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Lo all wihony i&6 vy coneerie: | |

3¢ 10 known that I, OTTMAR KERN, a citizen
of the United States of America,and aresident
of Paris, in the Republic of France, have in-
vented certain new and useful Improvements
In Incandescent Burners, of which the fol-

lowing is a specification.

My invention has reference to improve-

mentsinincandescent gas-burners of the kind

which originally became known as the *“ Cla-
mond ” incandescent gas-burners, and which
latter have been variously improved by nu-
merous mventors, and particularly by Auer
von Welsbach; and the object of the inven-
tion is to produce a burner that shall raise the
refractory mantle or hood to a higher degree
of incandescence than has heretofore been ac-
complished with the same amount of illumi-
nating-gas and at the ordinary pressures at
which gas is ordinarily delivered, and this
without the use of an artificial draft, such as
18 ordinarily produced by glass chimneys, and
sometimes by mechanical blowers. This ob-
ject Irealize by constructinga burnerin which
the admission of air to the gas is so adjusted
that, in the mixture obtained, the amounts of
oxygen and hydrogen are practically in the
proportion of the chemical equivalents of
these two gases. Thereby the mixture be-
comes self-burning, that is to say, it will burn

1n a closed chamber from which the external

airisexcluded. Thisself-burning mixture is,
by my improved burner, caused to issue from
the burner-tip under greater pressure than
that furnished by the normal pressure of the
gas - distributing system and with greater
speed than that with which the flame can prop-
agate itself through the mixture, whereby the
flame is prevented from burning backward
and 1s thussteadily maintained above the exit-
opening of the burner-tip. Within the flame
of suchself-burning mixture there is a zone of
superior incandescence, which zone I eall the
““hyperincandescent” zone, and which is very
much hotter than the rest of the flame. My

burner is so arranged that the refractory fila-
-ment or mantle of filaments is exceedingly
close to or immersed 1n this hyperincandes-
cent zone, whereby the filament or mantle of
filaments also becomes hyperincandescent,
and thus furnishes, with the same consump-
tion of gas, a more intense light, or the same

omne particular respect.

Bunsen pipe 5, as usual.

R N —

amount of light with a less consumption of
oas. Allthis will more fully appear from the
following detailed desecription, in which ref-
erencels made totheaccompanying drawings,
which form a part hereof, and in which—

- Ifigure 11s a longitudinal section of a Bun-
sen burner modified in accordance with my
invention. Fig. 2 shows, partly in elevation

and partly diagrammatically,an experimental

apparatus used for determining one of the
dimensions of the improved Bunsen burner.
I'ig. 5 is a longitudinal section of the im-
proved Bunsen burner provided with a gas-
mixing chamber; Fig. 4, a cross-section of a
portion of the same. FIigs. 5, 06,7, S, and 9
show burner-tips and the flames produced by
various gas mixtures. IFig. 10 is a diagram
1llustrating hypothetically the utilization of
the principles of myinvention; Fig. 11, a lon-

-gitudinal section of a complete incandescent

oas-burner constructed in accordance with

‘my invention; Iig. 12, a central section and

plan view,respectively, of the burner-tip used
1n the construction shownin Fig. 11; and Fig.
15 18 a central section of a duplex incandes-
cent gas-burner constructed in accordance
with my invention.

Like numerals of reference indicate like
parts all throughout the drawings.

Referring now particularly to Fig. 1, there
is shown a burner of the Bunsen type, but
modified in accordance with my invention in
Thereisthe ordinary
gas-inlet 1, with its nozzle 2 serewed into the
The pipe has the
cuastomary air-ports 3 and the throttle-ring 4,
whereby the admission of air can be regu-
lated at will. 'T'he distinguishing feature of
this pipe o is that it is formed to present two
cone frusta 6 7, Joined at their smaller bases
at 8, the lower cone frustum being shorter
than the upper. A pipe or tube of this gen-
eral construction, but with its parts differ-
ently proportioned, has become noted in hy-
draulics as ‘* Venturi’s” pipe. It is some-
times used as a nozzle through which water
or other fluids are discharged, and when so
used Increases the amount of the discharge.
I have found that when this double-cone pipe
is used in a Bunsen burner it operates to in-
crease the quantity ot air forced through the
pipe, produces a more thorough mixture of
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the alr and gas, and at the same time deliv-
ers the mixture at a much higher pressure
than the ordinary Bunsen burner does. The
lower cone frusium 6 I call the ‘“‘mixing-
cone,” since within the same the air and gas
are primarily mixed. The upper cone 7 1 call
the ‘‘suction-cone,” since its function 1s to
accelerate theissue of the mixture atanarrow
section 8. I havefonnd that the best results
are obtained when the angle of divergence of
the suction-cone is hetween five degrees and
seven degrees. When the angle of diver-
gence 1s increased beyond seven degrees, the
snction diminishes, and almost disappears
when the angle becomes greater than ten de-
orees.

