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This invention relates to methods of and 
apparatus for proportioning flowing fluids, 
and the invention more particularly relates 
toimproved methods and apparatus for pro 

5 portioning fluids used in combustion proc 
{BSSGS? * * ? 

It has heretofore been proposed in com 
bustion controlsystemsto provide for auto 
matically maintaining a predetermined vol 

10umetric proportionality between the rate of 
supply ofacombustiblefluid orfluid mixture 
and the air or other fluidemployed to sup 
port and assist in the combustion thereof 
Moreover?inthe patent to Wilson No.1,437,- 

15626 dated December5?1922 itis proposed to 
varythe proportionality ofthegas and airto 
maintain afixed proportionality between the 
weights of combustiblegas and oxygen. 
Combustion control systems of the type 

20 just mentioned are suficiently accurate?in 
operation in cases where the total heating 
Value per?unit volume of the combustible 

"fluid remains constant oris maintained con 
stant However itis now generally desired 

"in the operation of coke ovens and the like 
to employ a lower grade of fuel gas there 
for?to permit?sale of as much as possible 
ofthe highergrade coke ovengas. Thiscon 
dition results in variation in quality of the 

30 fuel supplied to the coke ovens due to the 
variableamount of coke oven gas sold for 
other purposes; and fuel supplied tothe coke 
ovens may therefore varyin quality all the 
way from producergas of low heating value 

35 to coke ovengas of relatively high heating 
value: or a mixture of such gases may beem 
ployed. 
Asiswellunderstoodinthe art andaseviz 

denced by the prior.art patents such as Wil 
"son No.1437.626 aforementioned a definite 

amount of airis required for each unit vol 
ume of combustiblefluid of agiven quality or 
total heating value perunit.volumetoinsure 
perfect combustion thereof: and assuming 
ühat the quality of sugh combustiblefluid re 
mains constant and that said fluid and the 
combustion air are supplied under like con 
ditions of temperature pressure and satura 
tion?it is obvious that satisfactory results "maybeobtainediftheproportionality ofthe 

fluid and air is maintained substantially 
Constant. - * - 

Under conditions herein contemplated, 
however thetotal heatingvalue perumit vol 
ume of the combustible fluid?may vary 85 
throughout a wide range due to the use of 
Qne.or another of a plurality of combustible 
fluids or of a mixtüre of such fluids For 
example assumethatin a combustion control 
system therate offuelrequirementis 60,000,- 60 
000 B.t.u. per hour If coke ovengas hav 
ing.a total heating value of 600 B.t.u. per 
Cubic footisused?100,000cubic feet per hour 
must be supplied whereas the amount of air 
required for perfect combustion of such gas 6b 
would be about 543,000 cubic feet per hour. 
Onthe otherhandifwatergashavingatotal 
heating value of 310 B. t u per cubic foot 
isused?193,500 cubic.feet per hour must be 
supplied,?whereas the amount of air re-70 
? would be about450000 cubiefeet per 
OlII"? - - 

Upon comparison ofthetwo examples just 
mentionedit will beseenthatin ordertosat 
isfy the fuel requirement in the segond case 75 
therate offlow ofgas wasincreased 93.5per 
cent (ascomparedwiththefirst case)?where 
asthe airrequirement forperfect combustion 
was decreased 17.3 per eent 17.3 per cent 
represents approximately the maximum 80 
changein airrequirement between the high 
est and lowest qualities of artificial fuelgas. 
For carburetedwatergas of various heating 
valuesupto 600B.t.u percubiefoot the air 
requirement per B. t u approximately fol- 85 
lows the straight line relation of the air re 
quirement per B.t u of mixtures of unear 
bureted watergas and coke oven gas Pro?? 
ducerg"switha heatingvalue of110B?t u?90 
per ctibic foot requires approximately the 
same amount of air per B. t u as that re 
quired for uncarburetedwatergas 
It will be apparent from the foregoing 

thatin ordertoinsure perfect combustion of 95 
the combustiblefluiditis necessary that the 
volumetricrate offlow ofairmust bewaried 
notonlyinaccordance with variationsinthe 
volumetric rate of flow of such combus?ble 
fluid but alsoin accordance with variations " 



