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CONTROLLER RELATED APPLICATIONS [0001]This application claims priority under 35 U.S.C. 119
to United St@2@poligi8hal Patent Application No. 61/009.864 filed on JanRERAB22008013e entire
contents of which is incorporated herein by referente. BACKGROUND [0002]Fire trucks, lire boats,
military equipment. and stationary fire suppression systems are used to extinguish large industrial fires
and will typically have water discharge lines coupled to a large capacity pump where the discharge
lines vary in size from those feeding a water cannon capable of delivering over 1,000 gallons per
minute to hand lines used in mopping-up operations that may deliver under 20 gallons per minute.
FOAM PROPORTIONING SYSTEM WITH LOW-END CONTROLLER

RELATED APPLICATIONS

[0001] This application claims priority under 35 US.C. § 119 to United States
Provisional Patent Application No. 61/009,864 filed on January 3, 2008, the entire contents

of which is incorporated herein by reference.
BACKGROUND

[0002] Fire trucks, fire boats, military equipment. and stationary fire suppression
systems are used to extinguish large industrial fires and will typically have water discharge
lines coupled to a large capacity pump where the discharge lines vary in size from those
feeding a water cannon capable of delivering over 1,000 gallons per minute to hand lines

used in mopping-up operations that may deliver under 20 gallons per minute.

" [0003] One of the most significant advancements in the field of fire fighting has come
through the use of chemical foamants specifically formulated to augment the fire fighting
ability of water. Foam injection systems have been designed to introduce liquid chemical
foamant concentrate into a water stream being directed at a fire. A key advantage to using
such foams is the dramatic reduction in the time required to extinguish fires. It has been
demonstrated that Class A foam is from five to ten more times more effective as a fire
suppressant than water alone. Utilizing foam, fires are extinguished faster and with
substantially less water damage. The foam proves to be an effective barrier, preventing fire
from spreading and protecting adjacent structures. As is set out in the United States Reissue
Patent No. 35,362 issued to Arvidson et al. (“the Arvidson Reissue patent™), the teachings of
which are hereby. incorporated by reference, it is desirable to have a foam injection system
that is capable of automatically proportioning the foam additive in the concentration required
for the specific fire-fighting problem. The Arvidson Reissue patent describes a system that
is readily suited to residential fires, automobile fires, and those applications, where water

flow rates tend to be below 1,000 gallons-per-minute.
SUMMARY

[0004] Some embodiments of the invention provide a foam proportioning system, which

can inject a liquid foam concentrate into at least one discharge line. The foam proportioning



[0003]One of the most significant advancements in the field of fire fighting has come through the use
of chemical foamants specifically formulated to augment the fire fighting ability of water. Foam injection
systems haYeh¥/ Hi8d¥ned to introduce liquid chemical foamant concent®Ed/#$308%0feTostream
being directed at a fire. A key advantage to using such foams is the dramatic reduction in the time
required to extinguish fires. It has been demonstrated that Class A foam is from five to ten more times
more effective as a fire suppressant than water alone. Utilizing foam, fires are extinguished faster and
with substantially less water damage. The foam proves to be an effective barrier, preventing fire from
spreading and protecting adjacent structures. As 5 set out in the United States Reissue Patent No.
35,362 issued to Arvidson et al. ("the Arvidson Reissue patent"), the teachings of which are hereby,
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end positioqggoygeq]zggﬁ)mno qu%foam pump. The divert can direct a portion of the flow of the liquid
foam concentraté downstream of the foam pump back through the foam pump. The controller, which

can be in co ' mwﬁ&@ﬁﬁﬁuﬁﬁ%&mme divert, can be configured to automatically

maintain a minimum flow rate o am concentrate through the foam pump. BRIEF
DESCRIPTI[(BOI})IS?F THE DRAWINGS

A is a schematic diagram of a foam proportioning system including a

divert according to one embodiment of the invention.

{0006] FIG. 1B is a schemalic diagram of the foam proportioning system of FIG. |A

including multiple water discharge lines according to another embodiment of the invention.

[0007] FIG. 2A is a graph of a demand of a liquid foam concentrate requested by the

foam proportioning system according to one embodiment of the invention.

[0008] FIG. 2B is a graph of a liquid foam concentrate flow rate of a foam pump of the

foam proportioning system according to one embodiment of the invention.