The angle of convergence of the mixing-
cone may “be varied between wider lim1ts, but
I have found 1t best not to make this angle
larger than ten degrees. The length of the
mixing-cone must be such as to permit the
air and cas to be well mixed before the mix-
ture reaches the narrow section 8, and this
length of the mixing-cone is determined ex-
perimentally in the following manner: Over
a Jet of gas issuing vertically upward from a
nozzle 2 (see Fig. 2) I arrange a wire-gauze
10 horizontally and so that its distance from
the nozzle-opening can be adjusted. 1 then
light the mixture of air and gas above the
gauze, and by the appearance of the flame it
is noticed that the quality of the mixture va-
ries with the distance of the gauze from the
nozzle. ‘I'his distanceisthen adjusted until
the flame 11 shows the characteristic of a self-
burning mixture, as hereinbefore explained,
and which will be dwelt upon more in detail
farther on. The proper distance thus deter-
mined 1s then used as the measure of the
length of the mixing-cone 0.

I have found thm the suction-cone, in or-
der toobtain the best results, should be about
twice as long as the mixing-cone. In prac-
tice, however, 1t i1s not necessary to make it
quite so long, since it mayv be considerably
shorter and still produce sufficient suction for
the purposes of my improved burner; but
while the length of the suction-cone may be
varied consldembl} without appreciably af-
fecting the suction effect the same thing is
not true of the angle of divergence of that

cone, since, as above stated, this angle should -

be, in order to obtain the best effect, between
the limits of five degrees and seven degrees
and should never exceed ten degrees.

As an 1llustration of the dimensions of a
burner constructed upon these principles, let
usassume thatthe burneristoconsumeeighty
[iters of gas per hour. In that case the nar-
row section 8 of the pipe 5 should be seven
millimeters, the length of the mixing-cone

~three centimeters, and the length of the suc-

tion-conesix centimeters. Now the length of
the suection-cone might bereduced to five cen-
timeters and might be made even shorter and
still have sufficient suction effect. The an-

r
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ever, should always be within the limifts of
five degrees and seven degrees, since any re-
ductmn of thisangle beloxv Ve deﬂ'r'ees orany
increase of the same above seven deglees re-
duces the suction effect very considerably. 1t
is therefore not sufificient that the Bunsen
tube be shaped so that its bore defines two
truncated cones joined at their small bases,
since this general construction would be alto-
oether useless for the purposes of my inven-
tion unlessthe proportion of dimensionsabove
indicated be carefully observed.

If a Bunsen tubeis constructed as thus far

described and without the nozzle 9, (shown in

Fig. 1,) and the gas mixture issuing from the
flaring opening of the suction-pipe is ignited,
1t will not maintain a flame at and above the
opening, since the velocity of the gas under
ordinary pressure is not sufficient to prevent
1t from burning back downwardly into the
tube. In order to prevent this, the nozzle 9,
by which the exit-opening 1s reduced, is ap-
plied, and with a burner thus constituted the
flame will be maintained at and above the
nozzle.

Owing to the fact that the air and gas are
forced 150”'61’11(?1 through the narrow section s
of the pipe 5 from the mixing-cone into the
suction-cone, a tolerably 11:1t1111.€1,te mixture is
obtained; butin ordertostill more intimately
mix the air and gas the construction shown
in IFig. 3 is employed. In this case the up-
per end of the suction-cone 7 is formed with
a flange 12, having two concentric grooves,
as shown. Into theinner grooveis fitted the
lower edge of a hollow perforated cylinder
13, the upper end 14 of whieh 1s solid. The
perforations of the cylinder are preferably
conical, flaring inwardly, as indicated in IFig.
4, and while these perforations are very small
the ageregate of their cross-sections must be
large enough to offer no appreciable resist-
ance to the passage of the gas mixture. Into
the outer groove in the flange 12 1s fitted a
hollow e¢ylinder 15, which, together with the
perforated cylinder or diaphragm 13, consti-
tutes a mixing-chamber. T'he eyhnder 15 1s
surmounted by a cap 16, which terminates in
the nozzle 9. The gas mixture issuing from
the suction-cone 7 passes through the perfora-
tions of the diaphragm 13, whereby the mix-
ture is made more periect and then issues by
the nozzle 9.

