
Feb. 13, 1951 F. D. M. WILLIAMS 2,541,900 
MULTIPLE FUEL, JET BURNER AND TORCH IGNITER 

UNIT WITH FUEL WAPORIZING TUBES 
Filed Dec. 24, 1948 2 Sheets-Sheet l 

//w/ENTOf 
7.972 Mt. AIs. 

Aetoney 

  



Feb. 13, 1951 F. D. M. WILLIAMS 2,541,900 
MULTIPLE FUEL, JET BURNER AND TORCH IGNTER 

UNIT WITH FUEL WAPORIZING TUBES 
Filed Dec. 24, 1948 2. Sheets-Sheet 2 

/ WVEWTOR 
7.2772.dll/ZZ/A/15 

2.2% 
2etoacy 

  



Patented Feb. 13, 1951 2541,900 

UNITED STATES PATENT OFFICE 
2,541,900 

MULTIPLE FUEL, JET BURNER AND TORCH 
IGNITER UNIT WITH FUEL WAPORIZING 
TUBES 

Frederick D. M. Williams, Nobel, Ontario, Can 
ada, assignor to A. W. Roe Canada Limited, Male 
ton, Ontario, Canada, a corporation 

Application December 24, 1948, Serial No. 67,118 
5 Claims. (C. 60-44) 

This invention relates to improvements in V 
burners for the combustion chambers of gastur 
bine engines and to the igniters associated there 
with. 
Air is the working medium of a gas turbines 

engine and it is introduced into the engine by 
means of a compressor, heated in the combustion 
chamber and then directed to the turbine to 
perform useful work. The exhaust from the tur 
bine may be used to give a propulsive thrust and 
indeed this characteristic is employed extensively 
in aircraft jet engines in which the turbine is 
used only to drive the aforementioned compres 
sor and various auxiliaries, such as pumps, gen 
erators and the like. The flow of air through 
the engine takes place at a very high velocity 
and during its passage through the combustion 
chamber it is heated directly by the burning of 
fuel introduced into the stream by means of an 
injector, commonly known as the burner. Com 
bustion takes place within an inner liner of the 
combustion chamber, known as the flane tube, 
which is designed to control the combustion and 
to achieve the most efficient heating of the air 
charge. In operation, combustion is continuous; 
the fuel-air mixture being ignited by the gases 
which are already burning. But to start and 
establish this type of combustion, the engine 
must be turned by means of a starter to generate 
a flow of air through the combustion chanber 
and, at a predetermined Speed, fuel must be ill 
jected into the air stream and the resulting mix 
ture ignited by means of an electric Spark. Once 
started by this means combustion becomes con 
tinuous and the igniter is no longer required and 
may be switched off. 
It will be readily understood that continuous 

combustion such as I have described would be 
impossible if all the burning gases were carried 
downstream at a speed greater than that of 
fame propagation, and in practice, due to the 
high speed of the air stream, it is necessary to 
arrange a small region of reverse flow into which 
fuel may be introduced. There are two conven 
tional methods of arranging this stabilizing zone, 
namely the upstream injection of the fuel into 
the wake of a baffle suitably situated in the air 
stream, and the downstream injection of the fuel 
into a region of low pressure in the centre of the 
fame tube, created by an air swirler. Clearly the 
ideal location of the igniter is in the centre of 
the stabilizing zone and with the upstream in 
jection method it is sometimes possible to situate 
the igniter in the centre of the baffle. However, 
with the downstream injection method the ideal 
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location for the igniter is occupied by the burner 
itself and the igniter has to be set as conven 
iently as possible in the side of the flame tube. 
The foregoing refers to systems in which liquid 

fuel is injected directly into the flame tube, 
However more satisfactory burning may be ob 
tained by what is known as the vapor combus 
tion system, that is by the vaporization of the 
fuel, its preheating and mixture with a certain 
amount of air, before its entry into the fame 
tube. This vaporization and preheating is car 
ried out in vaporizer tubes, which are circular 
tubes installed longitudinally in the combustion 
chamber and mounted on a baffle at the upstreays 
end thereof. The downstream ends of these 
vaporizer tubes are bent through 180°. Liquid 
fuel is injected into the upstream ends, which 
are Open and eXposed to the air stream from the 
Compressor, and the mixture is carried down the 
tubes and discharged into the flame tube in an 
upstream direction. The flame of the subsequent 
combustion of the mixture, before being carried 
away downstream, plays upon the vaporizer 
tubes as they enter the fame tube, thereby pro 
noting Vaporization and preheating of the fuel 
air mixture within them. 
In the vapor combustion system, the vaporizer 

