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13 Claims. (C. 158-11). 
This invention relates to burriers and more par 

ticularly, though not exclusively, to what are 
commonly termed combustion tube burners. The 
latter are usually provided with one or more 
combustion chambers having perforated tubular 
Walls through which air enters to mix With fuel Wa 
por ascending from a fuel space at the bottom 
of the chamber, the mixture being burned in the 
combustion chamber and a blue flame issuing from 
the upper open end thereof. Such burners are 
commonly employed in connection with a single 
fuel supply source, such as oil or other liquid fuel, 
which is supplied to or has connection with a 
fuel groove or trough immediately beneath the 
combustion chamber. 
The objects of the invention among other 

things are to improve the construction of burners 
of this type, increase their utility by making them 
adaptable to a wider range of service and to de 
crease the starting interval or period required for 
preheating when employed with liquid fuel. 
These and other objects of the invention will be 

best understood by reference to the following 
description when taken in connection with the 
accompanying illustration showing One specific 
embodiment thereof, while its scope will be more 
particularly pointed out in the appended claims. 
For descriptive purposes the liquid fuel is herein 
referred to as oil, although other types of liquid 
fuel may be employed. 

In the illustrated embodiment of the invention, 
the burner is so constructed that it Will Operate 
with complete effectiveness for either long or short 
intervals from a supply of either oil or gaseous 
fuel. While it has certain constructional advan 
tages which materially improve its operation, as 
hereinafter pointed out, when Supplied with oil 
alone and without a gaseous fuel Supply, in the 
disclosed embodiment of the invention the con 
nections are such that either oil or gaseous fuel 
may be supplied at will so that the burner may 
be operated exclusively from a source of liquid 
oil supply or from a source of gaseous fuel sup 
ply, or its operation at one time when supplied 
with gaseous fuel may be followed without inter 
ruption by its operation with oil, or vice versa. 
The ordinary combustion tube burner, when 

supplied solely with oil, has certain disadvantages 
which limit its field of usefulness. In starting a 
burner of this type from a cold condition it is 
necessary to preheat the burner walls before final 
ly turning on the full continuing Supply of the 
oil so that some vaporization of the oil will take 
place when it reaches the fuel space and the ris 

ing vapor will form a combustible mixture with 
the incoming air in the combustion chamber. 
One common method of preheating is to pro 

vide the fuel groove with an asbestos or other 
wick, which is first saturated with oil or other 
priming fluid and then lighted by a taper. After 
an interval of preheating sufficient to cause a 
vaporization of a portion of the oil reaching the 
fuel groove, the supply is then turned on. As the 
temperature rises, the walls of the groove and 
adjacent passages become more highly heated and 
an increasingly greater proportion of the oil 
reaches the groove in vaporized form and finally, 
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after the lapse of a substantial interval, the oil . 
reaching the fuel Space or spaces is completely 
Vaporized and an intensely hot blue flame results, 
The prolonged interval required for the pre 

heating before the burner can be brought to its 
full heating capacity, which may be termed the 
starting interval, is a serious drawback to the 
more general use of this type of burner. . Due 
also to the fact that the oil is delivered in liquid 
form and must be vaporized by the heated sur 
rounding walls of the burner before it can be ig 
nited in the combustion chamber, the heating ef 
fect of a burner of given size is limited and, while 
it may be ample for ordinary purposes, if an es 
pecial occasion arises calling for a more intense 
heat, the burner cannot be forced beyond a given 
point by merely increasing the rate with which 
oil is supplied. 