[0009] FIG. 2C is a graph of a flow rate through the divert of the foam proportidning
system in order to fulfill the demand of FIG. 2A according to one embodiment of the

invention.

[0010] FIG. 3A is a graph of a varying demand of the liquid foam concentrate requested

by the foam proportioning system according to one embodiment of the invention.

{0011}] FIG. 3B is a graph of the flow rate of the foam pump resulting from the demand
of FIG. 3A.

[0012] FIG. 3C is a graph of a flow rate through the divert of the foam proportioning
system in order to fulfill the demand of FIG. 3A according to one embodiment of the

invention.



[0005]FIG. IA is a schematic diagram of a foam proportioning system including a divert according to
one embodiment of the invention. [0006]FIG. | B is a schematic diagram of the foam proportioning
system of FWX PROHEM§Ag multiple water discharge lines according to ano#feF/ ERBefddadt of the
invention. [0007]FIG. 2A is a graph of a demand of a liquid foam concentrate requested by the foam
proportioning system according to one embodiment of the invention. [0008]FIG. 2B is a graph of a
liquid foam concentrate flow rate of a foam pump of the foam proportioning system according to one
embodiment of the invention. [0009]FIG. 2C is a %raph of a flow rate through the divert of the foam
proportioning
[0013] FIG. 4 is a flow chart of a method of operating the divert according to one

embodiment of the invention.
DETAILED DESCRIPTION

[0014] Before any embodiments of the invention are explained in detail, it is to be
understood that the invention is not limited in its application to the details of construction
and the arrangement of components set forth in the following description or illustrated in the
following drawings. The invention is capable of other embodiments and of being practiced
or of being carried out in various ways. Also, it is to be understood that the phraseology and
terminology used herein is for the purpose of description and should not be regarded as
limiting. The use of “including,” “comprising,” or “having™ and variations thercof herein is
meant to encompass the items listed thereafter and equivalents thereof as well as additional
items.  Unless specified or limited otherwise, the terms “mounted,” “connected,”
“supported,” and “coupled™ and variations thereof are used broadly and cncompass both
direct and indirect mountings, connections, supports, and couplings. Further, “connected”

and “coupled” are not restricted to physical or mechanical connections or couplings.

[0015] FIG. 1 illustrates a foam proportioning system 100 according to one embodiment
of the invention. The foam proportioning system 100 can be used with fire trucks, fire boats,
military equipment, or stationary fire suppression systems installed in buildings. The foam
proportioning system 100 can include a foam tank 102, a divert 103, a master driver 104,
master/local bus cables 106, a display 108, system bus cables 110, one or more power
sources 112, and a low-end line driver 114. In some cmbodiments, the low-end line driver
114 can be connected in paralle! with the master driver 104. In some embodiments, a
redundant communication line can be included between the low-end line driver 114 and the
display 108. The foam proportioning system 100 can further include a hydraulic pump 116,
a strainer 117, a foam pump 118, a master foam flow meter 120, a foam relief valve 122 (as
shown in FIG. 1B), a foam line pressure transducer 124, and a low-end calibrate/inject valve
130.

[0016] The foam proportioning system 100 can include one or more foam lines 132 and
a recirculation line 134. The pressure transducer 124 can be in communication with the
master driver 104 and/or the low-end line driver 114 so that the foam pump 118 can shut

down when a pressure in the foam line 132 is above a certain value. The recirculation line



system in order to fulfill the demand of FIG. 2A according to one embodiment of the invention.

[0010]FIG. 3Ais a graph of a varying demand of the liquid foam concentrate requested by the foam
proportioniny Q08 ording to one embodiment of the invention. [OW [IP¢E/ 380 AQ¢iaph of the
flow rate of the foam pump resulting from the demand of FIG. 3A. [0012]FIG. 3C is a graph of a now

rate through the divert of the foam proportioning system in order to fulfill the demand of FIG. 3A
according to one embodiment of the invention. 3

4

134 can include a first end 136 positioned downstream of the foam pump 118 and a second
end 138 positioned upstream of the foam pump 118. In some embodiments, the divert 103

can include a low-end foam flow meter 126 and a low-end control valve-128.