tubes occupy the centre of the flame tube so that 
again it is difficult to find a satisfactory location 
for the igniter. Furthermore, starting is ren 
dered difficult by the fact that there are no pro 
Visions for preheating the tubes before combus 
tion has started. 
The object of this invention is to improve the 

methods of igniting the charge of a combustion 
System employing the vapor combustion principle 
and to insure more positive starting over a wide 
range of inlet velocities. A further object of 
the invention is to furnish in one unit a fuel 
injector and an igniter which are thus readily 
accessible for removal, for maintenance and in- . 
Spection purposes. 
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Other objects and advantages of this invention 
will be apparent during the course of the follow ing description. 
In the accompanying drawings forming a part 

of this application and in which like numerals 
are employed to designate like parts throughout 
the Sane, 

Fig. 1 is a sectional view of a gas turbine com 
bustion chamber employing the vapor combustion 
principle, 

Fig. 2 is an enlarged view of a portion of 
Fig. 1 depicting the vaporizer tubes and the 
burner, s: 
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Fig. 3 is an end elevation of the combination 
burner torch igniter viewed from downstream, 
&nd 

Fig. 4 is a sectional side elevation, of the con 
bination burner torch igniter on the line 4-4 
in Fig. 3. 

It will be seen from Fig. 1 that the principal 
components of the combustion chamber are 
the outer casing 5, the flame tube 6 and the vap 
orizer tubes T. The direction of flow of the air 
stream passing through the combustion cham 
ber is from left to right of Fig. 1. At the up 
stream end of the flame tube is a baffle 8 upon 
which the vaporizer tubes are mounted, as shown 
particularly in Fig. 2. The flame tube is per 
forated by a number of holes throughout its 
length for the purpose of admitting air from 
the outer casing into the flame tube, to control 
the manner in which combustion takes place. 
The fuel injector is illustrated in detail in Fig. 

4. It comprises an injector head 9 containing 
six straight jets 0 and a swirl-type atomizing 
jet . In addition, the injector head carries 
two electrodes 2 and 3 one of which is mount 
ed directly on the head and the other connected 
by a high tension lead, through the tube 4 to a 
terminal 5 mounted on the outside of the com 
bustion chamber. The atomizing jet is fed 
by a fuel line 6 which in this example runs 
substantially parallel to the aforementioned tube 
4. It will be understood, however, that this is 
not necessary since the fuel can be introduced 
to the injector from any convenient position, 
which may not coincide with the most convenient. 
location for the ignition terminal f 5. The six 
main fuel jets are situated at oblique angles 
around the central atomizing jet and are fed by 
passages within the head which, as can be seen 
in Fig. 4, run together to a common chamber 7 
surrounding the aforementioned fuel line 6. 
This chamber is in turn connected to the outer 
casing of the combustion chamber by a line 8, 
coaxial with the line 6 but of a substantially 
greater diameter, so that fuel can pass down the 
annular space between them. 

Fig. 2 indicates the arrangement of the in 
jector head 9 in relation to the vaporizer tubes. 
The ignition electrodes 2 and 3 protrude 
through the baffle 8 and the atomizing jet fl, 
which is located in a recess in the head in 
mediately below the aforementioned electrodes, 
is also given direct access into the flame tube 6. 
The six main jets 0 are arranged to discharge 
into the mouths of the six vaporizer tubes but 
they discharge into these tubes obliquely so that 
a substantial area of each tube is exposed to the 
direct flow of air from the COInpreSSOr. 

