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1

The invention relates to combustion means of
a character suitable for a jet propulsion unit.

In jet propulsion units, the jet stream is pro-
duced by foreing air into a zone where combustion
of the fuel takes place, the hot gases emerging
from said zone constituting or uitimately pro-
ducing the jet stream. Because ¢f the high ve-
locity of the air blast entering such zone, it is
-difficult to maintain combustion therein because
of the tendency of the high velocity air to carry
the flame away from the point at which the. fuel
is introduced into the air stream. |

The general object of the invention is, there-
fore, to provide a novel combustion means or
burner for a jet propulsicn unit, providing an
area where g nucleus of flame can ke develowed
and maintained with protection against extin-
guishment of the flame by the high velccity air
blast in the path of which the burner is located.

Another object is to provide a novel burner
providing a flame area which receives air from
the high velocity air blast wherein the burner is
located, but which is protected from the direct
velocity of the blast, so that a nucleus of flame
may thereby be maintained to insure continued
combustion of the fuel.
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parenf irom the following description taken in
connection with the accompanymg drawmgs in
which: |
Figure 1 is a longitudinal sectional view of a
jet propulsion unit having combustion means em-
bodying the features of the invention.
Fig. 2 1s an enlarged fragmentary sectional

view of a portion of the jet propulsion unit and
showing the structure of a burner.

Fig. 3 1s a face view of a pair of burners taken
substantially on the line 3—3 of Fig. 2.

A jet propulsion unit for which the present
invention is adapted may ke of any desired form.
For purposes of illustration, however, I have
shown a jet propulsion unit of the general
character shown in copending application Serial
No. 649,871, filed February 25, 1946, in which

- Robert M. Wllllams and Curtis N. Lawter were

20

A further ob’ect is to provide g novel burner

providing an areg through which fuel is sprayed
and in which g small portion of the fuel is burned
with the flames therein shielded from the sur-
rounding high velocity air blast, sc that a nucleus
of flame is nmaintained to insure ccmbursilon of
the remainine or major rortion of the fuel beyond
- the burner and so that such maior pertion is pre-
heated in its passage through said arca.

Still another obiect is t¢ nrovide 8 novel burner
of the general character referred to above, which
is so constructed that no carbon will accumulate
in the burner to interfere with its operation.

A still further object is to provide novel com-
bustion means comprising a combustion cham-
ber of annular form with a plirrality of burners
located in the upstream end thereof, a portion
of the hizh velocity air blast passing around said
chamber to enter through the sides thereof to
supply secondary air for combustion while pri-
mary air from said blast enters the upstream
end about the burners, with a part of the primary
air drawn intc each burner to provide the air
necessary to suprort combustion for a nucleus of
flame developed within the burner.

It is also an object o provide a novel method
of effecting combustion of fuel in a high veloecity
~air blast.

Other objects and advantages will become ap-
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co-inventors. Such a unit is illustrated in Fig.
1 of the drawings and comprises generally an in-
take opening 20 centrally positioned at the front
end of the unit and provided by a shell or cover
21. Within the cover 21 are a plurality of guide
vanes 22 for directing the flow of air rearwardly
to a single-stagge mixed flow comuressor formed
by blades 23 carried bv a rotor or hub 24. The
latter is fixed on a shaft 25 journaled at its front

end in g bearing 26 supported by guide vanes 22.

The ailr entering the intake opening 20 passecs
between the guide vanes 22 and 1s directed axially
to the blades 23, from which it ig discharged
substantially radlally intn a vanelesg diffuycer 217.

From the vaneless diffuser 27 the air is di-
rected rearwardly through a vaned d1ffuser indi-
cated generally at 28, and formed by an outer
shell 3f and an inner shell 82. The shells 31 and

32 are so formed as to direct the air inwardly and =

rearwardly. The snace between the members 31
and 82 is divided by spiral partitions 33 which
imoart a helical motion to the air. The shells 21
and 32 are so dimensioned as to provide an in-
creased cross-sectional area in the vassage there-
between. in spite of the fact that the diameter of
such space is reduced, so that the velocity of the
alr is gradually but matﬁrl.ally reduced, as it flows
rearwardly through the vaned diffuser 20. The
air emerging from the vaned diffuser, however
still has a high velomty as it enters the combustmn
portion, indicated generally at 34, of the unit.
The combustion portion 34 is annula,r in form
and is provided by an outer substantmlly cylin-
drical casing 3% and an inner casing 36. Within
the annular space between the casings 35 and 36
is a compustion chamber which is also annular
in form and is provided by an outer liner 40 and
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an inner liner 4i. Within the combustion cham-
ber, fuel is burned to provide a power stream of
hot gas emerging rearwardly therefrom to pass
through stationary turbine guide vanes 42 and
then through turbine blades 43. The turbine is
mounted on the rear end of the shaft 25 and thus
drives the impeller 23 mounted on the forward
end of the shaft. The power stream, after pass-
ing through the fturbine, enters a converging
portion 44 of the outer casing, constituting a tail
cone.