2 

inthequalityortotalheatingvalueperunit 
volume of the latter. - 
Accordingly my invention contemplates 

the employment ofmeans comprising a calo 

10 

rimeter which cooperates with the other ele 
ments of the combination to superimpose 
upon the controlling effects of the latter a 
controlling effect whichis a function of the 
total heating value per unit volume of the 
gombustible.fuid whereby maximum.co? 
bustion eficiency or.other desired calorific 
efects ofthecómbustion maybeinsured. 

15 

20 

30 

eficient appaiatus for 

An object of the inventionis to provide 
novelmethods of proportioning andregulat 
ing the rates of flow of a Combustible fluid 
orflid mixture andairto.insure he afore mentioned perfeet gombustion.conditions. 

Another object isto provide simple and 
carrying out such 

methods among others ? ? 
Otherobjects andadvantages oftheinven 

tion willbe apparent or will bespecifically 
pointedoutinthecourse ofthefollowingde 
scription ? 
Theaccompanyingdrawingsdiagrammati 

gally Ilustrate cert@in embodimens of the invention byway ofexample; butit willbe 
understood that the invention is susceptible 
of embodiment in other forms without de 
parting from the spirit and Scope thereof as 
definedin the appended claims. ? 
In the drawings Figure 1 illustrates dia 

grammatically a combustion.control system 
whergin maybe assumedthat the combus 
tiblefluidissuppliedata constant volumetric 
rate per unit of time andin which the Volu 
metricrates offlow of primaryandsecondary 
air are normally maintained of predeter 
mined constant value?but subject to varia? 
tion in accordance with changes in the total 
heating value per unit volume of the com 
bustiblefluid and 
Fig?2illustrates a modified form of the 

invention wherein electrical means are pro 
vided fornormallymaintaining a predeter 
mined proportionalitybetweenthevolumetric 
rates offlow ofthe combustiblefluid and the 
airemployed to support and assist in com 
bustionthereof?incombination with calori 
metric means.for efecting_variation in the 
rate offlow of airin accordance with varia 
tionsin the total heating value per unit vol 
ume of the combustible fluid and in accord 
ance with variationsin airrequirements due 
oghangesincomposition ofthe combustible 

fluid?" * 

As will be pointed out in detail herein 
after the volumetricrate offlow ofthe com 
bustiblefluidmayalsobesubjecttocontrolin 
aegordance with the determinations of the calorimetertoprovideforso-calledtotal heat 
control,?that is control of the volumetric 
rate of flow of the combustiblefluid in such 
manner that the total number or value of tainers26 and 26" respectively. 
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heat units supplied per unit of time will be 
maintained constant 

Referringfirst_to Fig 1 the_numeral10 
designates.a.conduit through whichit may 
beassumedthata combustiblefluidiscaused 
to flow in the direction of the arrow at a 
Gonstant volumetric rate per unit of time. 
Any suitable-means well known in the art 
may be employed_forefecting such flow of 
the combustible fluid Numeral 11 desig 

70 

75 
nates a.gonduit through_whigh the primary ? 
gombustion airis adaptedto flow and12 des 
ignates?conduitthrough which thesecond 
ary combustion airis.adapted to flow The 
arrows indicate the direction of flow of the 
primaryand secondaryair fromany suitable 
SOurCé or Sources. * - 