[0017] The foam proportioning system 100 can be used to inject metered quantities of a
liquid foam concentrate (e.g., Class A or B foam concentrate) into one or more discharge
lines 133 conveying a water stream to provide a predetermined concentration of the liquid
foam concentrate in the water stream. The foam pump 118 can be conﬁ‘gured to supply the
flow of the liquid foam concentrate. The foam line 132 can be in fluid communication with
the discharge line 133 and the foam pump 118. The foam line 132 can be configured to carry
the flow of the liquid foam concentrate. In some embodiments, the foam line 132 can be
connected to a manifold 139, in which incoming foam concentrate can be split to supply two

or more discharge lines 133.

{0018] The divert 103 can be operable to direct a portion of the flow of the liquid foam
concentrate downstream of the foam pump 118 back through the foam pump 118. A
controller, for example in the form of the master driver 104 and/or the low-end line driver
114, can be in communication with the foam pump 118 and the divert 103. The controller
104, 114 can be configured to operate the foam pump 118 and the divert 103 to
automatically maintain a minimum flow rate of the liquid foam concentrate (Qmin) through
the foam pump 118. The minimum flow rate Qmin through the foam pump 118 can be
maintained in order to prevent the foam pump 118 from stalling. The minimum flow rate
Qmin can depend on the viscosity of the foam concentrate and can thus vary for different
foam concentrates. The controller 104, 114 can also automatically maintain a proportioning
rate between the flow of water and the flow of the foam concentrate into the water stream in
order to establish a concentration of a water-foam solution. The controller 104, 14 can
operate the divert 103 in response to the proportioning ratc and the concentration of the

water-foam solution.

{0019] In some embodiments, the low-end flow meter 126 of the divert 103 can be in
communication with the controller 104, 114. The low-end flow meter 126 can monitor a
flow rate of the liquid foam concentrate through the divert 103. In some embodiments, the
low-end control valve 128 can also be in communication with the controller 104, 114. The

low-end control valve 128 can be actuated in response to a signal from the controller 104,



[0013]FIG. 4 is a flow chart of a method of operating the divert according to one embodiment of the
invention. DETAILED DESCRIPTION [0014]Before any embodiments of the invention are explained in
detalil, it is tOVEE200IEIE B0 that the invention is not limited in its applicatiorP{tHE20e4418166
construction and the arrangement of components set forth in the following description or illustrated in
the following drawings. The invention is capable of other embodiments and of being practiced or of
being carried out in various ways. Also, it is to be understood that the phraseology and terminology
used herein is for the purpose of description and should not be regarded as limiting. The use of
"including," "comprising,” or "having" and variatiods thereof herein is meant to encompass the items
listed thereafter and equivalents thereof as well as additional items. Unless specified or limited
otherwise, thésteiiins|dmeudieaiidlcaivee i@ diih 'sudpedediéran idoodphedd andrgaribdioths thereof are

used broadly, and fhEERRASSPOth ¢irest@rAdndiiest MENHRASCoNREEIANGHSYRPRHS, and

couplings. Further, "connected" and "coupled" arc not restricted to physical or mechanical connections
or coupling<BRsitless ihandha i o8 s36rHoniAY 72 R YE PR Coraivg PS8 % mbodiment of
the inventiohci®aen fo futty pieporeiivingrelystetly 08¢ arsivenudedwitimbiodi memkdieliranboats, military

equipment, grstatiopary:fif.atRRESIRIRN sYSIEMR Inptalisddnchisidings: The.fRammprarertioning
system 100 can _include a foam tank 102, a divert 103, a master driver 104, master/local bus cables

1086, a displ&/°1de, §0RH 08 USRI®E 11184 Sne or more power sources 112, and a low-end line driver
114. In some embodiments, the low-end line driver 114 can be connected in parallel with the master
driver 104. §%8e besrrEhrdineAan Mt Brhfuh R 4o Prmeenrteninetiase d&veen the
low-end linecdiivetulit 4vanak therelisplaidb0 8isthaegtolines prdp d4lahangosysyarawl@fecdredunther include a

hydraulic pupp. 116, 3 %t{go.‘afal&zpeﬁge,ﬁ_ n%%oc%ﬂr&p@nmﬁgtaeéﬂa - Uﬂwc@aepf%r Yl foam relief

valve 122 (as shown in FIG. 1B), a foam line pressure transducer 124, and a low-end calibrate/inject

