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This invention relates to combustible materials 
such as fuels and especially fuels of a vaporous 
or gaseous nature. This invention relates to the 
determination of the heating effect of fuels and 
also to the preparation of fuels of a constant 
heating value. 

Heretofore to measure continuously the heat 
ing value of a gas it has been customary to 
measure the effect of the combustion of a given 
quantity of the heating fluid upon the tempera 

Such 
procedure is very complicated and is subject to 
very large errors due to flow changes in the heat 
ing or in the heated fidd, etc., as is well known 
in the art. 
Due to these complications operators have fre 

quently been compelled to estimate the heating 
value of a fuel by observing a fiane and its 
structure. This procedure is very largely af 
fected by sunlight or artificial light and cannot 
be accomplished within close limits. 

It is the object of this invention to provide 
an improved means for measuring the heating 
effect of combustible fluids. It is another ob 
ject of this invention to provide an improved 
means for measuring the characteristics of a 
flame and particularly the temperature gradent 
of a stationary flane. 
The features of novelty which characterize the 

present invention are pointed out with particus 
larity in the claims appended to and forming a 
part of this specification. For a better tinder 
standing of the invention and its advantages, 
however, reference should be had to the follow 
ing detailed description taken in connection with 
the accompanying drawings, in which 

Fig. 1 shows, in an elevator and partly in sec 
tion, the flarge analyzing device of this invention. 

Fig. 2 shows, in elevation partly broken away 
and in section, Snother view of the flane analyz 
ing device of this invention. 
According to this invention the heating effect 

... or value of the combustible insterial is ascer 
tained by bring SOEne of the fuel and deter 
mining the characteristics of the fiane pro 
duced le stationary type of fiane is used as 
the form in which the flame characteristics may 
be most practicably and accurately determined. 
Accordingly a burner is provided which will burn 
the combustible material with a stationary fame 
of we defined structure and characteristics, 
Such a burner is shown in Fig. . 
The combustible materia, usually a gas or a 

vapor, enters through pipe connection 0, fixed 
in the block of the burner. Block is pro 

1930, Seria No. 473,50 
(C. 3-32) 
vided with a passage or Orifice 2 of small size, 
through which the combustible fluid passes. A 
tube f8 is arranged to receive the combustible 
fluid passing through the orifice 2, and the tube 
3 is supported relative to the block by the 

cylinder & fixed to the block by any suitable 
means such as the screw S. The tube 3 may be conveniently supported in the cylinder (3 by 
rings 6. The cylinder 6 is provided with open 
ings which permit the passage of air or any 
other fluid surrounding the burner therethrough. 
The tube 3 is provided with a sleeve or collar 
8 adjustable longitudinally thereof. The on 

gitudinal adjustment of the sleeve or collar 88 
relative to the tube 3, n.8y be effected in any 
of a variety of ways, and preferably is made so 
adjustable by providing the tube and the collar 
With screw threads. The sleeve or coller 3 is 
provided with a substantially flat surface on its 
botton face 9. By adjusting the sleeve or col 
lar 8 longitudinally of the tube 3, s gap be 
tween the block and the collar 8 nay be 
varied so as to vary the rate at which air is 
drawn in the tube 3 by the aspirating effect of 
the combustible material flowing from the orifice 
2 into the tube 3. 
The collar 8 conveniently carries a sprocket 

26 driven by a chain. 2 trained Over the sprocket 
22. The sprocket 22 is fixed on shaft 23, rotat 
able in bearings 24. The shaft 23 carries a gear 
25 meshing with gear 26 rotatably carried by 
support 27. The shaft 28, upon which the gear 
26 is fixed, is provided with a kerf with which 
a suitable tool may be engaged for adjusting the 
position of the collar or sleeve 8. 
A frame 29 is carried by the burner and is cone 
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veniently supported on the tube 3 by a collar 36 
fixed on the tube and supporting the bar 3 which 
is split and provided with an opening fitting 
around the sleeve 30, the bar 3 being ciamped 
onto the sleeve 30 by screws 32, drawing together 
its split halves. At either end of the bar 3 and 
clamped between its split halves are upright 
standards 33 which are held in fixed spaced relao 
tion at their upper ends by the ring 38, bolted to 
the uprights 33 by bolts 35-35. The ring $4 serves 
to maintain the vertical standards 83 in ac 
curately spaced relation without interfering with 
the filame of the combustible gas issuing frofit the 
burner. The upright standards 38 carry ther no 
couples 38 of any suitable material, preferably of 
platinuin and platinuin-rhodium. The thermo 
couples are fixed in the standards 33 in any suit 
able manner and preferably by clamping then in 
place. The junction of the thermo-couples extend 
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inlet pipe O. A plug 43 is threaded into the block 
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2 
into the body 37 of the fame of combustible gases 
issuing from the burner. 
The therno-couples 36-36 are connected dif 

