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ABSTRACT OF THE DISCLOSUIRE 
A fuel nozzle assembly has a pre-heating chamber con 

nected to receive a small portion only of the fuel being 
supplied to the fuel nozzle and a heater is disposed with 
in the pre-heating chamber for vaporizing the fuel. The 
vaporized fuel passes from the pre-heating chamber to a 
pilot burner from where it is discharged to a combustion 
zone adjacent the main burner of the fuel nozzle assem 
bly. A valve prevents the discharge of fuel vapor from 
the pre-heating chamber except when the pressure in the 
latter is at least at a predetermined value, thus producing 
a high pressure flame. 

-umu 

This invention concerns a fuel nozzle assembly and, 
although the invention is not so restricted, it is more par 
ticularly concerned with a fuel nozzle for use in a com 
bustion chamber of a gas turbine vertical lift jet engine. 
The term "vertical lift engine' as used in this specifica 

tion is to be understood to indicate an engine adapted to 
produce vertical lift forces on an aircraft independently 
of those generated aerodynamically by forward flight of 
the aircraft. 

In the combustion chamber of such a vertical lift en 
gine, ignition is normally initiated by means of a high 
energy electrical spark. This however, requires the use 
of a high energy igniter box of considerable size and 
weight and it is the object of the present invention either 
to dispense with or to reduce the size and weight of such 
an igniter box. 

According therefore to the present invention, there is 
provided a fuel nozzle assemlby adapted to be sup 
plied with fuel and having a pre-heating chamber con 
nected to receive a small proportion only of the fuel be 
ing supplied to the fuel nozzle assembly, heating means 
disposed within said preheating chamber for vaporising 
the fuel therein, means for directing the vaporised fuel 
from the pre-heating chamber to a combustion zone ad 
jacent the fuel nozzle assembly, and valve means which 
prevent the discharge of fuel vapour from the pre-heat 
ing chamber except when the pressure of the latter there 
in is at or above a predetermined value, said valve means 
being, in operation, arranged to intermittently open and 
close at a frequency within a selected range. 

Igniter means may be provided for ensuring ignition 
of the vaporised fuel once the latter reaches the combus 
tion zone. 
The heating means preferably comprises an electri 

cal heating element. 
A portion of the heating element may extend through 

a nozzle through which the heated fuel flows, the said 
portion forming the said igniter means. Means may in 
this case be provided for directing air towards the said 
portion of the heating element. 

Alternatively, the igniter means may comprise means 
for supplying a high frequency spark or arc to the heated 
fuel which has passed through the pre-heating chamber. 
The fuel nozzle assembly may have a main fuel con 

duit which communicates with a pilot fuel conduit by 
way of at least one restriction or non-return valve, the 
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2 
pre-heating chamber forming part of the pilot fuel con 
duit. 

Means may be provided for ensuring that only a drop 
of fuel at a time falls onto the said heating means in the 
pre-heating chamber. 
The invention also comprises a combustion chamber 

provided with a fuel nozzle assembly as set forth above. 
Additionally, the invention comprises a gas turbine jet 
engine having such a combustion chamber. 
The said engine may be a vertical lift engine having a 

thrust to weight ratio of at least 1:1 and preferably of 
at least 16:1. 
The invention is illustrated, merely by way of example, 

in the accompanying drawings, in which: 
FIGURE 1 is a diagrammatic view, partly in section, 

of a gas turbine vertical lift engine having a combustion 
chamber in which is mounted a fuel nozzle assembly in 
accordance with the present invention, and 
FIGURES 2 and 3 are diagrammatic views showing 

two alternative forms of the said fuel nozzle assembly. 
In FIGURE 1 there is shown a vertical lift jet engine 

10 having a thrust to weight ratio of at least 16:1 and 
preferably of at least 20:1, the engine 10 being adapted 
to be mounted vertically in an aircraft (not shown). 
The engine 10 has an engine casing 11 in which there 

are disposed in flow series a compressor 12, a combus 
tion chamber 13 and a turbine 14, the turbine exhaust 
gases being directed downwardly to atmosphere through 
a short exhaust duct 15. The compressor 12 may be of 
lightweight construction and may be made largely of syn 
thetic resin materials. 
The combustion chamber 13 comprises a plurality of 

angularly spaced apart flame tubes 16. Each of the flame 
tubes 16 is arranged to receive combustion air, which has 
been compressed by the compressor 12, and to receive 
liquid fuel from an annular manifold 17, combustion of 
the said fuel and air occurring at a combustion zone 18 
in the respective flame tube 16. 
As shown in FIGURE 2, each flame tube 16 may have 

a fuel nozzle assembly 19 which includes a main burner 
20, the fuel nozzle assembly 19 being supplied with fuel 
from the manifold 17 by way of a main fuel conduit 21. 
The main fuel conduit 21 communicates by way of a re 
striction 22 (or by way of a non-return valve, not shown) 
with a pilot fuel conduit 23 which extends to a pilot 
burner 24. The arrangement is thus such that the pilot 
burner 24 is supplied with only a very small proportion 
of the amount of fuel which is being supplied to the fuel 
nozzle assembly 19. 
The pilot fuel conduit 23 incorporates, upstream of 

the pilot burner 24, a pre-heating chamber 25. The latter 
communicates with the portion of the pilot fuel conduit 
23 upstream of it by way of an attenuated passage 26. 
Mounted in the pre-heating chamber 25 is an electrical 
heating element 27, the lattenuated passage 26 ensuring 
that only a drop of fuel at a time falls onto the heating 
element 27. The heating element 27 is adapted to effect 
heating and vaporizing of the fuel falling onto it, the 
heating element 27 being connected to a battery (not 
shown) or other source of electrical energy. 
The fuel which has been heated and vaporized in the 

pre-heating chamber 25 passes out of the latter via a 
non-return valve 28 which ensures that fuel vapour is not 
discharged from the pre-heating chamber 25 except when 
the pressure of the latter therein is at or above a prede 
termined value. The valve 28 is thus, in operation, inter 
mittently opened and closed since, after it has opened to 
permit the escape of fuel vapour, it will be closed until 
the pressure in the pre-heating chamber 25 has risen suf 
ficiently. 
The frequency with which the valve 28 opens and closes 

can be selected to be at any desired frequency, e.g. of 
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up to 200 cycles per minute, by appropriate selection of 
its valve spring 30 and of the electrical energy Supplied 
to the heating element 27. 
The vaporized fuel, which has passed through the valve 

