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lDATE OF RECEIPT .......... : ....................... . BACKGROUND OF THE INVENTION 

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. 

- 6 -



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 
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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. 
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