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This invention relates to combustion chambers
and, in particular, to an improved structure for
a combustion chamber installed at the tip of
a rotating blade or the like.

Combustion chambers installed at blade tips
drive a blade by means of a thrust produced
by products of combustion escaping from the
chamber. For changes in operating conditions,
it is desirable that the driving thrust be variable.
With a constant air weight flow, the thrust pro-
duced by a combustion chamber is variable by
varying its operating temperature.

While the idea of varying the temperature
within a combustion chamber is not new in it~
self, there has long been the desire to produce
2 combustion chamber that has a maximum
burning efficiency over a wide range of temper-
atures.

In the usual variable temperature combustion
chamber, the temperature is controlled by regu-
lating the amount of fuel that is supplied to the
comnbustion chamber; for example, the pressure
on the fuel might be varied to increase or de-
crease the fuel supply rate. Nozzles, however,

have an optimum rating for maximum burning .

efficiency within a combustion chamber. For
instance, a nozzle might be rated at 11 gallons
per hour at 60 degrees at 100 p. s. i. This rating
means that under those conditions the fuel, as
it passes through a nozzle, is atomized to pro~
duce a plurality of small fuel particles of a size
that readily intermingles with combustion air
to permit complete combustion of the fuel. As
the fuel rate is decreased below optimum rating,
the atomization of the fuel is poor and it
emanates from the nozzle in droplets that do
not properly intermingle with combustion air;
consequently, the fuel is not completely burned.

It is an object of this invention to provide
a combustion chamber of unique structure that
can be operated over a range of temperatures
at optimum efficiency.

It is a further object of this invention to pro-
vide a new and improved combustion chamber
wherein the metal portions of the chambar are
maintained at a low operating temperature, while
temperatures great enough to injure these por-
tions exist within the chamber.

It is a still further object of this invention to
provide a new and improved combustion cham-
ber wherein the fuel is mixed with combustion
air in a manner that produces complete com-
bustion.

Broadly, this invention comprises a combustion
chamber wherein a plurality of fuel nozzles are
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installed one in each of a plurality of mixing
domes. Fuel and air are mixed, and the fue]
is partially burned within these domes, while
complete combustion takes place within the com-
bustion chamber proper. The fuel nozzles are
arranged to permit operation at optimum effi-
ciency ¢f any or all of the nozzles to produce
a wide range of temperatures within the
chamber.

Further objects and advantages of this inven-
tion wiil become apparent and the invention will
be more clearly understood from the following
description referring to the accompanying draw-
ing, and the features of novelty which charac-
terize this invention will be pointed out with
particularity in the claims annexed to and form-
ing & part of this specification.

Referring to the drawing, Fig. 1 is a diagram-
matic view of a combustion chamber installed at
the wing tip of a helicopter blade ; Fig. 2 is a plan
view, partly in section, of the burner; while Fig,
3 is an end view of the burner.

In the drawing, a hollow rotor blade 1 is shown
having a combustion chamber or burner unit 2
installed adjacent its substantially outer extrem-
ity. Air is supplied to the burner through the
hollow center 3 of blade i, while fuel is supplied
through a conduit 4 that extends through blade
i to the burner from the aircraft cabin (not
shown). Adjacent the burner, conduit 4 is di-
vided into a plurality of branch lines 5a, §b, B¢, 5d
and Be, each having a valve § operable at the
pilot’s control from within the plane by & means
(not shown). The means could be g solenoid
valve or the like.

Burner 2 comprises a shell T of heat resistant
metal which, in accordance with this drawing, is
shown as being oval shaped, but shell 7 need not
be limited to any particular configuration. A
pblurality of domes or protrusions 8a, 89, 8c, 84,
and 8e are shown spaced about burner 2. Dome
8c is positioned at the longitudinal axis of the
burner, while the other domes are shown sym-
metrically spaced about shell 1. Each dome is
hollow and at its greatest cross section joins the
combustion chamber shell 1. Fuel nozzles 9 are
indicated positioned at the axis of the domes in
which they are installed. The fuel nozzles are
supplied with fuel from conduit 4 through the
branch lines 5a—?5e, respectively. An igniter {9
is positioned in dome 8c for initiating combus-
tion within the chamber. While only one igniter
10 is shown, it is to be understood that it would
involve no departure from this invention to pro-
vide an igniter in each of the domes.
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Shell 1 is provided with a plurality of louvers
{{ which are symmetrically spaced about the
periphery of the shell. The louvers, which are
slits transverse to the longitudinal axis of the
chamber, are so positioned that alternate rows
are staggered to provide admission of a film of
air that completely envelopes the inner wall of
the shell 7. As a typical example, which is not
meant to be a limitation to the scope of this in-
vention, it has been found that if 33 rows of lou-
vers (all of which are not shown) are equally
spaced along a 45 inch axial length of shell T that
adequate combustion air is supplied to the
burner. A thrust nozzle 12 is provided at the
trailing edge of buxner 2 to conduct the products
of combustion from it. The escaping products
of combustion produce a thrust that drives the
rotor blade. '

A flange {3 is positioned between thrust nozzle

12 and shell 7 to position and secure burner 2 ¢

within the hollow rotor blade. A plurality of
openings (not shown) are placed within flange 13
to accommodate bolts or rivets or the like for se-
curing the burner to the rotor blade.

At the outer tip of the hollow blade, a plenum
chamber 14 is formed in hollow center 3 of blade
{ between burner 2 and the nner periphery of
the blade. Compressed air is supplied from the
cabin of the aireraft through the hollow rotor
blade to plenum chamber {4; consequently, the
air is supplied to the burner at 90 degrees to the
direction of the resulting escaping produets of
combustion. The air is sent through ounly one 90
degree bend as it enters the burner and there is
not the resulting pressure drop that takes place
when air is admitted to the plenum chamber
axially of a burner. The details of the admission
of air to a burner at right angles to the resulting
thrust is deseribed in more complete detail in a
copending application Serial No. 149,913, filed
March 16, 1950, Alonzo W. Noon, now abandoned,
assigned to the same assignee as the assignee of
the present invention.