In the described embodiment of the invention, 
if it is desired to operate the burner with oil, the 
starting interval may be cut down to a relatively 
short period by first turning on and igniting the 
gas from the Source of gas supply which willim 
mediately develop the full heating capacity of 
the burner and will quickly raise the temperature 
of the burner walls to a point sufficient to fully 
vaporize the oil. Accordingly the latter, without 
the long delay heretofore necessary, may be 
quickly turned on and the gas shut off, almost 
immediately reaching the full oil-heating ca 
pacity of the burner under the supply of oil, 
thereby eliminating in large measure the disad 
vantage due to a prolonged starting interval. 
On the other hand, where it is desired usually 

to operate the burner under oil but at times to 
Operate it under conditions of more intense heat 
than could be obtained by liquid fuel, the latter 
may be shut off and the gas turned on to force 
the burner beyond its oil heating capacity and 
to give whatever degree of flame may be called 
for. 
The construction of the burner which qualifies 
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.2 
it to burn either type of fuel adapts it to a wide 
range of conditions. If gas is readily available 
and relatively economical it may be employed 
primarily with gas, and oil may be drawn from a 
source of oil supply only on those Occasions when, 
as often happens, the gas supply may fall or be 
inadequate. If, as is usually the case, oil is more 
economical than gas, the burner may be primari 
ly operated from the source of oil and operated 
with gas only for preheating or when the oil 
supply is depleted or not available, or when a 
special occasion arises for forcing the burner 
beyond a heating capacity which is obtainable 
from the oil. On the other hand, the burner may 
be operated at will exclusively by oil or exclu-. 
sively with gas, as circumstances may demand. 
In the drawings: 
Fig. 1 is a central, longitudinal section in ele 

vation, partly broken away, showing one form of 
the invention applied to a common type of Con 
bustion tube burner; 

Fig. 2 is an end view, on a somewhat larger 
scale, showing the air and gas mixing valve; 

Fig. 3 is a plan view of the burner base looking 
from above; 

Fig. 4 is a similar view looking from beneath; 
Fig. 5 is a sectional detail on the line 5-5 in 

Fig. 3; and 
Fig. 6 is a similar section on the line 6-6 in 

Fig. 3. 
Referring to the drawings and to the embodi 

ment of the invention which is here Submitted 
for illustrative purposes, one of the many forms 
which the invention may assume is shown, by 
way of example, as applied to a combustion tube 
burner of a well-known oil fed type. It is to be 
understood, however, that the same has applica 
tion to oil or other liquid fuel burners of widely 
different form. Referring first to the oil burning provision for 
the burner, the latter is provided with a base 
plate 11 in the form of a casting having an outer, 
generally annular portion 13 and an inner, con 
centric, annular portion 15 connected one to the 
other by a series of webs 17, herein four in num 
ber, and providing for an annular admission 
space 19 between the two annular members of 
the base, interrupted only by the Webs. As in 
dicated in Fig. 3, the base may be formed in 
tegrally with a similar duplicate base member, 
one of the two burner structures only being 
herein shown. 
The inner member 15 is provided with a Cen 

tral air admission opening 21 Surrounded by an 
upstanding, ring-like flange 23, the outer edge of 
the inner member also having an upstanding, 
ring-like flange 25 spaced from but concentric 
with the flange 23. The flanges 23 and 25, to 
gether with the connecting wall of the base cast 
ing, form a relatively wide annular compartment 
or channel, on the bottom of which there is pro 

* vided a raised annular lip 27 extending Com 
pletely around the channel and separating the 
latter into an outer fuel space defined by the 
groove 29, and an inner vaporizing space 31 be 
tween the lip 27 and the flange 23, to which 
vaporizing space oil is adapted to be delivered by 
the pipe connection 33 through the opening 35 
in the bottom wall of the vaporizing space. The 
annular lip 27 constitutes a dam or baffle which 
normally prevents the flow of oil in liquid form 
from the supply opening 35 to the fuel groove 29, 
the passage of vaporized oil taking place, how 
ever, without hindrance . over the top of the 
raised lip. The bottom of the vaporizing space 
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within the annular lip constitutes a flow plate 
Over which any liquid entering the burner must 
flow and by which, when the burner is heated, it 
is readily vaporized. 