ferentially, that is the polarities of Some of the 
thermocouples are opposed to the polarities of the 
remaining thermocouples as shown in Fig. 1, to an 
indicating, recording, or controlling instrument 
38 of any suitable and well known type. 
In order to protect the thermo-couples from 

mechanical injury, especially when the com 
bustible gases are being lighted, a screen 39 Sur 
rounds the support in such a position, as shown 
in Fig. 1, as to protect the thermo-couple 36. The 
screen 39 depends from ring 40 to which it is 
secured by brazing, soldering, welding or clamp 
ing, or any suitable manner. The ring 40 is se 
cured to the standards by bolts 35. The Screen 
39 is provided with a lower band 4 which Syn 
metrically weights the screen. So that the Screen 
will hang in a position as shown in Fig. 1 when 
the instrument is upright. In addition, the band 
4 cooperates with bar 3 to support the screen 
39 at its lower margin when the burner is not 
in upright position. 
The block has a passage 42 leading from the 

and is provided with a passage 44 of restricted 
size, leading to the passage 42 in the block . 
A tube 65 extends from the plug. 43 and is open 
to the passage 44. The tube 45 is open at its upper 
end 46 and acts as a pilot light for the burner. 
The relative size of the orifices 2 and 44 is such 
that only a small percentage of the combustible 
fluid entering through pipe connection 10 passes 
into the pilot tube 45. 
In the operation of the device as so far de 

scribed, the combustible fluid entering through 
the pipe connection e, passes through the orifice 
2 into the tube 3 and draws, by an aspirating 

action, a supply of primary air through the gap 
between sleeve 8 and the block f. The supply 
of primary air can be adjusted to any desired 
quantity by adjusting the gap between the sleeve 
A8 and the block . The mixture of combustible 
gas and air is lighted as it issues from the tube 
3 and burns with a stationary flame composed 
of the body part 37 and inner cone 4. The size 
of the flame is determined by the supply of pri 
mary air and by the quantity and composition of 
the combustible fluid. As the quantity or the 
quality of the combustible fluid varies, the inner 
cone. 47 rises and falls, and the temperature 
gradient or temperature difference between those 
parts of the flame in which junctions of the 
thermo-couples 36 are positioned, varies corre 
spondingly. For optimum operation it is desir 
able to have the junction of the thermo-couples 
36 positioned in the body 3 of the flane and so 
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positioned that none of the thermo-couples will 
enter into the cone 4 in any position or size of 
the fame. It has been found by experiment that 
as the structure of the flame changes so that the 
height of the inner cone 3 varies, the temperature 
gradient between those parts of the flame in 
which the junctions of the thermo-couples are 
positioned, varies in exact proportion to the height 
of the inner cone of the flame. It has long been 
recognized that the height of the inner cone of 
the flame is a practical working standard for the 
heating effect of a flame of burning gas having 
unvarying constituents. Accordingly the Varia 
tion of the temperature gradient along the fame, 
in the direction of fame propagation, is a prace 
tical measure of the heating effect of the rar 

2,052,181. 
ticular fluid being burned. The instrument 38, 
which is responsive to the variation in the tem 
perature gradient in the flame, may be employed 
to indicate or record the heating value or effect 
of the combustible fluid, or it may be employed 
to control a System so as to adjust the system in 
accordance with the variation in the heating ef 
fect of a flame of the combustible fuid being 
used in the System. 

In addition to the well known fact that from a 
practical operating standpoint the height of the 
inner cone of the flame of the type produced by 
the burner shown in Fig. 1, is regarded as a 
Satisfactory Criterion of the heating value of a 
fluid containing non-varying constituents, it has 
been determined experimentally that the height 
of the inner cone 4 does bear a definite relation 
to the heating value of a combustible fluid so 
long as the nature of the constituents of the com 
bustible fluid does not change. Wariations in the 
proportions of the constituents of the combustible. 
fiuid produce a change in the flame structure 
which bears a definite relation to the heating 
value or effect of the combustible mixture. Ac 
cordingly, by using the instrument 38 to control 
the quantity Supply of the combustible mixture or 
the particular ratio of composition of constituents 
of the combustible mixture so as to maintain a 
flane of constant structure or of the constant cone 
height 47, the heating effect of the combustible 
mixture may be maintained constant. Since the 
temperature gradient of the flame measured by 
the thermo-couples 36 is in exact proportion to 

, the height of cone 6, the temperature gradient 
in the flame may be used through the instru 
mentality of the control device 38 to effect auto 
matic control of the composition of a combustible 
mixture so as to maintain it of a constant heating 
value or effect. y 
While it has been found entirely satisfactory 

to feed the primary air to the burner through a 
gap such as that between the sleeve 8 and the 
block in the construction shown in Fig. 1, as 
an alternative construction it may be desirable 
and practicable to feed the primary air into the 
burner tube from a supply of compressed air 
through suitable pressure controlling device. 
Where it is desired to use oxygen or to precondi 
tion the primary air, a Supply of air Such as an 
auxiliary Supply connected to the pressure tube 
by tubing may be used. 