Compressed air from plenum chamber 14 enters
shell 7 through louvers i which, because of the
spacing, continuously supply an envelope of cool
air to the inner surface of shell 1, thus maintain-
ing it at a lower and safer temperature than the
actual burner temperature which exists towards
the axial center of burner 2. Because of these
louvers, operating temperatures are tolerated
which are much higher than those that can be
withstood by present day heat resistant metals.

As has been previously discussed, a plurality of
domes 8a-8e are symmetrically spaced in one
plane longitudinally of shell 7. Air from within
burner 2 eddies into these domes to provide pri-
mary combustion air for fuel that is injected into
a dome through nozzles 9. The fuel passing into
these domes is controlled by valves §, which are
under the control of the operator of the plane;
consequently, by opening or closing these valves,
the operator can vary the amount of fuel supplied
to burner 2.

Tor optimum efficiency of operation, the pres-
sure at each fuel nozzle 9 is maintained at the
pressure for which it was designed; consequently,
2 predetermined amount of fuel is injected
through each nozzle. The pressure of the fuel
can, of course, be varied within certain limits
without detracting from this jnvention, but it is
desirable to maintain the fuel pressure at
optimum.

Sinee the operating temperature of a burner
is dependent upon the amount of fuel that is
burned in it, it can be seen that by employing
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a plurality of fuel injecting nozzles each operated
at optimum fuel rates, the temperature of op-
eration of the burner is controllable over a wide
range to produce & predetermined temperature
and thrust.

In operation of this improved combustion
chamber, combustion is initiated by supplying a
quantity of fuel to dome 8¢ through nozzle 9 and
then igniting this mixture with igniter 18. This
swirling burning mass thus produced travels
axially along shell 7 past the other domes. As
fuel is supplied through the other nozzles, it im-
pinges upen the swirling burning mass and
ignites to initiate a primary burning within that
dome. The products of combustion from that
dome pass into the main stream within shell 7
where supplemental or secondary air is added
from the louvers {i to completely burn the fuel.
By injecting fuel into a dome instead of into the
air stream and burning it in primary air, the fuel
particles are prewarmed before entering the main
combustion chamber and consequently do not
tend to lower the operating temperature of the
chamber proper. Complete combustion of the
fuel particles takes place in the combustion
chamber proper.

Igniter {8 need be activated only long enough
to initiate a burning within shell 1, since this
purning is self-propagating, or sustaining burn-
ing, not being intermittent as the combustion
which takes place within the cylinder of an
automohile.

With the structure of this invention as thus
described, it has been found the this burner has
an optimum burning efficiency at a range of fuel
to air proportions from .033 to .004 which produce
a range of temperatures from 2800° P, down to
300° ¥, with no over-heating of the surface of
shell 8 and with little metal discoloration due to
heat.

Other factors in combustor design have con-
siderable influence on the performance of 2
purner. The effects of combustor inlet pressure,
approach velocity, inlet temperature, and inlet
area proportions are all primary variables. The
vesults which have been shown were determined
with all the factors constant except the rate of
fuel injection.

Modifications of this invention will occur to
those skilled in the art and it is desired to ke
understood, therefore, that this invention is not
to Le limited to the particular embodiment dis-
closed, but that the appended claims are meant
tn cover all the modifications which are within
the spirit and scope of this invention.

What I claim as new and desire to secure by
Tetters Patent of the United States is:

1. In 2 helicopter provided with a plurslity of
hollow rotatable blades, a jet propulsion unit
positioned at the outer extremities of each of said
blades, said propulsion unit being arranged to
produce a thrust to drive said blade, means for
conducting fuel and air through each of said
hollow hlades to its seid propulsion unit, each
ot said hollow blades and said propulsion units
defining a plenum chamber, said air conduit
means being arranged to admit air to said ple-
num chamber at right angles to the direction of
thrust of said propulsion unit, said propulsion
unit comprising a combustion chamber, & thrist
nozzle, and means for securing said unit to seid
blade, said combustion chamber being defined
by = shell of heat resistant metal provided with
a plurality of dome-shaped protrusions, each of
said protrusions being provided with a fuel in-
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jection nozzle, one of said protrusions being fur-
ther provided with an igniter means, each of
said fuel injection nozzles being connected to
said fuel conduit means by a branch conduit, a
valve interpositioned in each of said branch
conduits between said fuel! conduit means and
said fuel nozzles, means for regulating said
valves whereby fuel can be directed through one
or more of said nozzles, said shell further being
provided with the plurality of louvres for admit-
ting air from said plenum chamber to said com-
bustion chamber, said louvres being spaced in
rows with louvres in successive rows being inter-
mittently spaced to provide an envelope of cool-
ing air for the inner periphery of said shell,
whereby fuel at a variable rate and a predeter-
mined pressure and air at a fixed rate are ad-
mitted to said combustion chamber and burned
with the products of combustion exiting through
said thrust nozzle to drive said hollow blades.

2. A combustion chamber comprising an elon-
gated tubular shell having a plurality of aper-
tures in the periphery thereof, a plurality of
hemispherically shaped domes directly posi-
tioned on said shell across said apertures, means
for injecting fuel into each of said domes, igni-
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tion means positioned in one of said domes,
means for controlling the rate of fuel supply to
said injecting means, and a plurality of louvers
positioned substantially throughout the entire
length of said shell for supplying air to said
combustion chamber.
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