Aninvestigation of the flame under various
adjustinents of the throttle-ring shows the
following results: When the throttle-ring is
turned so as to close the air-admission ports
3 completely, the flame produced has the
shape and characteristic of the flame of an
ordinary Bunsen burner when the air-ports
of the same are closed; but when now the
air-portsare gradually opened more and more,
in three successive steps, the appearances ot
the lame become as indicated in Figs. 9, 0,
and 7. First, with a slight admission of air
the flamne is long, as shown in Fig. 5, blue in

ﬂ]e of divergence of the suction-pipe, how- | color, with a central cone of a dar Ler blue;
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second, by increasing the admission of air
the size of the flame is diminished, the cen-
tral cone assumes a greenish hue, and 1s sur-
rounded by a blue envelop; third, when the
port-holes are entirely opened, the flame be-
comes much reduced in size, the central cone
becomes quite small, loses its greenish color,
and appears to be enveloped by a violently-
agitated zone of a whitish hue. This is in-
chca,ted in Fig. 7, where the white zone is
marked by the reference-numeral 17. Thepe-
culiar properties of the flames thus produced
may beinvestigated in a variety of ways. In
Figs. 8 and 9 there 1s shown a chamber 18,
closely fitted over the burner-tip 9, with an
opening 19 for the escape of the gas mixture.
If the gas mixture is such as has been dis-
cussed with reference to Figs. 5 and 6, thatis
to say, when only a small oramoderate quan-
tity of air is mixed with the gas, the mixture
will burn at the opening 19 of the chamber
18, as shown in Fig. 8, that is to say, it will
not burn until after air from the surround-
ing atmosphere has been added to the mix-
ture; but when the gas mixture is such as
has been discussed with reference to Fig.
7 and when the mixture i1s ignited at the
opening 19, the flame will immediately jump
back and burn at the nozzle 9, although a
small flame may still remain at the mouth of
the opening 19. This proves that the mix-
ture produced, when the portsof myimproved
burner-are wide open or properly adjusted,
is a self-burning mixture, and thisisthe kind
of mixture of air and gas which must be pro-
duced in my improved burner in order to ac-
complish the results aimed at. The small
flame which still remains at the opening 19
is due to a small portion of gas which 1s not
burned at the burner-tip 9, and thisindicates

that the mixture is not absolutely self-burn-

ing, that is to say, that there is not yet sut-
Now by the
admixture of additional quantities of air the
small flame at the opening 19 may be reduced
to a minimum, thus showing that the mix-
ture 1s more and more approaching that con-

dition in which it is absolutely self-burning.

It will now be understood that for differ-
ent qualities of lighting-gas and for different

pressures the air-ports must be adjusted dif-

ferently in order to produce a self-burning
mixture, and the burner shown in Fig. 3,
with the addition of the top chamber 18,18 a
convenient means for determining in each
case the required adgustment of thc throttle-
ring.

The heating capacities of the diiferent por-
tions of the
ferent adjustments of the throttle-ring, con-
templated with reference to Figs. 5, 6,and 7,
can be examined by the introduction into
the flames of refractory filaments, as indi-
cated in Kigs. 5, 6, and 7, where such fila-

ments are shown at 20.
In the case of the flame indicated in Fig.
5 it 1s found that the f‘lament reaches ’rhe_

flames produced by the three dif-

highest degree of incandescence when it is
placed within the outer part and near the
outer surface of the flame, as indicated in
the drawings, and not when it 18 Immersed
into the interior of the flame. This shows
that the most perfect combustion occurs
where the gas mixture comes in contact with
the surrounding atmosphere, from which it
receives addlt,londl oxygen, while the com-
bustion within the flame is comparatively
very imperfect. Withsuch flame as is indi-
cated in Iig. 6 it is found that the filament
is raised tothe same degree of 1ncandescence
in all parts of the flame, from which 1t must
be concluded that the degree of combustion
is the same all throughout. When compar-
ing the degree of incandescence ol the fila-
ment 20, which just touches the outer sur-
face of the flame shown in FKig. 5, with the
degree of incandescence of the filament 1m-
mersed in the flame shown in FKig. 6, 1t is

70

75

80

found that these incandescences are about

the same, that 1s to say, the combustion in
the case of Fig. 6 all throughout the flame is

of the same degree as the combustion on the

outer surface of the flame shown in Iig. 5.
If now the flame produced by the self-burn-
ing mixture, as represented in Kig. 7, 18 ex-
plored with a refractory thread, it 1s found

' that it is raised to an exceedingly high de-

oree of incandescence in the hyperincandes-
cent zone 12, while in all other parts of the

flame the incandescence of the thread is com-

paratively low. These observations conclu-
sively show thalthe highest degree of incan-
descence of a refractory mantle wounld be ob-
tained by exposing it to the heating etfect of
the hvperincandescent zone of a self-burn-
ing mixture of air and gas, and 1t will pres-
ently be shown how this is accomplished.