Herein the outer annular member 13 of the 
base casting is also constructed to present an 
outer fuel groove 37 formed between the upright 
Spaced annular flanges 39 and 41, the outer fuel 
grOOve being of lesser radial width than the 
groove between the flanges 23 and 25 but of ap 
proximately the same width as that of the fuel 
space 29 between the flange 25 and the lip 27. 
The outer fuel groove is connected to the inner 

groove by means of Supply ducts 43 formed in the 
WebS 17, so that free circulation takes place 
throughout both fuel grooves of vaporized oil sup 
plied from the vaporizing space. 
The top of the vaporizing chamber 31 is closed, 

except for the direct escape of vaporized oil to 
the fuel Space 29, by a removable annular cover 
plate 45 (Fig. 1) formed preferably of thin sheet 
metal, such as chromium steel, the inside edge of 
the plate having a down-turned flange to seat on 
the upper edge of the base flange 23 with a pref 
erably close fit. The walls of the cover plate ex 
tend outwardly, and herein also downwardly, over 
the vaporizing compartment and over the annu 
lar lip 27, but are spaced vertically from the latter 
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to provide an annular space from the vaporizing . 
compartment to the fuel space so that any va 
porized oil may pass directly over the lip, be 
tween the latter and the cover plate and into the 
fuel space 29. 
Above the lip 27 the cover plate has a down 

Wardly extending flange provided with an out 
turned lip on which there is supported a perfo 
rated sheet metal cylinder 47 (Fig. 1) constitut 
ing the inner one of the combustion tubes. A 
similar but larger concentric cylinder 49 is re 
movably seated on the outer shouldered edge of 
the flange 25 so that there is provided between the 
two cylinders the elongated combustion chamber 
51 aligned with and constituting an extension of 
the underlying fuel space 29. The concentric, 
Spaced, perforated sheet metal cylinders 53 and 
55 are likewise removably seated on the shoul 
dered edges of the flanges 39 and 41, respectively, 
providing between them the combustion chamber 
57 having a relation to the outer fuel space 37 
similar to that of the combustion chamber 51 to 
the fuel Space 29. It will be understood that the 
perforations in the walls of the cylinders may be 
of any size, shape or arrangement to provide suit 
able air admission openings for the combus 
tion chambers, and are preferably distributed 
throughout the entire surface thereof. 
A removable, annular, cover plate 59 is pro 

vided with its edges resting on the tops of the 
sheet metal cylinders 49 and 53 to close the top 
of the annular air space therebetween, and a 
disc-shaped closure 61 with its edges resting on 
the upper edges of the cylinder 47 is similarly 
provided to close the top of the central air cham-. 
ber, leaving, however, annular openings in the 
tops of the two combustion chambers 51 and 57 : 
for the escape of the products of combustion. 
The closure plates 59 and 61, if desired, may be 
provided with one or more apertures to permit 
the partial escape of air therethrough. 
To provide for the use of gaseous fuel in the de 

scribed form of burner, the base casting is cored 
immediately beneath the inner wide channel to 
form an underlying, inner, annular gas chamber 
63 (Fig. 6) which extends entirely around the 
burner beneath the inner broad channel and is 
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1,960,842 
separated from the latter by the bottom wall of 
the channel. A second annular outer gas cham 
ber 65 is similarly formed immediately beneath 
the outer fuel groove 37, being separated there 
from by the botton wall of that groove. 
The outer gas chamber 65 is connected to the 

inner chamber 63 by supply ducts 67 (Figs. 1 and 
5) formed one in the lower part of each of the 
four webs 17, so that gaseous fuel may circulate 
freely from one chamber to the other. To supply 
gaseous fuel to the two gas chambers, one of them, 
and herein the inner chamber 63, is connected 
to the gas supply pipe 69 (Fig. 1) which in turn 
is connected through the control valve 71 with 
a source of gaseous fuel supply, which latter may 
be the ordinary service main, or a gas containing 
storage tank in which the gas is maintained un 
der pressure, or any other suitable Source. 
When the burner is operated under gaseous fuel, 

the latter is burned in the fuel grooves, and for 
this purpose the bottom wall of each groove is 
provided with one or more burner orifices. Such 
orifices are herein presented by ducts or Small 
openings 73 distributed in Spaced relatio: 
throughout the bottom of each groove, but they 
might be in the form of slots or otherwise, and 
the size, number and arrangement of these open 
ings may be widely varied. 