In addition, as another alternative way in 
which the flame analyzer may be used, air or 
Oxygen may be fed through the burner tube and 
the gas under test may be used as the atmos 
phere surrounding the burner tube. 
As shown in Fig. 1, four thermo-couples are 

used in tWO pairs Symmetrically, arranged about 
the axis of the flame so that deviations in the 
flane shape from a symmetrical shape will not 
effect the Operation of the .instrument. In the 
arrangement shown in Fig. 1, each pair of ther 
mo-couples at the same level coact in neutraliz 
ing the effect of horizontal deviation or lateral 
displacement of the fame at that level. If de 
sired, a larger number of thermo-couples may be 
used to determine the temperature at a series of 
points in the flame and thereby measure more 
accurately the temperature gradient throughout 
the body of the flame. '. 

In order to make the burner and its associated 
parts an instrument of a high degree of accuracy, 
it is found convenient to surround the buntier with 
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a shield such as shown in Fig. 2, which is of th 
following construction: w 

O 

15 

A base 48 has attached thereto the standards 
49, which support a cup shaped sheet metal meme 
ber se. The member 60 is provided with an ap 
ertures in its base through which the pipe con 
nection to passes. At its top, member 50 is pro 
vided with an aperture 52 into which the cup 
shaped member 53 fits. The cup shaped member 
S3 is provided with an aperture 54 through which 
pipe connection fo passes and a bushing 55 is 
provided for separating the members 50 and 53. 
The block rests upon the bottom of the cup 
shaped member 53, which thereby supports the 
burner. A tubular member 56 rests in a flange 
5 of the member 53 and supports at its top the 
cap 58 provided with the flange 59, which fits on 
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to the upper end of the cylinder 56. The mem 
bers 50 and 53 are provided with apertures 60 
through which air may be drawn into the interior 
of the casing to provide a steady supply of air for 
the burner. The products of combustion pass up 
Wardly through the opening 6 and out through 
openings 62 in cap 58. The cap 58 is provided 
with a baffle, 63 depending therefrom, which 
serves to prevent the flame from striking the cas 
ing. A door 64 is conveniently provided on the 
cylinder 56 which may be opened to permit light 
ing the combustible, gases. An aperture, (not 
shown), may be provided in the member 58 
through which a tool may be inserted for engag 
ing the kerf of the shaft 28 to adjust the primary 
air supply. 
The casing provides a shield for the burner 

which prevents changes in atmospheric cond 
tions, drafts, or mechanical disturbance from in 
terfering with the flame of the burner, so that 
the burner operates practically independently of 
Surrounding conditions. The casing is so con 
structed and the apertures are such that the flow 
of air to the burner and of the products of com 
bustion from the burner are not appreciably 
hindered. 

In case the combustible content of the con 
bustible mixture falls so low that the flame of the 
burner dies out, the pilot 48 will continue to burn 
for a considerable length of time due to the fact 
that the combustible gases issuing from it are 
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not mixed with a primary supply of air, and ac 
Cordingly when the composition of the gas under 
test again changes to a combustible mixture, it 
will be lighted by the pilot flame. 

Inasmuch as it is desired to employ the fame 
analyzer to respond to changes in the combusti 
ble condition of the combustible mixture or its 
heating effect, it is desirable that the combusti- . 
ble mixture be fed to the burner at a constant 
rate and under constant pressure, and it may be 
desirable to precondition the combustible gas as 
to moisture content and temperature. Accord 
ingly the flow of gas under test may be controlled 
by any suitable pressure regulator, either of wet 
or dry type, and the gas may be brought to and 
held at an even termperature, and the moisture 
content may be adjusted by any of the Well known 
and suitable devices available. 
An orifice is is conveniently provided in the 

pipe line SS leading to the burner for creating 8. 
pressure differential kepending on the rate of 
flow which is measured by U tie nanometer 6. 
In addition a U tube pressure gauge 63 may be 
attached to the pipe line 68 to measure the pres 
sure of a combustible mixture flowing to the 
burner. 

