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AFTERBURNER FUEL CONTROL

This invention relates to an afterburner fuel control and

5

more specifically to an afterburner control incorporating IO
a valve system for optimum operation of the afterburner.
In turbojet powered aircraft, afterburner or reheat Sys
tems are frequency employed for increased thrust opera
tion incorporating a fuel system for injecting fuel into the
turbojet exhaust stream which in burning reheats the ex 15
haust stream and increases the output thrust of the turbo
jet. This afterburner fuel control must assure immediate
ignition of the fuel injected into the exhaust stream and for
this purpose a pilot burner is provided; however, for
reasons of fuel economy and maintenance it is beneficial 20
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FIG. 3 shows the pilot burner valve in cross-section in
an open position, and
FIG. 4 illustrates graphically against time the supply
of fuel supplied to the pilot burner fuel line.
Referring to FIG. 1, a turbojet engine 10 is illustrated
generally comprising a casing 41, an inlet 12, a com
pressor section 13, a main combustor 14, a turbine 15
connected by shaft 16 to the compressor, and an exhaust
nozzle 17. Fuel nozzles 19 are provided within the main
combustor 14 with a conduit 20 leading thereto from a
pressurizing valve 21 which is connected by a fuel line 22
to a main fuel control. 23. Fuel is supplied to the fuel