valve 130. (05T EFTheIBAHPBRSHEHRmIHY SYalsn Beladednarange Srndinfidid rdahiies 132 and a
recirculationchrresi@inghiej prissuheckr ambdeidé 11t pdeth tbeonvep i linicd tiomvyithctngrate

from the foam pump 118 to at least one of the individual discharge lines 140, 142. In onc
embodiment, different proportioning rates of foam concentrate can be injected into the
individual water lincs 140, 142. The foam proportioning system 100 can include a line
control display 109 and at least one controller 104, 114 for the water discharge lines 140,
142. The controller 104, 114 can be in communication with the foam pump 118 and the
divert 103. The controller 104, 114 can be coupled to receive flow rate information from the
discharge lines 140, 142 and the foam lines 148, 150. The controller 104, 114 can be
configured to operate the foam pump 118 and the divert 103 to automatically maintain a

minimum flow rate Qu, of the liquid foam concentrate through the foam pump 118.

[0021] The controller 104, 114 can also automatically operate the foam pump 118 and
the divert 103 to supply an appropriate amount of the liquid foam concentrate to the foam
lines 148, 150 to maintain a predetermined concentration of the water-foam solution in at
least one of the discharge lines 140, 142. The controller 104, 114 can automatically maintain
a proportioning rate between the flow of water and the flow of liquid foam concentrate. The
controller 104, 114 can operate the divert 103 in response to the proportioning rate and the

predetermined concentration.

[0022] FIG. 2A illustrates a linearly increasing flow rate of demanded liquid foam
concentrate over time. At a time t;, the minimum flow rate Qs of the foam pump 118 can
be surpassed. As shown in FIG. 2B, the foam pump 118 can be operated at its minimum

flow rate Qmin up to the time t;. After the time t, the foam pump 118 can be operated to



master driver 104 and/or the low-end line driver 114 so that the foam pump 118 can shut down when a
pressure in the foam line 132 is above a certain value. The recirculation line 4 134 can include a first
end 136 podnfdAeY/dsaRstream of the foam pump 118 and a second end 1B8THeSIMfER Ipstream of
the foam pump 118. In some embodiments, the divert 103 can include a low-end foam flow meter 126
and a low-end control valve 128. [0017]The foam proportioning system 100 can be used to inject
metered quantities of a liquid foam concentrate (e.g., Class A or B foam concentrate) into one or more
discharge lines 133 conveying a water stream to provide a predetermined concentration of the liquid
foam concentrate in the water stream. The foam ﬁump 118 can be configured to supply the flow of the
liquid foam concentrate. The foam line 132 can be in fluid communication with the discharge line 133
and the foarfulfilints S refhBofwamelin e Xaeam dvaceoirdiguréeootangahriore tnscofaiseciguid foam

concentrate 4p, Somie.SMeaeimentss the ésaamsulienmg]easba@tp@mwpta@ torasmaméaidul 39, in which
incoming foam concent[at can be sqllgto fg)lgl() oy more dis char glnes 13% L000181The divert
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103 can be GPelaSHER S i Ser AP BRI O oSS o EMB0GToam Concehfrate i6Wnstream of the

foam pump o8 birkutirdbgHiviae 1dam ﬁ@rn?ﬁllmtm‘ebﬁtﬁoﬂ@‘m foie tahepieaim enecesliticof the master
driver 104 apgéasthe: lawern@dinaidinew 1d otan: sain esrvmmniaatsuanith dhedoamndawmp 118 and

the divert 103, Th ntroller 104..114 c onfigured to gpefate the fo 18 and the divert
103 to automue? caa(ﬁaq&a%?gtﬁ'ea%%ﬂﬁ'ﬁcﬁrﬁp owﬂ(r:am-:-mg? rellﬁqumf fr(rggnr}] iorc Cﬁﬂ%ﬁ%@ , ,n‘S through the
foam pump @1@9ﬁh@ﬂﬁiﬁh¢ﬂ9rﬁ%@%ﬂﬁ?ﬁ@}gﬁethe foam pump 118 can be maintained in order to
prevent the foam pump 118 from stalling. The minimum flow rate Qmin can depend on the viscosity of

the foam cofd@sitrateSamd carbatirsmaryfftiediffention fivalvdeanawsiitedtes optretiveriiolfesm 04, 114 can

also automafical;spipiaiiem PIRPOTtRNINGhRRAteRahueeN e flow hwraiew atd theudlowof the foam
concentrate in (%the Q/ate ;trqa? order o establish a conc%rgg]atlon of aﬂwater foangd?olution. The
he

controller 1 1%4%a operat (rjﬁ/\ea'P%Sp in eos"ﬁooﬁsrgotr(gt e pr eohr f:onloﬁV TRte and the