The rates offlow of the primary and sec 
ondaryairare normallymaintained substan 
tially constant through the medium of ad 
iustablevalves 13 and14,respectively Thus 
I provide a pipe 15 which leads from con 
duit 11 at the ouitlet side of valve 13to the 
interior of a prover bell 16 or the like.to 
subject the latter to the pressure conditions 
obtaining within the outlet end ofsaid con 
duit..Prover bell16is provided with a link 
orrod 17pivoted at18 toone end of a mov 
able gontactor 19?whichis pivoted at 20to a 
switable fixed support Contactor 19is pro 
vided with a weight 21.whichis adjustable 
tonormally efect neutralpositioning ofsaid 
gontactorunder_predetermined pressurecon 
ditions.within the gonduit 11 On opposite 
sides of contactor 19 are stationary contacts 

80 
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90 

95 

100 22 and23adaptedwhen engaged by saidcon 
tactor 19 to control a reversing relay illus 
trated_diagrammatically at 24to selectively 
providereversecircuit connectionsfora mo 
tor M"??the latter whenenergizedfor oper 
ation in either_direetion-respectively being 
adapted through suitable worm and pinion 
gearing25to efectmovement ofvalve 13ina 
?irection and to a degree correspondingwith 
the_direction_and duration of operation of 
said motor The power supply lines forthe 
motor areindicated at L"?L" ? 

It will beapparentfromthe foregoingthat 
the means just described normallyactsauto 
maticallytoinsure a predetermined constant 
rate of flow of primary combustion air 
through gonduit11 dependingupon the par 
tigularadjustment oftheweight21 Therate 
offlow ofsecondarycombusion airthrough 
conduit 12is likewise subject to automatic 
controlin accordance withthe direction and 
duration of operation of a motor M";?the 
gearinginterposed betweenvalve14 andmo 
tor M" and the yarious control elements for thelatterbeinginallrespectssimilartothose 
afgredescribed and being designated by like 
reference numerals with the exponent.“a”? 
added Asshownthe prover bells16and16* aresealedby bodies ofliquidwithinthecon 
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Thus assuming a constant yolumetricrate 
offlow ofthe combustiblefluidthrough con 
duit 10,it willberememberedthatthemeans 
aforedescribed will likewise tend to main 
tain thevolumetric rates offlow of primary 
andsecondary airsubstantiallyconstant and, 
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of course Prop?rtional.9.the rate.offloy 
of combustible fluid With the weights 21 
and21"properlyadjusted the aforedescribed 
arrangement wouldresultin maximum com 
bustion eficiency of the combustible fluid? 
provided the quality or total heating value 
per unit volume of such fluid remained or 
were maintained constant However as 
aforestateditiscontemplated that the qual 
ity ortotal heatingvalue per unit volume of 
the combustiblefluidwill vary throughout a 
wide range depending upon the particular 
quality ofgas or mixture of gases whichis 
? throughthe conduit 10 Agcordingly 
provide means for modifying the control 

oftherates offlow of primary?ndsecon? 
ary airto insure maximum combustion efi? 
ciency of the combustible_fluid under_con 
ditions of variation in quality ortotal heat 
ing value per unit volume of the latter. 

Said means asshown may comprise a cal 
orimeter which isillustrated diagrammati 
cally.at 27 said calorimeter preferably be 
ingofthetypediselosedin Patent No.1625,? 
277 granted?April?19?1927 to H N Pack 
ard ?As describedin said patent the cal 
orimeter is provided with means driven by 
a suitablemotor 28 forefecting withdrawal 
of a continuous sample of the combustible 
fluid from conduit 10 and supplying said 
sample together with predetermined pro 
portions of combustion air and cooling air 
to the burner29.for combustion of the fluid 
sample and combustion air and absorption 
by fhe cooling air of the heat so_liberated. 
The arrangementis preferably such_that the 
fluid sample and combustion air and cooling 
airaresuppliedunderlike conditions oftem 
perature??pressure and saturation; whereby 
{he indicating and_recording element 30 of 
the calorimeterisadaptedtoshowtheinstan 
taneous quality.or_total heating value per 
unit volume ofthefluidflowingthrough con 
duit10. The actuating means for the indi 
cating_andrecord?ngelement 30is fully de 
scribed in the aforementioned Patent No. 
1625.277; and since the same forms no part 
of the presentinvention further description 
thereofis deemed unnecessary herein. 