nozzles 19 of the main combustor 14 through conduit 24,
pump 25 and fuel line 26 from a fuel supply 27, the quan
tity being regulated by the main fuel control. 23.
The afterburner or reheat section of the turbojet com
prises fuel nozzles 30 positioned within the exhaust nozzle
17 of the turbojet with a fuel line 31 leading from the after
burner fuel control 32 which is supplied with fuel through
the fuel line 33 and a control valve 34 by action of an
if this pilot burner is ignited only during afterburner opera afterburner pump 35 receiving fuel from the fuel supply
tion. This invention is directed to an afterburner control
27 through the fuel line 36 and valve 37. A fuel pressure
system incorporating a valve in the pilot burner supply line 38 also leads from the valve 34 to a pilot burner
which assures that the pilot burner is ignited when fuel is 'valve 39 while a fuel supply line 40 leads to the pilot
being supplied to the afterburner nozzles yet limits fuel 25 burner valve 39 from the main fuel line 20. From the
input to the pilot burner only to that time when fuel is pilot burner valve 39 a fuel line 41 conducts fuel to the
pilot burner 42 positioned within the exhaust nozzle of
being fed to the afterburner nozzles.
It is therefore one object of this invention to provide an
the turbojet. As indicated by the dotted line 45 the actua
improved afterburner fuel control incorporating a pilot tion of valve 37 and valve 34 are tied together and upon
burner fuel valve which allows the passage of fuel to the 30 actuation of the two position valve 34, valve 34 allows
pilot burner only during operation of the afterburner and pressured fuel from the pump 35 to pass through line 33
which assures ignition of the pilot burner when fuel and 38, while in the other position valve 34 vents the
reaches the main afterburner fuel nozzles.
pump 35 and the line 38 to atmosphere and valve 37 shuts
It is another object of this invention to provide a valve
off the supply of fuel to the pump. The internal struc
utilizing a cylinder and piston assembly whereby upon 35 tures of these valves are not illustrated, however there are
actuation of the valve the fluid within the cylinder is eject
many known types suitable for performing the function
ed from the valve by actuation of the piston to provide
described.
To explain the operation of this fuel system, under nor
an immediate supply of fluid to a fluid system.
It is another object of this invention to provide an
mal operating conditions fuel is supplied from the fuel
afterburner pilot burner System incorporating a valve in 40 supply 27 through the main fuel control 23 to the main
the fuel supply line having a cylinder and piston assembly combustor fuel nozzles 19 within the main combustor 14
for operation of the turbojet in the normal thrust ranges.
with a reservoir of fluid stored in the cylinder whereby
upon actuation of the piston the ports leading to the fluid When afterburning operation is required, valves 37 and
outlet of the valve are opened immediately to pass the
34 are actuated from the position venting the line 38 and
stored fluid within the valve through the outlet port and 45 45 to atmosphere to the position whereby fuel is supplied
from the fuel supply 27 through the pump 35 and to the
into the fuel supply line for an immediate supply of fluid
lines 33 and 38. The pressured fuel within the line 38
to the pilot burner.
In carrying out these and other objects of this invention
causes the pilot burner valve 39 to be actuated as will be
one embodiment of the invention incorporates a valve in explained later to allow fuel from the fuel line 40 to pass
the afterburner pilot burner fuel supply system for con 50 through the fuel line 4 to the pilot burner 42 where it
trolling the supply of the fuel to the atferburner pilot is ignited by a suitable means such as a spark discharge
burner for optimum performance of the pilot burner sys device (not shown). Also, the fuel supplied through the
line 33 passes through the afterburner fuel control 32 and
tem. This valve, upon initial fuel flow to the afterburner
nozzles, is actuated to allow fuel flow to the pilot burner the fuel line 31 to the main afterburner fuel nozzles 30
to ensure ignition of the pilot burner for positive igni 55 where it is ignited by the already ignited fuel supplied to
tion of the afterburner fuel. The valve incorporates a the pilot fuel nozzle 42 for operation of the turbojet. It
piston and cylinder assembly with a reservoir of fuel may be seen that fuel is supplied to the pilot burner nozzle
stored in the cylinder whereby upon actuation this quan
42 only when the afterburner is in actual operation, how
tity of fuel is injected into the pilot burner fuel line to fill ever, it is important that the supply of fuel to the pliot
or charge this line and immediately supply fuel to the 60 burner be immediate so that the pilot burner is ignited
pilot burner at the time of fuel reaching the afterburner when fuel is supplied to the afterburner fuel nozzles 30
nozzles for ignition of the pilot burner and subsequent ig for proper ignition of the afterburner.
Referring now to FIGS. 2 and 3, the pilot burner valve
nition of the afterburner.
Other objects and many of the attendant advantages of 39 is illustrated in enlarged cross-section with the attached
this invention will be readily appreciated as the same be 65 fuel lines 38, 40 and 41 partially illustrated. The valve
comes better understood by reference to the following de itself comprises a housing 46 having an inlet 47 to which
is attached the fuel line 40, inlet 48 to which is attached
tailed description when considered in connection with the
the fuel line 38 and an outlet 49 to which is attached the
accompanying drawings wherein:
F.G. 1 illustrates a turbojet engine partially in cross fuel line 41 leading to the pilot burner 42. The housing
section wtih the fuel system illustrated schematically, 70 46 forms an internal elongated cavity 50 in which a piston
is positioned to slide lonigtudinally within the cavity
FIG. 2 shows the pilot burner valve in cross-section in 51
50
and
with the seal 52, divides the cavity into two sepa
the closed position,
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rate compartments. Compartment 50a connects with the normally is evacuated as explained
heretofore by reason
inlet 47 by a passage 54 in which is positioned a filter 55
of
the
drainage
of
fuel
from
the
fuel
41 due to both
and an orifice pack 56. The purpose of the filter ob its configuration and to vaporization line
of
fuel
due to ex
viously is to prevent contamination of the valve by any posure to the high temperature exhaust gas stream
of the
foreign matter carried in the fuel passing from the fuel turbojet.
However
since
the
pilot
burner
valve
39
closes
line 40, and the purpose of the orifice pack 56 is to reduce when valve 34 closes, fuel remains in the compartment
the flow of the fuel supplied into the compartment 50a 5.0a of valve 39.
since lower fuel flow than that supplied to the main com
FIG. 4 is provided to illustrate graphically against time
bustor is necessary for proper operation of the pilot
the
flow of fuel through the fuel line 41 as supplied
burner. A spring 57 serves to bias the piston 51 into the IO through
the outlet 49 of the pilot burner valve 39. Illus
position illustrated in FIG. 2 and while in this position, trated here