In order to start the engine the starter motor 
is energized and turns over the compressor 
thereby delivering air to the combustion cham 
ber. The rotation of the compressor also has 
the effect of driving the fuel pump and when 
the fuel pressure reaches a predetermined value, 
the fuel supply to the atomizing jet f l is turned 
on. In addition, the electrical system is ener 
gized so that current beings to flow across the 
spark gap of the electrodes 2 and 3. A fine 
spray of fuel emerges from the atomizing jet 
and is delivered across the electrodes into the 
combustion chamber. This spray is ignited by 
the spark, producing a flame centrally located 
among the vaporizer tubes and playing upon 
them. 
Under the action of the compressor air is 

flowing rapidly through the combustion cham 
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4. 
ber, and part of it is directed by the baffle 
into the mouths of the vaporizer tubes, whence 
it is carried down the tubes and discharged up 
stream into the low pressure region in the wake 
of the said baffle. When the main fuel supply is 
turned on, the fuel flows through the annulus 
between the lines 6 and 8 into the chamber 7, 
and thence through the six jets O into the vap 
orizer tubes. During its passage through the 
tubes, the liquid fuel is vaporized and mixed with 
the air; vaporization is assisted by the heat of 
the flame of the atomizing jet playing upon the 
outside of the tubes. Thus a preheated, com 
bustible mixture emerges from the vaporizer 
tubes and is readily ignited by the pilot flame, 
burning from the atomizing jet. 
Thereafter combustion becomes continuous, 

the mixture entering the flame tube being ig 
nited by the fame of the gas already burning, 
before that flame is carried away downstream. 
The vaporizer tubes are fully exposed to com 
bustion in the fame tube So that the gas enter 
ing through these tubes is preheated, and in turn 
the liquid fuel, running down the inside of the 
tubes and being vaporized on the hot Surfaces, 
serves to cool the tubes against burning. There 
is no further need for the igniter, and the cur 
rent may be switched off and the fuel supply to 
the atomizing jet discontinued. 

It is to be understood that the form of my in 
vention, herewith shown and described, is to be 
taken as a preferred example of the same: vari 
ous changes in the shape, size and arrangement 
of the parts may be resorted to, and, for example, 
the igniter may take the form of a glow plug or 
a spark gap, without departing from the spirit 
of my invention or the scope of the claims. 
What I claim as my invention is: 
1. In a combustion chamber of a gas turbine 

engine, a flame tube in which combustion takes 
place, openings in the flame tube for admitting 
a stream of air at one end of the flame tube to 
support combustion, vaporizer tubes mounted in 
the flame tube adjacent the upstream end of the 
flame tube and extending longitudinally thereof, 
each such vaporizer tube having an inlet end 
exposed to the air stream through the combus 
tion chamber and an outlet end discharging into 
the flame tube, and an injector head located 
Substantially on the longitudinal axis of the 
flame tube at its upstream end, said injector 
head having a centrally located igniter jet di 
rected into the flame tube substantially at the 
longitudinal axis thereof between the vaporizer 
tubes, whereby an igniting flame may be in 
jected directly into the flame tube and played 
upon the vaporizer tubes, an igniter mounted on 
the head in front of said igniter jet, a plurality 
of fuel supply jets arranged around the igniter 
jet and directed to the inlet ends of the vapor 
izer tubes, said injector head being provided with 
a chamber, oblique passageways from the fuel 
supply jets to the chamber, and a passageway 
from the igniter jet, and having a fuel inlet con 
duit communicating with said chamber for Con 
ducting fuel to the fuel Supply jets, and a fuel 
inlet conduit communicating with the passage 
way to the igniter jet to conduct fuel to said 
igniter jet. 

2. In a combustion chamber of a gas turbine 
engine, a flame tube in which combustion takes 
place, openings in the flame tube for admitting 
a stream of air at one end of the flame tube to 
support combustion, vaporizer tubes mounted in 

75 the fame tube adjacent the upstream end of the 
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fame tube and extending longitudinally there 
of, each such vaporizer tube having an inlet end 
exposed to the air stream through the COm 
bustion chamber and an outlet end discharging 
into the flame tube, and an injector head located 
substantially on the longitudinal axis of the 
flame tube at its upstream end, said injector 
head comprising an igniter jet directed into the 
flame tube substantially at the longitudinal axis 
thereof between the vaporizer tubes, whereby 
an igniting flame may be injected directly into 
the flame tube and played upon the vaporizer 
tubes, an igniter situated in front of Said jet, a 
plurality of fuel Supply jets arranged around 
the igniter jet and directed to the inlet ends of 
the vaporizer tubes, a fuel inlet conduit for the 
fuel supply jets, and a fuel inlet conduit for the 
igniter jet within and substantially co-axial with 
the fuel inlet conduit for the fuel supply jetS. 

