fluids beinq discharqed. 

28. The system of claim 27, wherein said measuring r.:.ea.ns 

cornprises at least one conductivity probe. 

2 9. The system <?f claim 27, wherein said control means 

comprises a microprocessor. 

3 o. A me~od of producinq a proportionately constant mixture 

of first and second fluids, said method comprisinq the steps of: 

providinq a s~pply of said first fluid; 

providinq a supply of said second fluid; 

settinq a predetermined mixture ratio of.said first and second 

fluids; 

measurinq conductivity characteristics of said first and 

second fluids: and 

mixinq said first and second fluids in accordance with the 

measured conductivity characteristics so as to produce said 

proportionately constant mixture. 

REPLACEMENT SMEET l 
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SYS1Bf AND ME'l1D> R>R PIUll:n«; .AND MAINTAINING PREDETERMINED 
PROPORTIONATE MIXTURES OF FIJIIDS. 

ABSTRACT 

A system and method for producinq and maintaining a 

predetermined proportionate mixture of two fluids, such as water 

and foam concentrate, in accordance with conductivity measurements 
I 

of the fluids. A set point is established which is represent~tive. 

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 maiz:itain the predetert1.ined 

proportionate mixture in response to control signals from the 

mic:::oprocessor in accordance with the comparisons of the 

conductivity VJlues. 

FIGURE 1 
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CLAIMS: 

REPLACEMENT SHEE1 
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0 Dravvmg(s) · pa"ed t · i? · c ...•.• o paged ... . . I 

Abstract : paged .!t •. to paged··"" I 
DATE OF RECEIPT ... J'!/.t:(&f"J........ I 

1. A system ( 10) fol: maintaining a pz-iadete:=U.ned 

p.x:apartionate mixture of fi;rst ( 12) and · secciid ( 14} fluids, 

said system comp~ising: 
fi.rst mixinq :zneaiia (30) fa:r: mixinq said first and 

sacand. fluids t.o cont:inucusly pi:aduce a propo:tionata 

discharge mixtw:e (32)7 
second ml.~.nq aeana ( 16, l& / 20) far mixing aa.id 

first and second f1uids to prc:idiicre a •-pl• m.1.xtu:a ( 24) at . ' 
a. ratio corresponding to said predetamint:td propcrtianat• · . 
m.1.xturer 

means fo~ measu=.tnq and ccmp-.rinq {34,36,38) the 

":mduc1:ivity of the dischil.~ge mixt~e with the conductivity 

of said sample mi.xt~e, and fer generat.Z.'-.q a cant;;al signal 

raprasentative of any diff•:•nca the~ebetwean; a.nd 
• • 

means (26, 28) :responsive ta aaid conti:ol. s~gnal fa~ 

a4justing sa.id first mixing- means in Circle:: to JllinWza the 

difference between ~a measm:eti c;oliductivitias of aaid 

sample milttUr& and sa.i.d. discharge -1xture. 

2, Tha system of claim 1, whe:sin said meQ9 far 

maasurinq and comparing the canduct1vity includes f!~at . 
~eans (36) for meaaurinq the con4uctivitf" ~n~acta~istic• 

af said sample mixtu~e of said fi~st and secon4 fluids. 

3. ~h• •ystQnl of claim 2 1 whe;:-ein •a.id means ~or 

measuring and c~pa:.oinq th• ccncl.uctivi ty furthe~ ~omp:Cjises 

s ac::ond means ( .3 9) f Qr maaaa:rinq the co:ietui:t.:L 'l'i ty 

characte~istics of aaid discharge mixture. 
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4 • The ays'Cem of claim 3, whe~ein said first and 
s•cond measuring means ( 36 1 38) comr;u:is• a.t leut one 

.. conductirvi ty p.J:obe. 

s. Th• system a.! cl•ia~i', whi!irein &aid aecond Jlixinq 
means comprises a low capaci~y duplex lll(!tering pump (20) : 
and adjustable injectors ( a,'b) associated with each of &a.id 
fluids, 

6. The syatem cf claim 1, wha:-ein said 9'djusting means - . comprises en ad~~table cantJ:Ol valve (26). 

1. !!!he systam of cl~.ia 1, wha:ein said uieasui:inQ'.·and . 
coniparinq means comprises a mic=ropxaaeaso~ (34) • . 
B. The system ·of claim l, wherein said f~=st and. 
second fluids camp:a:.i.se watt'!lr ( 14) and foam c~nr.entrata 

(12). 

• 
9. A mathcd 'Of maintaining a prada1:~ 
praporticnata mi¥t1l.:a off~•~ anc:t. seoand fluids (12,14], 
said iuethod co~p~isinq tha stapa of 1 

mixing sa.i.d. fil:'&~ and s•~and fluids to pradu.ce a 
p~oporticnata diacha+iB J'li3tu:a1 

na.ixinq said t~st and aacou.4 fluid• to s~aduce a 
' sAZQple, ~~tu:e at a t"atio cori:espcnding to a precf,ete~inad 

proportionate mixt~ra1 
Jllea•llring an4 Qaaipa:a:inq 'tha ccnducti vi ty of the 

discharge mix.tu~ with the conductivity of said amnple 
mi.xtura, and genaratinq a cant.rel signal rapresanta1liv• of 
any dif:•ranca therebatwa•n;, and 

adjusting, in napana• to a~d cont:i:cl sJ.gnal, •aid 
first mixing maana in o:de~ ta ~imisa the difference 

' batwaan 1:ha maasw:ed c:onductivi ti as of a aid sample mi¥t~e 
and said discharge mixt;ura. 
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lQ. A syatq ( 10) :for m•inta.1.tl!nq a prede-t;a;:m:ined 

propoJ:ticnate llli.xture of fil:'st ( 12) .and •econd ( 14) fluids,. 