in the operation of many systems for supplying 

3 
gas for heating and industrial purposes, the 
available supply of gas changes from time to 
time and accordingly the combustible mixture 
may be made up of a mixture of natural gas, 
producer gas, coal gas, butane, hydrogen, and 
many other inflammable fluids; the quantities of 
such gases which are available, varying from time 
to time in a manner uncontrollable by the user. 
In maintaining a supply of fuel for home and 
industrial consumption where the mixture must 
be made up from such a variable supply of the 
Constituents of the mixture, it is necessary to ad 
just the composition of the mixture from time to 
time as the supply of the constituents of the mix 
ture varies, in order to keep the heating effect 
and the fame produced by burning the gas sub 
stantially constant. The flame analyzer herein 
disclosed lends itself readily to the control of a 
System for maintaining a mixture of gases at 
a substantially constant heating effect or flame 
structure, 

In addition, the flame analyzer may be used for 
other purposes than to adjust the composition of 
a combustible mixture of gases in a predeter 
mined manner; for example, where a combustible 
mixture is employed for heating a particular ma 
terial or product, variations in the heating effect 
of the combustible mixture as determined by the 
flane analyzer may be caused to control the 
rate of flow of the medium being heated, or may 
be caused to control any of the many furnace 
conditions such as damper position, draft posi 
tion, etc., to adjust the resulting effect upon the 
material being heated in the manner desired. 
While a particular embodiment of the flame 

analyzer has been herein disclosed by way of ill 
lustration, it is not intended so to limit the inven 
tion, inasmuch as many modifications in the de 
tails of construction and operation of the in 
strument and the control systems in which it may 
be used, Enay be made, as will be apparent to one 
skilled in the art, without departing from the 
SCOpe and spirit of the invention. 

Having disclosed my invention, what I claim is: 
1. The combination with means for burning 

fluid fuel in an elongated stationary fame, of 
means for measuring a temperature gradient in 
Said fiane comprising a plurality of temperature 
responsive devices distributed longitudinally of 
the flame and extending into the flane at one 
side of the latter and another plurality of tem 
perature responsive devices extending into the 
flane at the opposite side of the latter and also 
distributed longitudinally of the flame, the devices 
at the One side producing one effect, and the de 
vices at the other side producing another effect 
which decreases or increases relatively to said one 
effect accordingly as the axis of the flame is dis 
placed toward or away from said one side, and 
means responsive to the sum of said effects, 

2. A device for measuring the heating effect 
of a Cornbustible fluid which consists of means 
for burning a sample of the fluid as a stationary 
flame in which the combustion progresses from 
an initial Surface of combustion, first means re 
sponsive to the temperature difference between 
a plurality of parts of the flame distributed along 
the direction a which combustion progresses, 
second neas spaced apart from the said first 
means in a direction transversely of the direction 
in which combustion progresses and responsive 
to the temperature difference between a plurality 
of parts of the fame distributed along the direc 
tion in which combustion progresses, and meas 
uring means jointly responsive to said first and 
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4. 
second means, whereby on deflection of the fame 
toward either of said means and away from the 
Other of said means the increased response of one 
means neutralizes the effect of the decrease in the 
response of the other means. 

3. A device for measuring the heating effect of 
a combustible fluid which comprises, a burner for 
burning the fluid as a stationary flame, a support 
fixed relative to the burner, first temperature re 
sponsive means comprising a plurality of ten 
perature responsive elements held in the flame 
by the support, said elements being arranged 
along the direction of flame propagation, second 
temperature responsive means displaced trans 
versely of and producing an effect in the same 
direction as the first mentioned means and com 
prising a plurality of temperature responsive 
elements arranged along the direction of flame 
propagation &nd an indicator connected to said 
elements so as to respond to the sum of the effects 

... of the first and second means. 
4. A device comprising a burner for burning a 

fluid as a stationary flame, a support, a plurality 
of thermo responsive elements mounted on said 
support and adapted to project into said flame 
when burned to produce an effect responsively 
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to the flame temperature, means responsive to 
the combined effects of said elements, the said 
elements being displaced angularly about the axis 
of said burner, and arranged so that the ind 
vidual effects of the elements displaced angularly 
from one another are in the same direction, 
whereby movement of the flame, in a direction 
transversely of said axis, will be substantially in 
effective upon the means responsive to the come 
bined effect of Said elements. &s 

5. The combination with means for burning 
fluid fuel in an elongated stationary flame, of 
means for measuring a temperature gradient in 
said flame comprising a plurality of fixed ther 
mocouple junctions in said flame, distributed 5 
longitudinally thereof on opposite sides of the 
flame and at least one pair of said ther Ocouples 
being arranged in the same horizontal plane at 
opposite sides of the fame, the polarites of the 20 
thermocouples being such that the thermocouples 
disposed on the same side of the flame are dif 
ferentially connected and the thermocouples in 
the same, horizontal plane are additively con 
nected. 
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