Concentrano;ppgflmglvdgm}slfgamfgmuﬁ@f:harg,e line check valves 154 (as shown in FIG 1B). The
controller 104, 114 can determine an appropriate foam flow rate to the discharge lines 140, -

142 in order to automatically maintain the predetermined concentration of the liquid foam
concentrate in the water stream. The controller 104, 114 can also automatically operate the
foam pump 118 to supply a flow of the liquid foam concentrate. The foam pump 118 can be
opcrablec down to a minimum flow rate Qui,, Where the foam pump 118 reaches its stall
point. As the foam proportioning system 100 starts approaching the stall point of the foam
pump 118 (for example as monitored by the foam flow meter 120), the controller 104, 114
can cause the low-end control valve 128 to open automatically in order to keep the flow rate
through the foam pump 118 at a safc level. In this manner, the opening of the low-end
control valve 128 and the flow of the liquid foam concentrate through the divert 103 can be
substantially seamless to the operator or user of the foam proportioning system 100, while
maintaining a desired accuracy. In some embodiments, the low-end control valve 128 can be
a variable ball valve. When the low-end control valve 128 is open, the divert 103 can route a
portion of the flow of the liquid foam concentrate back through an inlet of the foam pump
118 when the appropriate foam flow rate is less than the minimum flow rate of the foam

pump 118.

[0024] In some embodiments, the method includes sensing a flow rate through the foam
pump 18, for example using the foam flow meter 120. The method can include sensing a
diverted flow rate of the portion of the flow of the liquid foam diverted back to the inlet of
the foam pump 118, for example using the low-cnd foam flow meter 126. The method can

also include scnsing foam line flow rates into at least one of the discharge lines 140, 142, for



[0019]In some embodiments, the low-end flow meter 126 of the divert 103 can be in communication
with the controller 104, 114. The low-end flow meter 126 can monitor a flow rate of the liquid foam
concentrate W a0Ifi§a%8ivert 103. In some embodiments, the low-end conbGTASRNIN 4N also be
in communication with the controller 104, 114. The low-end control valve 128 can be actuated in
response to a signal from the controller 104, 5 114. The low-end control valve 128 can be closed
when a foam demand is larger than the minimum flow rate ()min. The low-end control valve 128 can
be opened when a foam demand is less than the minimum flow rate Qmin and can include one or
more positions between a fully open position and & fully closed position. In one embodiment, the
minimum flow rate Qmin is about five gallons per minute. In another embodiment, the minimum flow
rate ()min iscaivoplt twmgytiéotisspaeniintteat¢0020] meso i eifiisodinielits | 8% shbean adiG. | B, the
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convey raw water from a water source 144 via a WateF pump 146I go corres onding (%lischarge orifices
(not shown)'.“f'l’?éa'fbgﬁ]"ﬂ)'fﬁ'&ﬂﬁi§ﬂ|‘ﬁé"§ygt@“rﬁhW§hclgﬁ QRID THER A& c‘)rer?rgoorr@%%lﬁ\ s 148, 150
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communicaligh Wit sie Joan wasapodASantoth e ivar b Q3usthe pantoalendOr4l 14acain be coupled to
receive flow.rate inf%rmdation rom.the ?i%chﬁlrge I‘jqﬁs 140 }42 and the foam lines 148, 150. The
€ the tlo

: 2
controller 1d2°,ri‘ffﬁ can Vgrf:eon?%d?g 0 operaté) the fg ur'rﬁi paz?'nnpcﬂcg%lrwade thner?jsle%'ﬁelt(gsato

automaticallfepreasstanritee ermiprieeh faw Flete @minThe gratilled Rfark! dorechipadectrrsulh the foam
pump 118. [g24dd bereemsralie ol Icami atem avhomaiicalyeparateotheiforasepunp 118 and the

divert 103 1o, SRR AAARRIORIIRIS AEoUnb Rl ek ok [ORM GORGRNHAISAR dbR Jopmines 148, 150 to

maintain a p.cr%'aetermlne concentration of the water-foam solution In at least one of the discharge
lines 140, 140 thicvensiussrame o, onrllss Mo Ateal i shdirteast 4\5rBporfoim dsritPbetween the
flow of wateaiastetdhrrélaw @E iowdd foabeoente mitatoumba oairekderptaddhl 4 iigheofpeedte the divert

103 in respopsg [o.thie RIABAHIGMING MR ARG AEREFIBERINRIEARGEREANIRA: which can

reduce wear on the foam pump 118.