is a graph with time as the horizontal axis and
fuel from fuel line 40 may pass into the cavity 50a and
quantity of fuel flow from the valve as the vertical axis.
fill the cavity. An extension 58 of the piston 51 extends
Under normal operation from zero to point A on the hori
toward the valve port 59 and includes a passage 61 through zontal
axis no fuel flow passes through the outlet 49 of the
which fluid may flow from compartment 50a with holes pilot burner
valve since the valves 37 and 34 are posi
62 in this extension leading into the compartment 50b.
tioned
to
prevent
fuel flow through the fuel lines 33 and
The extension 58 is shaped to close the outlet 49 and pre
38.
However
at
point A actuation of the afterburner
vent fluid flow from passing from the compartment 50b
system is signalled causing actuation of thet valves 37 and
through the outlet 49 and into the fuel line 41 while in the
34 to allow fuel flow through the lines 33 and 38 with
position illustrated in FIG. 2. Connecting with the inlet 20 flow
from line 38 entering the compartment 56c of the
48 is a third compartment 50c within the valve cavity 50
valve
to cause a rapid actuation of the piston 51 to the
with this compartment formed by the piston 51 in con
position illustrated in FIG. 3, at which time the quantity
junction with the seals 52 and 60 extending between the
of fuel within the compartment 50a is forced through
piston and housing. Naturally pressure fluid supplied the
6 of the extension 58, through the holes 62
through the fuel line 38 will act on the piston to surge 25 and passage
out through the outlet 49 and into the fuel line 4 as
it to the position illustrated in FIG. 3 since this fluid pres
illustrated from point A to point B on the graph to be an
sure is greater than the pressure of the fluid in compart
immediate high quantity charge of fluid.
ment 50a due to pressure drops in the afterburner fuel
Subsequent to this high quantity flow through line 4,
control 32.
fuel may pass from the fuel line 40 through the valve and
To explain the operation of the valve when fluid flows 30 out
through the fuel line 4 as previously described and
through line 38 into the valve the force of the fluid acting
as
illustrated
point B to point C on the graph. From
on piston 51 is sufficient to overcome the biasing force of that time on,from
normal operation of the afterburner pilot
the fluid within the compartment 50a and the force of the
requires only that this lesser amount of fuel be
spring 57 acting on the piston, therefore the piston 51 burner
supplied
to the pilot burner 42. Meanwhile fuel flow
will be surged towards that position illustrated in FIG. 3 35 through fuel
line 33 has passed through the afterburner
thereby causing the extension 58 to move away from the
fuel control 32 and the fuel line 31 to the afterburner
valve port 59 further effecting the expulsion of fluid from
main fuel nozzles 30. Due to the immediate charging of
the compartment 50a out through the passage 61, the the
fuel line 41 however the fuel flow to the pilot burner
holes 62 and the fluid outlet 49 for passage through the
has already occurred enabling ignition of the pilot burner
line 41. The fluid will be expelled in this direction since 40 for
immediate ignition of the main afterburner fuel flow
this fluid path offers much lower resistance to fluid flow through
fuel line 31 as soon as it reaches the afterburner
than the path back through the orifice pack 56. The flow
fuel
nozzles
30. At point C the afterburner is shut off
of fluid from compartment 50a may also serve to decrease
allowing the venting of line 38 to atmosphere through ac
the fluid pressure within the compartment thereby decreas
of valve 34 causing the movement of the piston
ing the fluid force on the piston resulting from that fluid 45 tuation
under
the
fluid pressure within the compartment 50a and
pressure to allow the piston to more easily move to the
the spring 57 to move to that position illustrated in FIG.
position illustrated in FIG. 3. Movement of the piston
2 closing off fluid flow through the outlet 49 by closing the
51 to the position illustrated in FIG. 3 thereafter allows
valve
port 59 by the extension 58 of the piston. There
fluid flow through the valve by passage from the fuel
fore
the
pilot burner is in operation only during after
supply line 40, through the orifice pack 56, the compart 50 burner operation
thereby effecting a savings in fuel and
ment 50a, the passage 6, the holes 62 and the outlet 49
operation of the system.
into the fuel line 4. The pressure of this fluid will be
While a particular embodiment of the invention has
reduced by passage through the orifice pack 56 for the
been illustrated and described, it will be obvious to those
purposes earlier explained. Also fluid from pressure line skilled
in the art that various changes and modifications
38 will remain static in compartment 50c since this is a
may be made without departing from the invention and
sealed compartment. Fuel flow from fuel line 40 through
it is intended to cover in the appended claims all such
the valve and through the fuel line 4 will continue so
changes and modifications that come within the true spirit
long as the fuel pressure is maintained in the line 38 and
and scope of the invention.
compartment 50c.
What is claimed as new and desired to be secured by
To explain the operation of the afterburner fuel con
Patent of the United States is:
trol with the valve 39, when afterburner operation is sig 60 Letters
1.
A
fuel system for an afterburning gas turbine en
nalled by actuation of valves 37 and 34, the actuation of
gine comprising
which is generally effected through the main fuel control,
a main combustion system including a combustor and
pressured fuel is supplied through the line 38 to pass into
conduit means for the delivery of fuel thereto,
the compartment 50c. This pressured fuel is of sufficient
an afterburner combustion system comprising
pressure to cause the fuel piston to move to the left to
at least one afterburner nozzle and
the position illustrated in FIG. 3 as explained heretofore.
an
afterburner pilot nozzle,
The movement of the piston 5 accomplishes two pur
means for selectively supplying fuel to said after
poses, namely, to allow fluid flow through the valve port
burner nozzle and stopping flow of fuel thereto, and
59 by movement of the extension 58 away from the valve 70 means
for simultaneously supplying fuel to the after
seat with further movement of the piston 51 causing an
burner
pilot nozzle and igniting same when fuel is
immediate expulsion of the fluid fuel from the compart
supplied
to said afterburner nozzle and stopping flow
ment 50a through the passage 61, holes 62 and the fluid
of fuel thereto when the flow of fuel to the after
outlet 49 into the fuel line 41. By this action of the valve
burner nozzle is stopped, said means initially supply
an immediate charge of fuel fills the fuel line 41 which
ing a substantially large amount of fuel to said after
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burner pilot nozzle and then a lesser amount of fuel
during continued operation of the afterburner nozzle.
2. A fuel system as in claim 1 wherein
the means for supplying fuel to the afterburner nozzle
comprise conduit means leading from a pressurized
fuel source to said afterburner nozzle and