28, is directed through a passage 31 to the pilot burner 
24. Ignition of the vaporized fuel will usually occur once 
it mixes with air at the pilot burner 24. In order to ensure 
ignition, however, there is provided a high frequency 
electrical igniter 29 which is adapted to supply a high 
frequency electrical spark or arc to the heated vaporized 
fuel issuing from the pilot burner 24. The igniter 29 need 
only, however, be a very small device as opposed to the 
12 joule type igniters which are normally used in gas 
turbine engines. 

Accordingly, in order to initiate ignition of the fuel 
supplied to a flame tube 16, the respective heating ele 
ment 27 is switched on (by means not shown). A very 
small quantity of fuel from the main fuel conduit 21 will 
pass through the restriction 22 (or non-return valve) 
and so to the pre-heating chamber 25 where it will be 
heated and vaporized. The restriction 22, or non-return 
valve, will, however, prevent the pressurised fuel vapour 
from blowing back into the main fuel conduit 21. 
At such times as the pressure of the fuel vapour in the 

pre-heating chamber 25 is sufficient, the valve 28 will 
open so that a high pressure, high energy flame will be 
directed into the flame tube 16. The vaporized fuel will 
normally ignite easily on being contacted by the air at the 
pilot burner 24, but such ignition may be assisted, if de 
sired, by operating the igniter 29. 
When ignition has started, the electrical heating ele 

ment 27 is switched off and ignition will occur of the 
main flow of fuel which is passing to the main burner 20. 
The construction shown in FIGURE 3 is generally 

similar to that of FIGURE 2 and will not therefore be 
described in detail, like reference numerals indicating like 
parts. 

In the construction shown in FIGURE 3, the vaporized 
fuel which passes the valve 28 and goes through the pas 
Sage 31, escapes at a nozzle 34 into which extends a por 
tion 35 of the heating element 27. The latter may be of 
the kind marketed under the trademark “Pyrotenex,” the 
portion 35 being the hottest part thereof. Air is directed 
towards the portion 35 by apertures 36 in the nozzle 34. 
As will be appreciated, in the construction of FIG 

URE 3, only a very small quantity of vaporized fuel will 
be able to pass through the nozzle 34 and this will be 
ignited by the portion 35, so that an igniter 29 does not 
need to be provided. 

It will be no doubt appreciated that although the provi 
sion of the heating element 27, together with the neces 
sary battery or other electrical power source, will of 
course add to the weight of the engine 10, nevertheless the 
Space occupied by this construction and the weight thereof 
will be less than would have been involved if the initia 
tion of the ignition in the flame tube 16 had been left 
entirely to the igniter 29, since it would then be necessary 
to make the igniter relatively massive. It will be under 
stood that the saving of weight and space in a vertical lift 
jet engine is of considerable importance. 
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4. 
We claim: 

. A fuel nozzle assembly comprising: a main burner; 
means to supply fuel to said nozzle assembly; a pre 
heating chamber operatively connected to said fuel sup 
ply means for receiving a small proportion only of fuel 
being supplied thereby; heating means disposed within 
said pre-heating chamber for vaporizing the fuel therein; 
pressure responsive valve means for discharging fuel 
vapor from said preheating chamber each time the pres 
sure of the fuel vapor therein reaches a predetermined 
value, said pressure responsive valve means being, in 
operation, arranged to intermittently open and close at a 
frequency within a selected range; and means including 
a pilot burner for receiving the discharged fuel vapor 
from said heating chamber and directing the same to a 
combustion zone adjacent the main burner. 

2. A fuel nozzle as claimed in claim 1 in which said 
pressure responsive valve means comprises a valve mem 
ber and resilient means normally urging said valve mem 
ber to a closed position, said resilient means having a 
predetermined resiliency which in part determines the 
frequency of the intermittent opening and closing of the 
valve means. 

3. A nozzle assembly as claimed in claim 1 in which 
said fuel Supply means includes a main fuel conduit and 
in which said pre-heating chamber is operatively con 
nected to said main fuel conduit by a pilot fuel conduit 
having at least one restriction therein. 

4. A fuel nozzle assembly as claimed in claim 1 includ 
ing means to Supply only a drop of fuel at a time onto 
said heating means in said pre-heating chamber. 

5. A nozzle assembly as claimed in claim 1 in which 
said means including a pilot burner also includes igniter 
means for ensuring ignition of the vaporized fuel once 
the latter reaches the combustion zone. 

6. A nozzle assembly as claimed in claim 5 in which 
the heating means comprises an electrical heating element. 

7. A nozzle assembly as claimed in claim 6 in which 
a portion of the heating element extends through said pre 
heating chamber to adjacent said pilot burner, the said 
portion forming the said igniter means. 

8. A nozzle assembly as claimed in claim 7 in which 
means are provided for directing air towards the said por 
tion of the heating element. 

9. A nozzle assembly as claimed in claim 5 in which 
the igniter means comprises means for supplying a high 
frequency spark to the vaporised fuel which has passed 
from the pre-heating chamber. 
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