3. In a combustion chamber of a gas turbine 
engine, a flame tube in which combustion takes 
place, openings in the flame tube for admitting 
a stream of air at One end of the flame tube to 
Support combustion, vaporizer tubes mounted in 
the flame tube adjacent the upstream end of the 
flame tube and extending longitudinally thereof, 
each such vaporizer tube having an inlet end 
exposed to the air stream through the combus 
tion chamber and an outlet end discharging into 
the fame tube, and an injector head located 
substantially on the longitudinal axis of the 
flame tube at its upstream end, Said injector head 
comprising a body member having a centrally 
located igniter jet directed into the flame tube 
substantially at the longitudinal axis thereof 
between the vaporizer tubes, whereby an igniting 
flame may be injected directly into the fame 
tube and played upon the vaporizer tubes, a 
plurality of fuel Supply jets arranged around the 
igniter jet and directed to the inlet ends of the 
vaporizer tubes the injector head being provided 
with, a central fuel inlet passage, oblique pas 
sageways from the fuel Supply jets to said cen 
tral passage, and a passageway from the igniter 
jet opening into the aforesaid central passage, 
and the head having Secured thereto a fuel inlet 
conduit communicating with the aforesaid cen 
tral passage for conducting fuel to the fuel sup 
ply jets, and another fuel inlet of Smaller diam 
eter extending through the first mentioned in 
let conduit and the aforesaid central passage 
and communicating with the passageway to the 
igniter jet to conduct fuel to said igniter jet, and 
an igniter mounted on the head in front of said 
igniter jet. 

4. In a combustion chamber of a gas turbine 
engine, a flame tube in which combustion takes 
place, openings in the flame tube for admitting 
a stream of air at One end of the flame tube to 
support combustion, vaporizer tubes mounted in 
the flame tube adjacent the upstream end of the 
flame tube and extending longitudinally thereof, 
each such vaporizer tube having an inlet end 
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exposed to the air stream through the combus 
tion chamber and an outlet end discharging into 
the flane tube, and an injector head located 
Substantially on the longitudinal axis of the 
flame tube at its upstream end, said injector 
head having a centrally located recess in its dis 
charge end in which is mounted an igniter jet 
directed into the flame tube substantially at the 
longitudinal axis thereof between the vaporizer 
tubes, whereby an igniting flame may be in 
jected directly into the flame tube and played 
upon the vaporizer tubes, an igniter mounted on 
the head at the open end of the igniter jet re 
cess in front of Said igniter jet, a plurality of fuel 
Supply jets arranged around the igniter jet and 
directed to the inlet ends of the vaporizer tubes, 
Said injector head being provided with a cham 
ber, oblique passageways from the fuel supply 
jets to the chamber, and a passageway from the 
igniter jet, and having a fuel inlet conduit Com 
municating with Said chamber for conducting 
fuel to the fuel Supply jets, and a fuel inlet Con 
duit communicating with the passageway to the 
igniter jet to conduct fuel to said igniter jet. 

5. In a combustion chamber of a gas turbine 
engine, a flame tube in which combustion takes 
place, openings in the flame tube for admitting a 
stream of air at one end of the flame tube to 
support combustion, vaporizer tubes mounted in 
the flame tube adjacent the upstream end of the 
flame tube and extending longitudinally thereof, 
each such vaporizer tube having an inlet end 
exposed to... the air stream through the combus 
tion chamber and an outlet end discharging into 
the flame tube, and an injector head located Sub 
stantially on the longitudinal axis of the flame 
tube at its upstream end, said injector head hav 
ing a recess in its discharge end in which is lo 
cated an igniter jet directed into the flame tube 
substantially at the longitudinal axis thereof 
between the vaporizer tubes, whereby an igniting 
flame may be injected directly into the flame 
tube and played upon the vaporizer tubes, a 
pair of electrodes mounted on the head at the 
forward open end of the igniter jet recess, and 
an electrical conduit supported by the head and 
connected to one of said electrodes, and a plu 
rality of fuel supply jets arranged around the 
igniter jet and directed to the inlet ends of the 
vaporizer tubes. 

FREDERICK D. M. WILLIAMS. 
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