As.willbeapparent the element 30 moves 
in a direction and to a degree accurately cor 
responding to variations in the quality or 
total heating value per unit volume of the 
combustiblefluidflowingthrough conduit10? 
Ithereforeattach,either directly orindirect 
ly to the operating shaft.31 of element.30 
a disk or wheel32?said disk having a plu 

C5 
rality of radially arranged sets of perfora tionsorsockets33adaptedtoreceiveremov 

3 

ablepinsorplugs34,whichmaythereforebe 
arranged.in any desired predetermined_re 
lation to forma curved orcam surface One 
end of aflexibleelement35isattached tothe 
hub 36 of disk 32 and the other end of said 
element is preferably attached to a coiled 
spring 37 The end portion of element 35 
adjacent to hub 36 is carried by the pins34 
on disk32,and saidelementis furtheradapt 
ed toride oyer and in drivingeng?gement 
with a wheel or pulley 38. Spring 37 is 8t 
tached to the contactor 19* at a point to_the 
left of the pivot 20° The controlling efect 
of the prover.bell16* upon the position of 
contactor 19*is thus modified in accordance 
with variationsinthe degree oftension upon 
the spring 37;,whereas such tension is sub 

70 

75 

80 

ject to controlin accordance with variations 
in the quality ortotal heatingvalue per unit 
volume of the fluid flowing in gonduit 10, 
and such variations have an efect corre 
sponding tothe arrangement of the pins34 
on disk 32. 
Fixed to the wheel38 bymeans of ashaft 

39 and movable therewith is a second wheel 
40,?said last mentioned wheel having at 
tached thereto one end of a flexible element 
41 whichis adapted to be wound around the 
periphery ofsaid wheel theotherend ofsaid 
element being connectedthroughthemedium 
of a coiled spring 42.with the end of gon 
tactor 19to the left of pivot 20..Variations 
inthe quality ortotal heating value perunit 
volume of the combustible fluid passing 
through conduit 10 will therefore cause like 
variations in the tension of springs 37 and 
42; whichinturn will result in proportional 
variationsin the respective volumetric rates 
of flow of the primary and secondary Bir 
throwgh conduits 11 an? 12to provide_for 
maximum combustion eficiency of the fluid 
in conduit 10 when burned. 
In the combustion control system illus 

trated in Fig 2 the numeral 43 designates 
a conduit through which a combustiblefluid 
is adapted to flow in the direction of the 
arrow The numeral44.designates a_conduit 
through which.the combustion air flows in 
the direction of the arrow The volumetric 
rate offlow of combustion air through con 
duit44 issubject to control by an adjustable 
valve45 and the means nowto be described areoperableautomaticallytonormalymain 
tain a predetermined proportionality be 
tweenthevolumetricratesofflow ofthe com 
bustible fluid and the combustion air Said 
means as shown comprises a reversible mo 
tor M" adapted to be supplied with energy 
from lines L"?L"; the reverse circuit con 
nections forsaid motor beingsubject to con 
trol by a relay illustrated diagrammatically 
at46. Energization_ofrelay46for_effecting 
operation of motor M"in.reverse directions 
selectively is in turn subject to control by 
an oscillating contactor 47 adapted to co 
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operate with stationary contacts48and49 
contactor 47 is rigidly?attached to a.rod or 
shaft50forsupport therebyasaidshaft being 
rptatablysupportedinsuitablebearings not? 
shown. - - 