[0025] The low-end line driver 114 can provide information to the master driver 104 so
that the master driver 104 can storc the total foam demand from the multiple water discharge
lines 140, 142 and can control the foam pump 118 and the low-end control valve 128
accordingly. When the divert 103 opens, the low-end line driver 114 can send a signal to the

master driver 104.

[0026] FIGS. 3A-3C illustrate a demand in foam f{low rate, a respective flow rate
through the foam pump 118, and a flow rate through the divert 103. Up to a time t;, a flow
rate Q, can fulfill the desired firc fighting operation. Because the flow rate Q, is below the
minimum flow rate Qumin of the foam pump 118, the foam pump 118 can run at the minimum
flow rate Qmin. The difference between the minimum flow rate Qui, and the flow rate Q, can
be directed through the divert 103. Betwcen the time t; and a time t,, the demand in foam
flow rate can increase to a flow rate Qs. An increase in flow rate can result from a higher
foam concentration selected by a user, a change in water flow rate, activation of an
additional discharge line, etc. Since the flow rate Qs is higher than the minimum flow rate
Qnmin, the foam pump 118 can be operated at a specd to fulfill the flow rate Q; and the divert

103 can be substantially closed. After the time ty, the demand can decline to a flow rate Q.



[0022]FIG. 2A illustrates a linearly increasing flow rate of demanded liquid foam concentrate over time.
At a time ti, the minimum flow rate ()min of the foam pump 118 can be surpassed. As shown in FIG.
2B, the foarWPW#}9/198%%an be operated at its minimum flow rate Qnjn up tBEAERABHP3ATEEr the time
ti, the foam pump 118 can be operated to 6 fulfill the desired flow rate of the foam concentrate. Too
much foam concentrate can compromise its effectiveness and can result in higher operating cost. As a
result, the flow rate through the foam pump 118 in excess of the demanded flow rate (time < ti) can be
routed through the divert 103. FIG. 2C illustrates the flow rate of the foam concentrate through the
divert 103. The flow rate of the foam concentrate ?hrough the divert 103 can substantially equal the
difference of the flow rate through the foam pump 118 and the flow rate of the demanded liquid foam
concentrateT[0CR8|Gsnverercrudidirom nid@fdh any esrtrentiriciude @atpdeih aduséropahatigyg ithe foam

proportioning sysiem4A%nERRgAsIPs saRiskda seRsHY AalR flavriate thauahi the discharge

lines 140, 142, for example using one or more discharge line flow meters 152 positioned downstream

from dischaPyRTHE REci G Afmes B PIPURBAAGSAE RS OPBT P AL BIRHENEP 182 B ean determine an
appropriate Ydamaflbfierertes teetheedigtchaigenimdio v408te 132, isnd e ftovaato Retirably ravéittain the

predetermingeheanarnirationosf thadidiiddaap grRgaratadnthe matersiraasign e epntroller 104.
114 can also,automatically operate the foam é)ulm nJa%SCItlg supplz}/ a low cgathe liquid foam concentrate.

The foam pﬁPﬁ‘ggﬁg‘ caonwbré“oﬁg'r’a EEVBI0 A MR oW rad I S o He T6&m pump 118

reaches its sraflupbshengesith@ofvairte piepdivdonitiy wpdievpdra@dsarnstbiyprodehingstheastbdl point of the

foam pump dLS{fanigxampiecat meneghivitbaderandlevometiasd 20)thercaolrtlieigh04, 114 can
cause the Io%}/-glnd r{:ﬁ)&trol valve 128 to open automatically in order to keep the flow rate through the

foam pump at a safe level. In this manner, the opening of the low-end control valve 128 and the