In order to secure the maximum heating effect 
of the gas flame on the base casting and the Walls 
of the vaporizing space and fuel groove when the 
gas is employed to preheat the burner prelini 
narily to turning on the oil, it is desirable that the 
gas should burn close to the bottom of the fuel 
grooves. To provide for the entrance into the 
fuel grooves from the gas chambers of a coin 
bustible gaseous fuel so that it will ignite and 
burn immediately on entering the groove and its 
heat will be most effective for raising the ten 
perature of the base casting, the gas entering 
the chamber 63 from the supply pipe 69 is caused 
first to pass through any suitable air and gas 
mixing device, such as the mixing tube 75, which 
is attached to the bottom of the casting and OpenS 
into the gas chamber 63. The lower end of the 
mixing tube has the air supply opening 7 con 
trolled by the valve plate 79 so that the amount 
of air supplied may be regulated. The gaseous 
fuel, therefore, entering the chamber 63 is in the 
form of a mixture of gas and air, further mix 
ture of which takes place in circulating through 
the chambers 63 and 65, so that it issues from 
the burner orifices in the form of a combustible 
mixture which, when ignited, burns in the fuel 
grooves close to the bottom walls thereof. 
The oil pipe connection 33 is connected to a 

source of oil supply which may comprise an ele 
wated tank or the like combined With any one 
of the feeding devices customarily employed with 
burners of the combustion tube type and which 
provide for the flow of oil to the burner from some 
definite height or level capable of being accu 
rately regulated so that the flow of oil may be 
maintained at a predetermined level over the 
bottom of the vaporizing Space 31 in the burner. 
such tanks and regulating devices are of com 
mon construction and are not herein shown. 
It will be observed that the walls of the an 

nular air admission space 19 are curved or flared 
at the bottom so as to provide a broadened, flared 
entrance mouth, this preventing any choking 
of the air supply to the overhead air chamber 
due to the depth of the base casting. 

If it is desired to operate the burner with oil 
but to cut down the starting interval by em 

3 
ploying the effect of the gas to preheat the 
burner, the gas is first turned on and a mixture of 
air and gas enters, circulating through and fill 
ing the air and gas chambers 63 and 65 beneath 
the fuel grooves. The mixture issuing from the 
burner orifices 73 in each groove is then ignited 

80 

by a taper or the like inserted through the tops of . 
the combustion chambers. The mixture burns in 
the fuel grooves, quickly developing its full heat 
ing capacity, providing a hot blue flame which 
Spreads throughout each fuel groove and rapidly 
raises the temperature of the adjoining walls of 
the base to a point where the oil may be turned 
Cn With assurance of its being vaporized as soon 
as it enters the fuel space 31. The gas continues 
to be supplied while the oil is at first admitted 
slowly. So that the oil first entering and traveling 

S5 

Over the bottom of the vaporizing space is com 
pletely vaporized, the resulting oil vapor rising 
Over fhe lip 27, entering into the fuel grooves, and 
burning in the combustion chambers with the air 
Supplied thereto. As the burner becomes more 
highly hcated through the joint combustion of 
the gas and oil, the former may be gradually cut 
off and the full supply of oil developsd the burner 
then working exclusively under the supply of oil 
By this means the normally prolonged starting 
interval may be cut down to one of comparatively 
Short or insignificant duration. 

