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This invention relates to combustion appa 
ratus, more particularly to ignition means there 
for, and has for an object to provide improved 
mechanism for igniting a fuel-air mixture. 
When a mixture of fuel and air is flowing 

through a combustion tube or chamber at high 
Velocities, for example in afterburners for jet 
engines, difficulty is frequently encountered in 
preventing the flame formation being swept 
downstream and out of the tube or chamber be 
fore combustion of the fuel-air mixture is com 
pleted. 
One means previously proposed for overcoming 

this difficulty comprised the provision of a grid 
of thin plates or webs disposed generally trans 
versely of the combustion chamber together With 
a hollow airfoil Section member positioned up 
Stream of the grid and provided with an up 
Stream inlet for a portion of the fuel-air mix 
ture and a downstream outlet for burning fuel 
air mixture, the hollow member being so disposed 
as to direct its flaming discharge onto a limit 
ed portion of each bar or web of the grill to heat 
the latter to a temperature sufficient to effect 
Surface ignition of the fuel-air mixture fiowing 
in contact therewith. In this prior arrangement 
it was necessary to rely on heat transfer through 
the material of the webs of the grid to extend 
the heating of the grill to a region thereof be 
yond that directly contacted by the discharge 
from the hollow heating member and hence to 
extend the surface combustion effect to cover 
the entire cross-sectional area, or the entire 
Width, of the combustion chamber. 
The present invention seeks to improve this 

prior arrangement by combining the hollow heat 
ing member and the grid. To this end, the grid 
members are made hollow and a heater is di 
rectly united therewith in such a manner that 
the burning gases pass from the heater into and 
through the hollow grid members to heat them 
internally to a temperature sufficient to pro 
duce auto-ignition of the fuel-air mixture flow 
ing in contact With the outer surfaces of the grid 
In emberS. 
Accordingly, another object of the invention is 

to provide a surface ignition member together 
With means for internally heating substantially 
the entire length thereof. 
These and other objects are effected by the 

invention as will be apparent from the follow 
ing description and claims taken in connection 
With the accompanying drawing, forming a part 
of this application, in which: . 

Fig. is an elevational view of an aircraft 
power plant incorporating the invention, a por 
tion of the structure being broken away in the 
interest of clearness; 

Fig. 2 is an enlarged fragmentary longitudi 
nal sectional view showing details of the inven 
tion; 
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Fig. 3 is an elevational view of the right hand 
end of the structure shown in Fig. 2; 

Fig. 4 is a sectional view similar to Fig. 2, but 
showing a modified construction; and 

Figs, 5 and 6 are enlarged transverse sectional 
views showing the upstream ends of two addi 
tional arrangements of the invention. 

Referring now to the drawing in greater de 
tail, the invention, while in no way limited to 
use thereWith, is shown in connection with the 
afterburner of a power plant for jet propulsion 
of aircraft. This power plant, indicated in its 
entirety by the reference character 0, comprises 
an outer casing and a composite core struc 
ture 2 coaxial with the longitudinal axis of the 
Outer casing and spaced from the latter radially 
to provide therebetween an annular passage 3 
for flow of air and gas substantially straight 
through the power plant from an inlet 4 at the 
front, or left as viewed in Fig. 1, to an exhaust 
nozzle 5 at the rear or opposite end. 
The composite core structure 2 includes a 

fairing cone 6, axial-flow compressor 7, Com 
bustion apparatus 8, turbine f9 and tailcone 2. 
The operation of a power plant of this type is 
Well understood in the art, and may be sum 
marized as follows: Air entering the annular 
passage 3 through the inlet 4 is compressed 
in the compressor f7 and then heated in the com 
bustion apparatus 8 by the burning of fuel 
therein. The heated air and hot products of 
Combustion are expanded through the blading of 
the turbine 9 to motivate the latter which in 
turn drives the compressor through a con 
necting shaft (not shown). The motive fluid 
expanded through the turbine is discharged from 
the power plant through the exhaust nozzle 5 
in the form of a jet establishing a propulsive 
thrust. 

In the power plant herein illustrated, the ex 
haust nozzle 5 is disposed a material distance 
downstream from the turbine 9 and tailcone 2, 
the Space therebetween being utilized as an af 
terburner combustion space or chamber 25 for 
further heating the air and gases discharged 
from the turbine prior to their exhaust through 
the exhaust nozzle 5. 

Fuel is supplied to the afterburner 25 through 
a plurality of annular manifolds 22 and supply 
lines 23 to effect a mixture of fuel and air for 
flow through, and combustion in, the afterburner. 
Due to the relatively high velocity of the fuel 

air mixture flowing through the afterburner 
combustion chamber, difficulty may be encoun 
tered in obtaining suitable flame distribution 
transversely of the combustion chamber unless 
Special means are utilized to this end. 

In accordance with the present invention, one 
or more Surface ignition members are disposed 
transversely of the combustion chamber and 
Serve to ignite the stream of fuel-air mixture 
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passing in close proximity thereto. Inasmuch as 
the surface ignition member or members extend 
substantially all of the way across the combustion 
chamber 25, they will effect ignition of the fuel 
air mixture throughout substantially the full 
width of the stream thereof. 