valve means interposed in said conduit means and
operable to stop the flow of fuel to said afterburner
nozzle and
further wherein the means for supplying fuel to and
stopping flow of fuel to said afterburner pilot nozzle
is connected to said afterburner conduit means and
responsive to pressurization thereof.
3. A fuel system as in claim 2 wherein the means for
supplying fuel to and stopping flow of fuel to said after
burner pilot nozzle comprise
conduit means leading from said main combustion sys

10

conduit means.

4. A fuel system as in claim 3 wherein the pressure
actuated valve comprises
a housing having inlet and outlet passageways respec
tively connected to the conduit means from the main
combustion system and leading to the afterburner
pilot nozzle,
a piston reciprocable in said housing and having a pas

sageway therethrough, said piston in one position

5. A fuel system as in claim 4 wherein
the piston is hollow and
the housing inlet opening is restricted as compared with
the outlet opening
thereby providing said relatively large amount of fuel
upon displacement of said piston and the lesser
amount thereafter.

References (Cited by the Exainier

tem to said afterburner pilot nozzle and

a pressure actuated valve interposed in the last named

6
sealing the outlet from said housing, said piston be
ing maintained, at least in part, in said one position
by the force thereon of the fuel from the main com
bustion system, said piston being displaced by pres
surization of the conduit means leading to said after
burner nozzle to a second position wherein fuel may
flow through the piston and be discharged through
said passageway to said afterburner pilot nozzle.
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