If it is desired to operate the burner under gas 
Supply alone, the full gas Supply, or such part 
thereof as may be desired for the heat required, 
is turned on without the admission of oil, the 
gas burning With a noiseless flame in the fuel 
grCOveS and in the overhead combustion cham- : 
bers, where it is augmented by the supplemental 
air Supply through the walls of the combustion 
tubes. 

If, during the operation of the burner under 
oil, it is desired to force the burner beyond its 
Oil heating capacity, the gas supply may be turned 
On at any time and, either with or without the 
coincident supply of oil, a flame may be produced 
of greater volutime and heating intensity than can 
be had from the oil Supply alone. 

i. 5 
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Should any occasion arise for the Switching 
from One type of fuel to the other, either because 
of the depletion or failure of the oil supply or 
the temporary or other failure of the necessary 
preSSure in the gas main or other source, or for 
any other reason, such switch or change may be 
immediately made without alteration in the 
burner itself, the latter being capable of opera 
tion with gas exclusively or with oil c::clusively 
and in the usual manner, when and as required. . . 

It will be seen that while each fuel groove 
functions both as a gas burner and as a distrib 
uting Space for the oil vapor to the overhead 
combustion chamber, in the normal operation of 
the burner the oil is vaporized in the vaporizing : 
space, the liquid oil being prevented from leaving 
the latter due to the raised lip 27 which is pref 
erably carried to a height greater than that of 
the level permitted the oil under the action of 
the external, regulating devices. Vaporization 
of the liquid fuel being confined for the most part 
to the vaporizing Space, any substantial accumu 
lations of unconsumed carbon are prevented in 
the fuel ducts, fuel grooves and other fuel spaces 
other than the vaporizing space, thereby tending 
to prevent any clogging or stoppage of the gas 
burner Orifices from this cause. Such accumu 
lations in the vaporizing Space are further dimin 
ished due to the efficient preheating action of 
the gas burner, and Such accumulations as occur : 3 

is 
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4. 
may be readily removed by lifting out the inner 
chimney and cover plate 45 which leaves the 
vaporizing space open and exposed. - 
While I have described the operation of the 

burner assuming it to be supplied with gaseous 
fuel, nevertheless, even where no provision is 
made, such as the gas supply pipe 69, for sup 
plying gaseous fuel to the chambers 63 and 65, 
provided the chambers are supplied with air alone 
through the tube 75 or other supply source, the 
disclosed burner construction has material ad 
vantages, both in reducing the starting interval 
and in improving the operation of, the burner 
during its established Operation after the starting 
interval. 
With an adequate air supply to the chambers 

63 and 65, air issues through the ports 73, and, 
as soon as the oil is vaporized in the vaporizing 
chamber, the oil vapor passing into the fuel spaces 
29 and 31 forms a combustible mixture with the 
air and burns with a flame which reaches down 
close to the mouths of the Orifices 73 at the bot 
tom of each fuel space or groove, where it has its 
maximum heating effect on the walls of the base 
and under conditions which tend to effect the 
rapid heating of the base and quickly raise its 
temperature to an oil vaporizing point. Accord 
ingly, it is possible to employ other methods of 
preheating to start initial vaporization of the oil, 
its initial vaporization, however, being followed 
immediately by the production of an intense flame 
at the extreme bottom of each fuel groove, filling 
the groove and impinging against the side Walls 
of the base casting, this being succeeded by the 
rapid heating of the entire base and resulting in 
the reduction of the starting interval to an insig 
nificant period of time. 
Such preheating, when not effected by gas, may 

be carried out by means of the usual wick, or by 
the introduction and ignition of a more volatile 
liquid fuel, or by electrical means, or by any other 
desired heating agency either internal or exter 
nail, in any case, however, the initial vaporization 
of the oil being followed by the production of an 
intense base-heating fame due to the air Supply 
entering through the ports in the bottom of each. 
fuel groove. w 

After the burner has been brought to normal 
operation in the manner described, the air sup 
ply through the ports 73 may be cut off, but such 
air supply is preferably maintained since it is 
found to provide an even, Smooth, quiet flame in 
the combustion chambers of more intense heat 
than heretofore obtainable and avoiding the roar 
ing noise which often characterizes the use of 
such burnerS. 
While I have herein described for the purpose 

of illustration one specific embodiment of the in 
vention and one particular application thereof, 
it is to be understood that extensive deviations 
from and changes in the illustrated form may 
be made and applications thereof other than here 
in illustrated may be utilized, all without depart 
ing from the spirit of the invention. 