sal.d system ccmprisinq: 
mixing means { 30) for mixing aa.14 first &;ld •ecorid 

tluida to continuously produce a proportionate 4ischarge 
mixture (32); 

:means ( 42, 44, 46) fa: establiahinq a set paint · 

rep.resantat.ive of a deail:ad 'canductiv.ity cha.rAct:erist.ic of 

said first and second t~\lids which correspond• ta said 

predete:mined praportionata mixture; 
- means (J8 1 34) for uas=inq and cai11puinq the 

conductivity of the discha:ge mix~u::a with the 11at paint, · 

and for generating a ccnt:cl signai re~•aentative of ~ - . 
differanc:e therabetween; and · 

means (26 ,28·) .reapcinsi'V'e tc said ccntJ:cl siqnal fo:c 

adjusting said mixinq means in orde.: tc minimize the 

differenee between the nieasued conductivity of said 

di.schai:qe mi~ura 2'nd Sali.d sat po~~ • 

• 
11. 'rhe sy&t911l of alaim. 10, whe~in said aclju.a1:1nq 

lll9an• camprises an'ad~~stabla cont%'ol Yal•e (26). 

' 12. ~he ay:st• ot clailll 101 whai:ain aal.d ineasu.rinq and 

compa~1ng ~eans ~Qlp~1••• a Jld~rapx-oc••sg~ (34) • 

. 
13. Th• syai:ani at cla.i.Ja 10, whe~i.n 11a.i.d first 'a.net 

second fluids COJltpril9 water ( 14) ancl foam concantrl.'C:8 

(12). 

14. The system of claim 10, wherein said establi.Shing 

means comprises first measuring means (44,46) for measuring 

the conductivity characteristics of each of the 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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valua rep.z:eaentativ• of the clasirad ~part1an.ta in..t.xtura • . 
_15 ....... ~l\e system of cla.iln 10, wha~ein ••id ~sta.bl.ishi.nq 
means coapriaes a ratio s•l•c~~ device ("42). · 

I 

16. A methad of maintaininq a pradaterainad. 
p:apo:d.onate m.ix't.1u:e af t~•t cd sacond fluicta (12,14), 
eaid met.had. caap~i.aing the- atepJS of; 

Jllixi:nq sa1d fil;st: .an4 af;leoncl fluids tc cant:inucu11ly 

produ;sJ a prcpcu:t.tcmat• discharge lllizt1U:8J 

• 

estaJ:tlJ.ahinq a aa~ point :ap~aantativa of a 
desired c:onducti.Y.i.tr cha.:actu.iat1c of &aid first and • 
sacand. fluids whi.ch aouaspands to said predeta~ad 
p:apa=tion&t• a~u~s; 

meaaui:i.ng and compu.t.nq the conductivity 'of the 

disabuge mixt1.trB w.iti'h th• sat po~nt, and for ;ce:a't;S.n' a 
control sigpel. raprasa'Jl~&tiv~ af any di!te~enc:a 

. t:ha:ebatweenF and 
ad~uating said ,mWnq in ra&pQQaa tq c•l.d. cantml 

a·i9nal ·in. ordu to Jd.i.nim!z• · 'th• dLf!amnca baareen th• : 
Af.ta•=acl conductiv.t.t:y al siL\.d diachcge l'IWctU& "114 said 
sa1: poin~. 

IREPlACfMEN!J:.:11·1 
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SYSTBll ARD KBTKOD POR PRODUCDrG AND JIAXHTADIDIG 

PREDB"l'BRMIHED PROPORT:IOHATB KJ:XTO:RB OP PLUD>S 

ABSTRACT 

REPLACEMENT SHEEl 

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 
prede"'!ermined 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. 

F:IGURE 1 
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1 
SYSTEM AND·METHOD FOR PRODUCING AND MAINTAINING PREDETERMINED 

PROPORTIONATE MIXTURES OF FLUIDS 

a.~CKCROUN'D OF THE HJVE?lT!ON' 

The invention relat:es to the produc'1:ion anc! main~=r:anca of 

pred~termined prcport:ionate mixt~res -of ~luids, ar.d ::ore . 
specif ic~lly to a systeQ and method for producinq and cai~taininq 

a proportionately constant mixture of ~ater and foa~ concentrate, 

typicully for use in firefighting apparatus. 

Direct injection foam concentrate proportioning syste~s offer 

many advantages over the currently used balanced pressure. in-line 

eductor and around-t:l'tertpump systems. Balanced pressure systams 

require ratio controlie~s which have limits as to flow ranqe, and 
• .."t 

-
·which also typically prc;>duce a.n undesirable pressure loss. In-line 

eductor systems a.re laited as to flow range and back prassure 

tolerance, and typically cause a pressure los~ of J0-40% of inlet 

pressure. Due to the fact that eductors will not function if back 

pressure exceeds 65-70t of inlet pressure, these systems must be 

carefully matched to the downstream system so that excessive bac.~ 

pressure will not occur. Their proportioninq accu:acy is poor if 

the inlet pressure varies siqnificantly from the Ciesiqn value. 

Around-the-pump systems require readjustments of the proportioninq 

valve each time the system f!ow chanqes, and will not work if pump 

inlet pressure exceeds the allowable back pressure of the high 

volume jet pump used in the system. ~he around-the-pump 

proportioners cannot be used in systelllS where foam soluti~?J is 

desired at some system discharqe points and water at others. 

Hovever, they have considerable . utility, especially in aircraft · 

crash rescue vehicles and municipal pumpers. 

1 ~}.'i)r .·'·(·~1-·."v!"!;1\F SHf;E .. I, 
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