Alsofixed toshaft50in spacedrelation to 
each other are a pair of wattmeter coils 51 
and 52; coil 51 being biased to move in a 
clockwise direction under the magnetic in 10 
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fluence of a pair of wattmeter.coils 53 and 
54?which areconnectedin circuitin parallel 
witheach other and in series with the heat 
ing element 55 of an electric fluid meter of 
the type disclosed in the patent to C.C. 
Thomas No.1.222,492 dated April10 1927. 
On the other?hand coil 52 is biased in a 
counterclockwise direction under the mag 
netic influence of a pair of wattmeter coils 
56 and 57?which are connectedin circuit.in 
parallel with each other and in_series with 
?he heating element.58 of another electrig 
luid meter The cols 51 and 52 hus.ac? in opposition.to eagh other in their?efeet 
upon the position of contactor 47?so that in 
the event that the torque of one coil pre 
dominates over the other said contactor 47 
will be movedin one direction or the other 
to?engage the stationary contacts48 and 59 
selectively. * 
Uponengagement ofcontactor47with one ofsäidconfacts48or49therelay46isener 

gized to complete circuit for operation of 
motor M"inomedirectionortheother where 
by the valve45is operated tovary the?a?e 
offlow of air orotherfluid in conduit 44 in 
such manner asto cause equalization of the 
torque of coils 51 and 52 ?The operation of 
the aforementioned electric fluid meters per 

40 se is welI understood in the art andis de scribed in detail in Patent No.1.222,492 
aforementioned Hence the diagrammatic 
illustration thereof herein is deemed sui 
cient It may be noted however that a 
variable resistance 59 is connectedin series 
with the heatingelement 55?whereas a vari 
able resistance 60is connectedin series with 
the heating element 58. The heating ele 
ment 55 and its resistance 59 are connected; 
in parallel.with heatingelement 58 and its 
resistance 60, to line L"?L"; the arrangement 
being preferably such that the value?of the 
resistances59 and 60includedincircuit with 
the respective elements 55 and 58 is varied 

mined contstant temperature rise ofthe gas? 

65 

to cause variation intheenergyinput to the 
respeetive elements whereby a predeter 

air or other_fluids flowing through the re 
spective conduits 43 and 44 is maintained. 
Thus the heatingelement 55is providedon 

each side thereof?with thermometer resist 
ances 61 and 62 said resistances being con 
necteding well known.mannerin theWheat 
stone bridge-circuit of the electric meter to normallyins"rea.predetermi?edriseintem 
perature of the air orother fluid flowing in 

1,849,335 

conduit 44 asthe result of heating of said 
fluid by element 55 In other words as 
suming thatitis intended to proyide for.? !en,degreerise?in temperature of the fuid 
in its passage between thermometer resist 
ances61.and 62?such rise willbe maintained 
only while the rate of.energy input to heat? 
ing element 55 is maintained constant and also onlywhiletherate offluidflow through 
conduit 44 remains constant ? * - 
On theother hand?ifthe rate offluidflow 

were increased for any reason_the tempera turerise ofthefluidasmeasuredbythermom 
eters61and62would obviouslybe degreased, 
and such decrease would cause unbalancing 
ofthe Wheatstone bridgeto a.corresponding 
degree The metering mechanism would 
thereupon act to adjust the contactor 63.to 
decrease the amount of the resistance 59 in cludedincircuitwithelement55?wherebythe 
energyinputto the latterwould beincreased 

80 

85 

suficientlytoprovidethepredeterminedtem 
peraturerise ofthefluid Theincreasedcur? 
rent thus permitted to pass through element 
55and coils 53 and5?connected?incircuit 
therewith wouldvarythetorqueupon coilöl; 
and Rssumingtheorque ofcoil52 orema? constant during the interval contactor 47 
would becaused tomovein aclockwisedirec 
tion?to gause energization of rely 46 with 
resultantenergization of motor M"inaman 
ner tocause movement of valve 45 toward 

90 

95 

closed position In the foregoing manner ? 
the rate of flow of fluid through conduit 
44 is controlled to normally maintain the 
same ofsubstantiallyconstant predetermined 
value. - - - - 