I claim: 
1. A burner having a base, a perforated com 

bustion tube enclosing a combustion chamber 
above the base, said base having a fuel groove be 
neath said combustion chamber, means communi 
cating with said combustion chamber through 
said fuel groove for receiving liquid fuel to be va 
porized in said base and burned in said combus 
tion chamber, a gas chamber adjacent to and Sub 
stantially coextensive with said fuel groove ducts 
in the walls of said groove communicating with 
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said gas chamber presenting gas burner orifices, 
and means for Supplying gaseous fuel to said gas 
chamber and through said ducts also to be burned 
in Said.combustion chamber, said gas burner ori 
fices being in sufficient number and arranged suf 
ficiently uniformly around said groove to provide 
a Substantially uniform distribution of gas into 
the combustion chamber. 

2. A combustion tube burner having a pair of 
combustion tubes forming between them a com 
bustion chamber, a base provided with upstand 
ing walls forming between them a fuel groove 
beneath and communicating with said combus 
tion chamber, orifices in the walls of the groove 
for Supplying air thereto, a vaporizing chamber 
in the base adjacent the groove and closed to the 
admission of air during the normal operation of 
the burner, and means for supplying liquid fuel 
to the vaporizing chamber, said vaporizing cham 
ber having an outlet to the fuel groove above the 
level of said orifices. 

3. A burner having a pair of perforated com 
bustion tubes forming between them a combus 
tion chamber, a basehaving an endlessfuel groove 
beneath and opening into said combustion cham 
ber, means for supplying liquid fuel to the base 
to be vaporized therein and burned in said com 
bustion chamber, said base having a gas cham 
ber beneath and substantially co-extensive with 
Said fuel groove and said base being further pro 
Vided with ducts formed through the walls of said 
groove, communicating with said gas chamber 
and presenting a series of closely spaced gas sup 
ply orifices distributed throughout said groove 
and beneath said combustion chamber, and means 
for Supplying gaseous fuel to said gas chamber 
to be burned in said combustion chamber. 

4. A burner having a pair of perforated com 
bustion tubes forming between them a combus 
tion chamber, a base having a fuel groove formed 
therein beneath and opening into said combus 
tion chamber, means to supply liquid fuel to said 
base to be vaporized therein and burned in said 
combustion chamber, said base having a gas 
chamber combined therewith and adjacent to 
and following the contour of said fuel groove, 
Said base having ducts presenting a series of 
closely Spaced gas burning orifices opening from 
Said gas chamber into said fuel groove, and means 
for Supplying gaseous fuel to said gas chamber 
to be burned in said combustion chamber. 

5. A burner having a pair of perforated com 
bustion tubes forming between them a combustion 
chamber, a base having an annular fuel groove 
formed therein beneath and communicating with 
Said combustion chamber, means for supplying 
liquid fuel to the base to be vaporized therein and 
burned in Said combustion chamber, said base 
having a substantially annular gas chamber com 
bined therewith and having further, ducts pre 
Senting a series of closely spaced gas burning ori 
fices opening into said fuel groove beneath said 
combustion chamber and communicating with 
Said gas chamber, and means for delivering gas 
eous fuel to Said gas chamber to be burned in said 
combustion chamber. 