- Suppose a burner, such as described, with
anignited self-burning mixture issuing from
the same be inclined, as shown in Fig. 10, so
as to make the side of the hyperincandes-
cent zone along one line (the generatrix) ver-
tical, and suppose that a refractory thread
20, also extending vertically, be adjusted
either near to or actually touching or im-
mersed in the vertical portion of the hyperin-
candescent zone. Then the whole flame will
take the shape indicated in Fig. 10, and a

considerable portion of therefractory thread

will be raised to hyperincandescence. Sup-
posing now that this whole hypothetical
structure be rotated about a vertical axis, as
diagrammatically indicated, 1t 1s evident that
the hyperincandescent thread will trace in
space the surface of a cylinder, and if rotated
fast enough the eye of the observer will be im-
pressed as by a hypenncandescent cylinder.
These considerations led to the following con-
struction of my improved incandescent gas-
burner, the simplest form of which 1s shown
in Fig. 11: In this case there is fixed upon the
top of the diaphragm 13 a conically-faring
cup 21, while upon the cap 16.01 the eyhnder

1518 fitted a short cylindrical tube 22 and the
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dimensions of these two parts are such as to | cap of the ceylinders 15" 18", and an annular

form between their upper edges an annular
nozzle from which the gas mixture issues in
such direction that when ignited the outer
surface of the hyperincandescent zone will be
vertical, or nearly so, while the inner surface
of that zone will be inclined outwardly. A
mantle 23, of refractory threads, is fitted over
the short eylinder 22 and is suspended at its
upper end from a copper hook 24, fitted to a
ball 25, also of copper or other good conduc-
tor of heat and which is secured to the ex-
terior cylinder of the mixing-chamber. A
burner thus constructed does not require a
draft of air along the surface of the mantle
of refractory threads, since the combustion
of the self-burning gas mixture is perfect
without resort to such artificial draft. No
glass chimney therefore need be employed.
1The hyperincandescent zone of the flame of
the self-burning gas mixture does extend up-
wardly, but not throughout the whole length
of the mantle. A portion of the length of the
mantle therefore only will be raised to hyper-
Incandescence, while the upper portion of it
will be heated less, but still to a high degree
of 1incandescence, and the effect of the whole
will be that of an extremely highly incandes-
cent body much higher than is obtained by
the ordinary incandescent gas-burners.

It is evident that the upper portion of the
bail 25 will be heated considerably by the as-
cending jet, and, being connected with the ex-
ternal cylinder of the mixing-chamber, it will
heat the gas within the sanie by conduction,
which is an additional advantage.

Instead of making the burner-tipin two con- |
centric parts 21 22 the tip may be stamped ;

out of one sheet of metal and have the form
indicated in Fig. 12, in which case, however,
the flame will notbe completelvannular, since
the gas mixture will issue only by the sectoral
ring-openings 26 or by a number of holes,
which may be circularly arranged. In each
case, however, whatever be the shape of the
burner-tip opening or openings the hyperin-
candescent zone or zones 17 of the

in I'ig. 12, that 1s to say, one side will be ver-
tical and the other inclined outwardly.

IFor a greater amount of light the duplex
stracture of 1ncandescent burner shown in
Fig. 13 may be employed. In this case there
are a number of Bunsen pipes receiving the
gas from a gas-chamber 27, upon which they
T'he upper ends of these Bun-
sen pipes are fitted into a metal ring 127,
which thus forms a common flange for the up-
per ends of the suction-cones of the modified
Bunsen pipes. Into four cencentric grooves

formed in the upper surface of the ring 12’ is
fitted the annular mixing-chamber 28, com-
posed of two concentric cylindrical perfo-
rated diaphragms 13" 13" and two concentric
cylinders 15’ 15", both being capped, asshown.
In this case the burner-tip is composed of two
concentric cylinders 22

c)c)u'

itted upon the

ame or |
flames will have the shape which isindicated ;

flaring trough 21', fitted upon the cap of the
diaphragm. In this manner there are in
reality produced two concentric annular
burner-tip openings, which would furnish two
concentric annular flames, each having a hy-
perincandescent zone. Upon the short out-
side cylinder 22" is fitted the upwardly-con-
verging mantle 23", and within the inner
short cylinder 227 is fitted the upwardly-di-
verging mantle 23’ of refractory threads.
These two mantles, therefore, togetherinclose
an annular space, and both the outer and in-
ner walls are exposed to the heating effect of
the hyperincandescent zone of the flames of
the self-burning gas mixture. The mantles
may be mounted upon rings 29 80, joined by

bails 81, which in turn may be suspended from

hooks 24, descending from arms 32, radiating
from a rod 33, which rises from a cross-piece
34 of the ring 12. A number of short radial
arms 39, extending from the vertical rod 33,
are connected with the inner solid wall of the
mixing-chamber. All these connections are
made of good conductors of heat, so that the
ogas 1n the mixing-chamber is heated prepara-
tory to 1ts ignition.