Similarlythe electric fluid meter compris 
ing the heating element 58 is provided_with 
thermometerresistances 64 and65whichare 
8rranged-in the well known Wheatstone 
bridgecircuit,as describedinconnection with 
thermometer resistances 61 and 62 Thus, assumingra given adjustment of the contac 
tor 66 of_adjustable resistance 60to provide fora predetermined constantinput ?energy 

element58.the Wheatstone bridge 
to remain balanced solong as_the 

o heating 
IS áia?i 
rate offlow ofgasorother combustiblefluid 
through conduit43remainsconstant How 
ever if the rate offlow of combustiblefluid 
.through said conduit is subject tovariation 
through control of known meansfor provid 
ing a gonstant rate offlow of heat unitsper 
unit of timethrough said conduit it wilIbe 
seen that any variation in the volumetric 
rate offlow of saidfluidwill causeunbalanc 
ing of the Wheatstone bridge with conse 
quent adjustment of contactor 66tovarythe 
rate of energyinput to said heatingelement 
58 whereby the predetermined temperature 
?ise of the fluid_is again provided and the 
balance of the Wheafstone bridge restored. 
Such wariation inthevalue oftheenergyin 
put to heatingelement58causes a like varia 
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65 a pair of contact elements 67 and 68 adapt 
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tioninthevalue ofthetorqueuponthewatt 
metercoil52,aswillbeobvious. - Thus if the rate offlow offluid through 
conduit43 has decreased thetorque upon the 
coil 52 will likewise.decrease and assuming 
normal torque conditions upon the coil 51 
the latter will predominate"to cause move 
ment ofcontäctor47ina clockwise direction 
to engage contact 49 with consequent ener 
?? of relay 46 and operation of motor 

* in a direction to Cause partial closure of 
valve 45. On the other hand ifthe rate of 
flow offluidin.conduit 43 hasincreased the contactor 66 will be automatically adjusted 
to increase the energy input to element 58, 
whereuponthetorque ofcoil52will predomi 
nate overthetorquie of coil51tocaüsemove 
ment of contactor 47 in a counterclockwise 
direction into engagement with contact 48? 
with consequent energization of relay 46 to 
efect operation of motor M" in the reverse 
directiontocauseopeningmovement of valve 
45,therebyincreasingtherate offlow offluid 
in conduit 44 
The system shown in Fig 2as thus far 

described therefore operates in a manner to normally maintain a predetermined porpor 
tionalitv between the volumetric rate offlow 
of thefluidin conduit 44 with respect to the 
volumetric rate offlow offluidin conduit43. 
As heretofore pointed out however.it is 
found that combustible fluids of different qualities ortotal heatingvalues perunit vol 
üme require different proportions of com 
bustion airto provide formaximum.combus 
tion eficiencythereof; and Itherefore pro 
vide means for superimposing upon the 
aforementioned control oftherate offlow of 
fluid through conduit 44 a controlling efect 
whichis a direct function of the quality or 
total heating value per unit volume_of the combustiblefluidflowingthrough conduit43. 

Said means as shown may comprise a 
calorimeter_of the_general character.ilus 
trated and describedin connection with Fig? 
1,?said calorimeter and the parts_thereof 
havingbeengivenr?ence numerals corre spondingto hose of Fig 1 with the expo 
nent“a"added Thus the calorimeter27*is 
adapted towithdraw a continuoussample of 
combustiblefluid from the conduit 43, said samplebeingsuppliedtothe burner29"along 
with predetermined portions.of combustion 
air and cooling air preferably under like 
conditions oftemperature pressure and Sat 
uration The arm30* of the indicating and 
recording element of the calorimeteris op? 
erable automatically in a direction and to 
a degree corresponding with Wariations in 
the total heating value per unit volume of 
the fluid flowing in conduit 43 as aforede 
scribed Attached tothe operatingshaft31" q - fluid will.not afect the desired combustion of said arm30° for movement therewith are 