flow of the liquid foam concentrate through the diyert 103 can pbe substantially seami to the
operator or E@%-rl]of thFel?oé‘rH'ﬁ?ﬁ?}%ﬁi‘dﬁﬁ’%’%ﬁ?e%}{%&‘WH% F?%l'fhf’éﬂﬁ’ﬁ@oﬁ 'Béé?'rsé%“aiiozracy. In some

embodiments, fibe kate-eharaenthobugiivibel digchamebbngsvEiPaldR ¢sallbgasorsedviaerd e |dWeend control

valve 128 is.gprefpotathgingr HJ Gar QHtsanaptiea eiteflanatdhe isnichirat cangantrate back

through an iglg of the Toam pump 118 when, e ARRICRYBIS PAMIIW FAIE i5le5s, tbaR.the minimum
flow rate of tHe foat purﬁp 18.

foam pump 118 and the result can be evaluated (at 430). Il the foam flow rate is higher than
the minimum flow rate Q.. the controller 104, 114 can determine if the liquid foam
concentrate is directed through the divert 103 at 440. If the liquid foam concentrate is being
directed through the divert 103, the flow of liquid foam concentrate can be discontinued (at
450). Thereafter or if therc is no flow detected through the divert 103, the foam pump 118
can be operated with the required speed (at 460). If the computed flow rate is less than the
minimum flow rate Qui, (at 430), the foam pump 118 can be operated at the speed related to
the minimum flow rate Qpin (at 470) and the divert 103 can be operated to allow a respective

flow rate being routed to a second end 138 upstream of the foam pump 118 (at 480).

[0028) It will be appreciated by those skilled in the art that while the invention has been
described above in connection with particular embodiments and examples, the invention is
not necessarily so limited, and that numecrous other embodiments, examples, uses,
modifications and departures from the embodiments, examples and uses are intended to be
encompassed by the claims attached hercto. The entire disclosure of cach patent and
publication cited herein is incorporated by reference, as if each such patent or publication
were individually incorporated by reference hercin. Various features and advantages of the

invention are set forth in the following claims.



[0024]In some cmbodiments, the method includes sensing a flow rate through the foam pump 118, for
example using the foam flow meter 120. The method.can include sensing a diverted flow rate of the
portion of the flow of the liquid foam diverted back to%he inlet of the foam pump 118, for example using
the low-end foam flow meter 126. The method can also include sensing foam line flow rates into at least
one of the disghangg lines 140, 142, for 7 example using the discharge line water flow meter 152. The
controller 104, 114 can adjust the operation of the foam pump 118 and the diversion of the liquid foam
concentration to mzﬂnttain the mirtnmum rovtv rate ()min.through the foam pump 118 and the appropriate
foam flow rate to the v?gfgrp(rj?gc%é?é%n ned 140 147 e divert 103 can route a portion of the flow of the
liquid foam concentrate back to an inlet of the foam pump 118 only when the appropriate foam flow rate is
less than the minimufaaiopurape Qmin. The controller 104, 114 can compute an appropriate foam flow
rate based on the sensed water flow rates and a concentration of the water-foam solution selected by a
user. The controller, Q4.1 eashinGreasathe divariescrasioniaf 5@%&@Wﬁlf&ﬁéf%&%foam concentrate
in response to a decrease in the computed foam flow rate. The controller 104, 114 can also decrease the
diverted por§SRsRtrEcHahastadidischisesipermishthatomBYPHMSse to an increase in the computed
foam flow rate. In one embodiment, to increase the foam flow rate being injected into the water stream,
the controller 104, di#vearhiisshgacieasalthe plimthalis heingdgitettediraegiadhentiven 103 before
the foam pump 118.can ?e operated at a higher speed. result, the foam pump 118 can run at slower
speeds in caEHRABRAS AT HHATEUCRRTORET Y 1R R PURR *1Ae: 1562 FAE tow-end Iine driver
114 can proyekstiofeimptianaia tTehvasiar slivip) tho4liserthaidihelasdakcrivpodidh 68a Stavethe total
foam deman from.téw multiple water discharge lines 140, 142 and can control the foam pump 118 and
the tow-end B BT AR RSP S G e I B8 o Blo. the Iow-endl ine chiver 114 can
send a signal to the master driver 104. [0026]FIGS. 3A-3C illustrate a demand in foam flow rate, a
respective flow rateatheastgmeh@fivattepimep hidnaradienfivithrtie ivmoygmhendivieyet0ReUp to a time 14, a
flow rate Q, &E'I esi lire fig#i erati S 0 t j loyy the minimum
flow rate O e Ko e A S . e
difference betwvesnith8awimateurh tHowqark (Qmireadrtiraté dwoegk Q¢ caanbpudirected through the divert
103. Between the time t, and a time t,, the demand in foam flow rate can increase to a flow rate Q. An
increase in flow ratg,capfesidiiRm ARIYLSEIRAM CORRRMIAHR SAIRNRIRY-AHSRE B AhaNge in water
flow rate, activation of an additional discharge line, etc. Since the flow rate Q3 is higher than the minimum