6. A burner of the class described comprising 
a pair of spaced, concentric, vertically arranged, 
combustion tubes forming between them a com 
bustion chamber and an inner air chamber en 
closed by the inner tube, a base having upstand 
ing walls forming between them an endless fuel 
groove beneath and communicating with said 
combustion chamber, said base having an opening 
for admitting air into said air chamber, means 
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for supplyinag liquid fuel to said base to be vapor 
ized therein and burned in said combustion 
chamber, a gas chamber formed in the base ad 
jacent said fuel groove, said base having a series 

5 of ducts formed in the walls of said groove com 
municating with Said gas chamber and termi 
nating in gas burning Orifices in Sufficient number 
and sufficiently uniformly distributed throughout 
said groove beneath said combustion chamber to 
provide a substantially uniform distribution of 0 y 

gas to said combustion chamber, and means for 
supplying gaseous fuel to Said gas chamber and, 
through said ducts to be burned in Said combus 
tion chamber. 

5 pair of spaced, concentric, vertically arranged, 
combustion tubes forming between them a com 
bustion chamber and an inner air chamber en 
closed by the inner tube, a base having upstand 
ing walls forming between them an endless fuel 
groove beneath and communicating with said 
combustion chamber, said base having an open 
ing for admitting air into said air chamber, said 
base further having a vaporizing chamber Com 
municating with said fuel groove and beneath 
said inner air chamber, means for supplying 
liquid fuel to said vaporizing chamber, said base 
having a gas chamber combined therewith and 
further having ducts presenting gas burning 
orifices opening into the burner beneath said 
combustion chamber communicating with said 
gas chamber, and means for Supplying gaseous 
fuel to said gas chamber to pass through Said 
orifices to be burned in Said combustion cham 
ber, said gas burner orifices being in sufficient 
number and arranged Sufficiently uniformly 
around said groove to provide a Substantially uni 
form distribution of gas into the combustion 
chamber. w 

8. A burner of the class described comprising 
pairs of spaced, concentric, annular, vertically 
arranged, combustion tubes forming Spaced, inner 
and outer combustion chambers with an interme 
diate air chamber therebetween and an inner air 
chamber enclosed by the inner tube, a base hav 
ing upstanding walls forming between them inner 

\ and outer, spaced annular fuel grooves beneath 
and communicating one with each of said com 
\bustion chambers, said base having openings for admitting air vertically therethrough into each 

ity. of said air chambers and having fuel supply ducts 
connecting said fuel grooves, means to supply liq 
uid fuel to said base to be vaporized therein and 
burned in said combustion chambers, an annu 
lar series of ducts in each of Said fuel grooves 
presenting gas burning orifices in sufficient 
number and sufficiently uniformly distributed 
throughout said groove beneath the associated 
combustion chamber to provide a substantially 
uniform distribution of gas to Said combustion 
chamber, and means for delivering gaseous fuel 
through said ducts to be burned in Said combus 
tion chambers. 

9. A burner of the class described comprising 
pairs of spaced, concentric, annular, vertically 
arranged, combustion tubes forming spaced, inner 
and outer combustion chambers with an interme 
diate air chamber therebetween and an inner air 
chamber enclosed by the inner tube, a base hav 
ing upstanding walls forming between them inner 
and outer, spaced, annular fuel grooves beneath 
and communicating one with each of Said com 
bustion chambers, Said base having openings for 
admitting air vertically therethrough into each 

is of said air chambers, means to Supply liquid fuel 
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7. A burner of the class described comprising a 

5 
to said base to be vaporized therein and burned 
in said combustion chambers, an annular gas 
chamber formed in said base beneath each fuel 
groove, said base having a series of ducts Com 
municating with said gas chambers and termi 
nating in gas burner Orifices in Sufficient num 
ber and sufficiently uniformly distributed be 
neath said combustion chambers as to provide 
a substantially uniform distribution of gas there 
to, and means for supplying gaseous fuel to said 
gas chambers and through said ducts to be burned 
in said combustion chambers. 