5 

ed for_co-operative engagement withthe ad 
justable resistances69and70. 
As shown the wattmeter coil 52 is con 

nected inseries withresistance69.acrossthe terminals of heatingelement58;wherebythe 
degree of energization.of coil 52is depend 
ent Upon the Walue of potential across the 
terminals ofsaid heatingelement58 andalso 
dependent upon the position of the contact element67oftheresistance69.?Similarly,the 
wattmeter coil51 is connectedin serieswith 
resistance70?8cross the terminals of heating element 55; whereby the_degree of energiza 
tion of coil 51 is dependent upon the value 
of potentialacrosstheterminals ofsaid heat 
ing.element 55 and also dependent upon the 
position of the contact element 68?of the 
resistange 70 I have diagrammatically il 
lustrated.a meter.G forindicatingthetotal 
volumetric flow of combustiblefluid through 
conduit43 said meter comprising ? 
a current coil71 connectedin series with the 
heatingelement58 anda voltage coil 72con 
nected across the terminals ofsaid heating 
element I have alsoillustrated a similar 
meter A_for indicating the total volumetric 
flow offuid thro"? conduit44 s??meter 

70 

80 
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90 

comprising essentially a current coil73 con-? 
nectedinseries with the heatingelement 55 
and a voltage coil 74 connected agross the 
terminals of said heatingelement Said.me 
ters G and A aswillbeunderstood are ofthe 
?well known wattmeter type and further de 
scription thereof is deemed unnecessary? 
Alsoitisto be understoodthat meters G and 
A may be omittedif desired. 
As aforeindicated any variation in the quality ortotalheatingvalueperunit volume 

of the combustible fluid or fluids flowing in conduit43willeffectcorrespondingmovement ofthecontactarms67and68withconsequent 
variation in the degree_of energization_of 
wattmeter coils 52 and 51 respectively; 
wherebythe controllingefect ofcontactor47 
is modified in accordance with such varia tionsin quality totherebyinsureproperpro 
portionality ofthevolumetricrate offlow of 
air orotherfluid flowingin conduit 44 with respecttothevolumetrierate offlow ofcom 
bustiblefluid in conduit 43 to provide for 
maximum combustion eficiency of the latter 
.when burned. * * 

I have herein specifically described the 
adaptation of my invention to a combustion 
control system in which a calorimeteris uti 
lized toinsure the desired uniform or maxi 
m"m combustion e?cieney by regulatingthe 
volumetricrate offlow of combustion_airin 
such mannerthat variationsin thetotal heat 
ing value per unit volume ofthe combustible 
fluid.Velocity offlame propagation andother 
calorific efects incident to?changes in the 
uality or composition of the combustible 

process Nevertheless itwillbeapparentto 
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6 
those skilledin the art that the funetion of 
the calorimeter herein need not be limited to 
the attainment of maximum thermal efi 
cieney Forexample/it may be desirablein 
some cases to insure a maximum constant 
value of the flametemperature or a maxi 
mum constant value of heat distribution; 
whereas in accordance with my invention it 
is possibleto so adjust or regulate automati 
cally the volumetric rate offlow of combus 
tion air by means of the calorimeter that.the 
particular phase of the combustion which is 
of greatestimportance is maintained of pre 
determined constant value. 
What I claim as new and desire to secure 

by Letters Patent is: 
1 Themethodofproportioningfluidsused 

in combustion progesses whigh comprisesthe 
step of normallyefectinga flow of combusti 
ble fluid anda flow of_fluid to support com 
bustion thereofin predetermined volumetrig 
proportions and varying the_rate offlow of 
said last mentioned fluid individually in re sponsetovariationsinthetotalheatingvalue 

SU) 

35 

40 

45 

55 

mentioned 

per unit volume of said combustible fluid 
per se. - 

2. Themethodofproportioningfluidsused 
in combustion processes whigh comprises ef 
fectingseparateflows_offluidsone of which 
is combustible and the other of which is 
adapted to Support comb"stion heeof nor mally.maintaining a predetermined propor 
tionality between hevolumetrigratesofflow 
of said fluids and varying individually the 
relativerate offlow ofsaid secondmentioned 
fluid in response tovariations in value of a 
calorific efect of combustion of said first 
mentionedfluid persetothereby providefor 
substantiall ?* combustion of said first 