In the form of the invention shown in FigS. 1, 
2 and 3, a single surface ignition device in the 
form of a tubular member 26 extends trans 
versely of the combustion chamber 25. Wall 
structure is associated with the tubular member 
25 adjacent the center of the upstream edge 
thereof to provide a heater 27 having an inlet 28 
directed upstream for entry of a limited portion 
of the fuel-air mixture flowing through the after 
but nei. 
The relatively high-velocity stream of fuel-air 

mixture entering the heater. 27 expands after 
passing the narrow inlet 28, resulting in a veloc 
ity reduction of a degree sufficient to permit 
flame retention and propagation in the heater 2 
and tube 23. Preferably, the tube 28 is of airfoil 
section and is provided with one or more open 
ings 29 in its downstream edge for discharge of 
burning gases and hot products of combustion, 
the fiow of burning gases lengthwise through the 
tube heating the walls thereof to or above the 
auto-ignition temperature of the fuel-air mixture 
flowing in contact with the outer ignition. Sur 
faces of the tube. 
Any suitable means may be provided for ini 

tiating combustion within the heater 27, an elec 
tric ignition coil 3 being shown for this purpose 
in FigS. 2 and 4. 
The modification of Fig. 4 differs from that of 

Figs. 2 and 3 in that additional fuel-air inlet 
openings 32 are provided in the upstream edge of 
the tube 36a, together with internal baffles 33 to 
prevent flow of entering fuel-air directly across 
the width of the tube and out through the outlets 
29ct directly opposite. 

Figs. 5 and 6 show further desirable arrange 
ments each involving the use of a plurality of 
tubes. In Fig. 5 a plurality of straight tubeS 50 
are disposed in parallel side-by-side relation, 
providing a grid structure disposed generally nor 
mal to the direction of flow of the fuel-air mix 
ture through the combustion chamber. A single 
elongated heater 5 having an elongated slot-like 
fuel-air inlet, 52 in its upstream edge, extends at 
right angles to the plurality of tubes 50 and dis 
charges to the interior of each of the latter 
through outlets 53. 
Each tube 50 is provided with one or more out 

let openings in the downstream side thereof. 
In the construction of Fig. 6, a plurality of 

radial tubes 55 and circular tubes 56 are arranged 
to provide a grid to which burning fuel and air 
are supplied from a plurality of heaters 5 having 
inlets '58 and discharging to the tube grid at 
intersections of radial and circular tubes, which 
tubes have one or more outlet openings in the 
downstream sides thereof. 

It will be apparent that the heaters 5 and 57 
of Figs. 5 and 6, respectively, may be provided 
with any suitable means (not shown) for initiat 
ing combustion within the heaters. 
While the invention has been shown in Several 

forms, it will be obvious to those skilled in the art 
that it is not so limited, but is susceptible of vari 
ous changes and modifications without departing 
from the spirit thereof. 
What is claimed is: 
1. In combustion. apparatus, first Wall struc 
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4. 
ture defining a main combustion chamber 
adapted for flow of air therethrough; means near 
the upstream end of said chamber, considered in 
the direction of flow of air therethrough, for Sup 
plying fuel to the air flowing therethrough for 
admixture therewith; a tubular member disposed 
generally normal to the direction of flow of the 
fuel-air mixture through Said chamber and pro 
viding an ignition surface; second wall structure 
defining a heating chamber having an inlet wall 
downstream of the fuel supply means, said inlet 
being directed upstream in the main combustion 
chamber for entry of a limited portion of the 
fuel-air mixture flowing through said main. 
chamber, and Said heating chamber having an 
Outlet for burning gases communicating with the 
interior of the tubular member, and means asso 
ciated With Said heating chamber for initiating 
combustion therein, said tubular member having 
One or more outlet openings in the downstream 
Side thereof, whereby burning gases and hot 
products of combustion discharged from the 
heating chamber to the interior of the tubular. 
member may flow through the latter and heat the 
ignition Surface thereof to the auto-ignition tem 
perature of the main fuel-air mixture flowing in 
contact with the Said surface. 

2. Structure as Speaified in claim i, wherein the 
tubular member has a series of outlet openings in 
the downstrean side thereof throughout a major 
potion of its length, 

3. Structure as specified in claim 1, wherein the 
tubulal' nember has an outlet slot in the down 
Strean Side thereof extending throughout a ma 
jor portion of its length. 

4. Structure as specified in claim 1, wherein the 
tubular member has a plurality of inlet openings 
in its upstream side for entry thereto of limited 
quantities of fuel-air mixture for combustion 
therein. 

5. In combustion apparatus, first wall struc 
ture defining a main combustion chamber 
adapted for flow of fuel-air mixture there 
through, a plurality of tubular members extend 
ing generally normal to the direction of flow of 
the mixture through the chamber and providing 
a plurality of ignition surfaces, second wall struc 
ture defining one or more heating chambers each 
having an inlet directed upstream in the main 
combustion chamber for admission to the heating 
chamber or chambers of a limited portion of the 
fuel-air mixture flowing through the main com 
bustion chamber and having an outlet for burn 
ing gases communicating with the interiors of the 
tubular members, and means associated with said 
One or more heating chambers for initiating com 
bustion therein, each of said tubular members 
having One or more outlet openings in the down 
stream Sides thereof, whereby burning gases and 
hot products of combustion discharged from the 
heating chamber or chambers may fiow through 
the tubular members and heat the ignition sur 
faces thereof to the auto-ignition temperature of 
the main fuel-air mixture flowing in contact with 
the Said Surfaces. 
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