It will be understood that the details of con-
struction of my improved incandescent gas-

- burner may be varied in a great number of
- ways without departing from the fundamen-

tal principles of my invention; that, there-
fore, I am not limited to the exact details of
construction herein shown and described, and
that I am in no way limited to the use of man-

tles of any particular refractory material or

composition of such materials.

Ilaving now fully described my invention,
I claim, and desire to secure by lLetters Pat-
ent

1. The method of raising a refractory body
to a high degree of incandescence, which con-
sists in subjecting the refractory body to the
heating effect of the hyperincandescent zone
of the flame of a self-burning mixture of air
and gas, substantially as described.

2. The method of raising a refractory body
to a high degree of incandescence, which con-
sists 1n maintaining such body, as nearly as
practicable, in superficial contact with or
within the hyperincandescent zone of the
flame of a self-burning mixture of air and gas,
substantially as described.

3. 'I'he method of giving high illuminating
power to a mantle or hood of refractory ma-
terial, which consists in maintaining the hiy-
perincandescent zone or zones of a flame ov
flames of a self-burning mixture of air and
gas, as nearly as practicable, in superficial
contact with a part or parts of such mantle
or hood, substantially as deseribed.

4. The method of giving high illuminating
power to a mantle or hood of interlaced
threads of refractory earths, which consists
1n subjecting the lower portion of such man-
tle or hood to the heating effect of the hyper-

incandescent zone orzones of aflame or flames
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of a self-burning mixture of air and gas, sub-
stantially as described.

5. The method of giving high illuminating
power to an annular mantle or hood of inter-
laced threads of refractory earths, which con-
sists in directing the hyperincandescent zone
of an annular flame of a self-burning mixture
of air and gas, as nearly as practicable, into
contact with a portion of the inner surface of

said mantle or hood, substantially as de-

scribed. |

6. An annular gas-burner tip, designed for
the consumption of a self-burning mixture of
air and gas, composed of an exterior ¢ylin-
drical tube and a concentrie interior, up-
wardly and outwardly widening, conical tube,
whereby the outer surface of the hyperincan-
descent zone of the flame forms, approxi-
mately, as a vertical cylinder, substantially
as deseribed. |

7. In anincandescent gas-burner, designed
forthe consumption of a self-burning mixture
of air and gas, the combination of an annular
burner-tip constructed to shape the outer sur-
face of the hyperincandescent zone of the
flameintoan approximately vertical cylinder,
with a mantle or hood of refractory threads,
concentric with such zone and, as nearly as
practicable, in superficial contact with the
same, substantially as described.

8. An incandescent gas-burner, composed
of two concentric mantles or hoods of threads
of refractory material, and two concentric an-
nular burner-tips, each directing an annular
flame into heating proximity to one of the.
mantles, substantially as described.

0. Animproved Bunsen burner for produc-
ing a self-burning mixture of air and gas,
composed of an upwardly-converging hollow
mixing-cone, into which the air and gas are
admitted, and an upwardly-diverging hollow
suction-cone, having an angle of divergence
of not more than ten degrees, substantially
as described.

10. Animproved Bunsen burner for produc-
ing a self-burning mixture of air and gas,
composed of a hollow, upwardly-converging

truncated cone, whose apex angle 1s not

greater than ten degrees, and into which the
alr and gas are admitted; and a hollow, up-
wardly-diverging truncated cone whose apex
angle 18 between the limits of five degrees
and seven degrees, substantially as described.

11. Animproved Bunsen burner, composed
of an upwardly-converging, hollow mixing-
cone, of such determined length as to mix the
admitted airand gasinto a self-burning com-
pound, and an upwardly-diverging truncated

hollow suction-cone of suitable length, and

having an apex angle preferably belween
five degrees and seven degrees, and not more
than ten degrees; the two cones being joined
at their smaller bases, substantially as de-
scribed.

In testimony whereof I have signed my
name to this specification in the presence of
two subscribing witnesses.

OTTMAR KERN.

Witnesses:
EDWARD P. MACLEAN,
PAUL SAUTREATU.
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