UllCl? ? * 

3.The method of proportioning flowing 
fluids which_comprises effecting_a flow of 
combustible_fluid effecting a predetermined 
proportionalflow offluid fosupport combus 
tion thereof ascertaining the instantaneous 
total heating_value per unit volume of said 
combustible fluid and varyingindividually 
therate offlow ofsaidsecondmentionedfluid inresponsetowBriationsin suchtotal heating 
? per unit volume of said combustible 

UllCl? ? 

4 The method of proportioning flowing 
fluids which.comprises effecting_a flow of 
combustible fluid effecting a predetermined 
proportional flow of afluid to support com 
bustion thereof utilizing a continuous sam 
ple of said combustiblefluid to ascertain the 
total heating value per unit volume.thereof 
and varyingindividuallythe rate offlow of 
said second mentioned fluid in response to 
variationsinsuchtotal heatingvalue perunit 
volume of said combustible fiuid whereby a 
predetermined calorific efect of the combus 
tion is insured. - 

5. In apparatus for proportioning fluids 

1,849,885 

usedin combustion processes?in combination, 
means for supplying a fluid for combustion, 
means for supplying another fluid in prede 
termined volumetric prooprtionality to said 
first mentionedfluid to support and assist in 
combustion thereof and means for varying 
individually the rate offlow of said second 
mentionedfluidin responsetovariationsina 
calorific efect of combustion of said first 
mentionedfluid perse 
6 In appara?us for proportioning flids 

usedincombustion processes in combination, 
means for efecting separate volumetrigaly 
proportionedflowsoffluids one ofsaidfluids 
being combustibleandother ofsaidfluids be 
ingadapted tosupport andassistin combus 
tion thereof and means operable automati 
Callyin responsetovariationsin certain cal 
orific efects of combustion ofsaid first men 
tioned fluid per se to vary individually the 
relativerateofflowofsaidotherofsaidfluids. 

7. Themethod ofproportioningfluidsused 
in combustion processes which comprisesef 
fectingaflow ofcombustiblefluid effectinga 
volumetrically proportioned flow of air to 
support combustionofsaidfluid determining theinstantaneoustotalheatingyalue perunit 
volume ofsaidcombustiblefluid andvarying 
individually the rate of said_flow of air in 
response to variations in said total heating 
Walue. - " - * * 

8. The method of proportioning fluids 
used in combustion processes which_Com 
prises efecting separate flows offluids.9me 
of whichiscombustible and another of which 
is adapted to support combustion thereof? 
ascertaining the relative volumetrig rates of 
flow of said fluids respectively and subject 
ing one of saidfluid flowstorate cgnfrolin response toyariationsin therate offlow.9f 
the other of the same to thereby normally 
maintain?a predetermined volumetric Pro 
portionality betweensaidrStes offlow with drawingacontinuoussample ofsaid combus 
tibleflid and subjectingthesametocalori 
metric means to ascertain the instantaneous total heating value perunit volumetheregf, 
and additionally Varying_individually?the 
rate offlow of said secoid mentioned fluid. 
in response tovariations in such total he"- 
ing value to thereby insure a subst8ntially 
perfeet volumetric proportionality between 
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Saidflows offiuidsforthepurposeset forth 
9. In apparatus for proportioning fluids 

usedincombustion processes,incombination, 120 
means for efecting a flow of combustible? 
fuid meansfor efecting a volumetrie"lly 
proportionedflow of airtosupport combus 
tion of said fluid means for determining 
the instantaneous total heating value per 
unit volume ofsaid combustible fluid per se, 
andmeansforvaryingindividuallythe rate 
of saidflow of airin response to variations 
in said total heating value to provide for 
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