flow rate QniiRCHHENbECPRPRES 12 signaldrapetigead lsed epeeenisoilanpmbanévinaiteath3 and the divert
103 can be ghatapiaibnclases: AeHDS eeds the damand e\ dedivede afioualg Q2-

concentrate through the foam pump.
2. The system of claim 1, wherein the low-end control valve is a ball valve.

3. The system of claim 1, wherein the at least one controller automatically maintains
a proportioning rate between a flow of water in the at least one discharge line and the

flow of liquid foam concentrate into the flow of water.

4. The system of claim 3, wherein the controller operates the divert in response to

the proportioning rate.

5. The system of claim 1, wherein the divert includes a low-end flow meter in
communication with the at least one controller, the low-end flow meter operable to

monitor a flow rate of the liquid foam concentrate through the divert.



8 The decrease can result from a lower foam concentration selected by a user, a change in water flow
rate, shutting down of a discharge line, etc. Because the flow rate Q2 is below the minimum flow rate
Quin, the foam pump 118 can be operated at its min][ um flow rate Quin, while a difference between the
minimum flow rate Qmin and the flow rate Q, can be routed through the divert 103. Although abrupt

changes aregshownrife kieem3sr $RHaN 3@ fihe shanasssindle\yreatacamnAriier endrdiiabakidependent

of a sudden changes or a more gradual change in flow rate, the divert 103 can be operated smoothly so
that a user A8 HtafaMFOHAR KA SIAHAABE O ABTRENIGRIONITR E3hREIASENS being routed
through the dperbA&3. [0027]FIG. 4 illustrates a method 400 of operating the foam proportioning system
100. A flow rate of water through the discharge lines 140,142 can be sensed (at 410). The corresponding
foam flow ra17e can kﬁﬁ corgguteg liase ona sel ﬁteolcg:ontcentratic%n ﬁ;\te {at 4%0)f The computed foam
flow rate can be comp?asr awith & MinimdmTow raté Qtorthe 104N pﬁfjrrﬁﬁpfl Q¢ thB¥88ult can be
evaluated (atvAd0h sfghd foaumttlopreateristhighircthandiceteniminuenpitewuraten (i, ltheteawtroller 104, 114
can determiqg irfntﬂgeliquid foam concentrate is directed through the divert 103 at 440. If the liquid foam
concentrate |sabeing directed through the divert 103, the flow of liquid foam concentrate can be
discontinued (at 450). Thereafter or if there is no flow detected through the divert 103, the foam pump 118
can be operédted withherte veguirbelaipebde(at Wbk e ohetsnp atedfibvidraeansdirsg thaatdsasminimum flow
rate Qmin (%r@@a&pﬁn@m Pﬂﬁ%ﬁﬁ GARLPR Rerated at the speed related to the minimum flow rate
Qmin (at 470) and the divert 103 cah be operated to allow a respective flow rate being routed to a second
end 138 upstream of the foam pump 118 (at 4.80).q[|(;]028]lt will be appreciated by those skilled in the art
that while thé-inventiBh WS B F B88chpgkesrp vach LaRhERGSHINHHI SRBIEPEAIEHERS and
examples, theiRepHamssinehRekassarily so limited, and that numerous other embodiments, examples,
uses, modifications and departures from the embodiments, examples and uses are intended to be
encompasse?) by the claims att c{1ed 5Ger to. The e ttire disclosure of each patent and publication cited
nerein s incafboratbheoy HTE /A CAT RS P UKL SRR TEF BB VidkiaR NS Haidually incorporated by
reference hesaipoNarinigsrieatunts andeapviadiiageischtie fimeention are set forth in the following claims.
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