10. A burner of the class described comprising 
pairs of Spaced, concentric, vertically arranged, 
cCmbustion tubes forming spaced, inner and outer 
combustion chambers with an intermediate air 
chamber therebetween and an inner air chamber 
enclosed by the inner tube, a base having up 
standing Walls forming between them inner and 
Outer, Spaced, endless fuel grooves beneath and 
communicating One with each of said combustion 
chambers, Said base having openings for ad 
mitting air vertically therethrough into each of 
said air chambers and having fuel supply ducts 
connecting Said fuel grooves, said base further 
having an open-top, vaporizing chamber com 
municating With said fuel grooves, a removable 
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cover plate for said vaporizing chamber, means 
for admitting liquid fuel from below directly to 
the bottom of Said vaporizing chamber, said base 
having a gas chamber combined with each fuel 
groove and following the contour thereof, said 
base further having a Series of ducts communi 
cating With each gas chamber, said ducts present 
ing gas burning orifices beneath said combustion 
chambers, and means for supplying gaseous fuel 
to Said gas chambers and through said orifices to 
be burned in Said combustion chambers. 

11. A burner of the class described comprising 
pairs of spaced, concentric, vertically arranged, 
combustion tubes forming spaced, inner and outer 
combustion chambers with an intermediate air 
chamber therebetween and an inner air chamber 
enclosed by the inner tube, a base having up 
standing walls forming between them inner and . . 
Outer, spaced, endless fuel grooves beneath and 
communicating one with each of said combustion 
chambers, Said base having openings for admit 
ting air vertically therethrough into each of said 
air chambers and having fuel Supply ducts con 
necting said fuel grooves, said base further hav 
ing an open-top, Vaporizing chamber arranged 
concentrically within and communicating with 
Said inner fuel groove and beneath said inner 
air chamber, a removable cover plate for said 
vaporizing chamber, means for admitting liquid 
fuel from below directly to the bottom of said 
vaporizing chamber, gas chambers formed in said 
base One coextensive With and beneath each fuel 
groove, said base having a Series of ducts formed : 
in the Walls of each groove communicating with 
said gas chambers and terminating in gas burn 
ing Orifices beneath Said combustion chambers, 
and means for Supplying gaseous fuel to said gas 
chambers and through said ducts to be burned in 
said combustion chambers. 

12. A combustion tube burner having combus 
tion tubes forming a combustion chamber, a base 
provided with a fuel groove beneath and opening 
into said combustion chamber, said base having 
a vaporizing chamber communicating with the 
groove and having a barrier between the vaporiz 
ing chamber and the groove normally to prevent 
liquid fuel entering the groove from the vaporiz 
ing chamber, Said base having orifices in the 
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walls of said groove for supplying air thereto be 
low the top of said barrier, and means for Sup 
plying liquid fuel to the vaporizing chamber 
whereby the fuel vapor is delivered to the groove 
above said air supply Orifices. 

13. A combustion tube burner having a base 
and combustion tube means forming a combustion 
chamber above the base, Said base comprising an 
annular body formed with upper and lower com 
partments and with a vaporizing chamber, an in 
tervening annular separating wall constituting 
the top of the lower compartment and the bot 
tom of the upper compartment, the upper com 
partment having spaced upright Walls forming 
with said separating Wall an open groove under 

1960,842 
lying and communicating with the combustion 
chamber, Said lower, compartment constituting 
a gas chamber underlying and substantially co 
extensive with said groove, said separating wall 
being provided with ducts presenting a number 
of closely spaced gas burner orifices substantially 
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uniformly distributed around said groove, said 
vaporizing chamber having an opening above said 
separating wall leading into said groove for pas 
sage of vaporized liquid fuel to the combustion 
chamber, means for introducing gas to said gas 
chamber, and means for introducing liquid fuel 
into said vaporizing chamber to be vaporized in 
the base and burned in the combustion chamber. 

- ATFRED J. GLBERT. 
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