The invention herein disclosed relates to the
combustion of fuel in the combustion chamber
provided by the liners 48 and 4i. The high ve-
locity air blast emerging from the vaned diffuser
31 may be said to be divided intc two portions,
one portion passing between the outer liner 48
and the outer casing 35 as well as between the
inner liner 4f and the inner casing 36 to provide
‘the secondary air for combustion, such air enter-
ing the combustion chamber through apertures
45 provided in the outer and inner liners 40 and
41. The other portion of the air enters the
upstream end of the combustion chamber be-
tween the outer and inner liners 490 and 41.
Mounted in the same end of the combustion
chamber is an annular series of burners, indi-
cated in Fig. 1 at 45, for sprayving fuel into fthe
combustion chamber. The burners 46 are prefer-
ably mounted in pairs, as shown in Fig. 3, with
each pair supported by a T-shaped pipe 50 ex-
tending radially inward through the oufer shell

31 of the vaned diffuser.

- With an air blast having as high a velocity as
is necessary in g unit of this character, particu-
larly when the unit is operating at loads ap-
proaching maximum, there is difficulty in main-
taining combustion since the air blast tends to
carry the flame downstream fasfer than the rate
of propagation of the flame in the incoming
stream of fuel supplied by the burner. In ofher
words, the velocity of the air blast is such that it
tends to extinguish the flame, To¢ prevent this
from - occurring, the burners in the present in-
stance are so constructed that they maintain a
-nucleus of flame protected from the direct ac-
tion of the air blast, thus insuring continued
combustion of the fuel as it is supplied. Fur-
thermore, the nucleus of flame, which consumes
only a small portion of the fuel, is utilized to
preheat the major portion of the fuel so as to
facilitate combustion thereof..

- In the preferred embodiment of the mventmn
shown in the drawings, the T-shaped pipe 50 at
the- outer -end - of each arm thereof is provided
with--a fitting 5! (see Fig. 2) extending for-

wardly or in g downstream dlrectmn toward. the

combustion chamber. The downstream end of
the fitting 51 is internally threaded as at 52 to
receive 3, nozzle 53 for producing a conical spray
of fuel. A nozzle of this type is well known in the
art and, therefore, need not be described in de-
tail. In the drawings, the spray of fuel is indi-
cated by dash-and-dot lines 58 and in the present
instance has an angle of divergence of substan-
tially 60 degrees. The fitting 81 is also provided
with external threads 55 to receive a hub 36, the
longitudinal position of the hub on the ﬁttmg be-
ing determined by a flange 571 formed on the fit-
ting. The hube 56, at its front end, is beveled as
at 60 and is promded with an opening 61 through
_which- the spray 54 passes. The front end of the
" hub 58 is hollowed out so as to provide an air pas-
sage 62 surrounding the forward end of a nozzle
53. To hold the parts firmly together, the hub
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may be provided with an aperture 63 to recelve a
wire (not shown) for preventing the parts from
becoming unscrewed. The hub is also provided
with a series of radial apertures 64, twelve in the
present instance, to admit air to the interior of
the hub, such air being drawn forwardly through
the opening 61 by jet action of the spray 54.

With an air blast having as high a velocity as
is utilized in apparatus of the present character,
the fuel, as it is sprayed from the nozzie b3
through the opening 61, if unprotected, would not
continue to burn since the direct action of the air
blast on the flame would tend to extinguish it.
To this end, the cone of fuel is protected from
the direct action of the air blast and a nucleus
of flame is maintained about the main body of
the spray so that continued combustion will be
insured. In the preferred form, the means for
protecting the spray from the direct action of
the air blast comprises an air diffuser 65 of coni-
cal form having its smaller end rigidly secured
to the hub 56 abouf the opening 61. The diffuser
65 extends downstream from the opening 61 and
is spaced from the fuel spray 54 to provide an
annular space 56 of conical form extending about
the spray. In the preferred form, the diffuser 69
has an angle of divergence somewhat greater
than the conical spray 54 so that the space 66 is
of greater radial thickness at its downstream end
than at its upstream end, as is apparent in Fig. 2.

The space 8§ constitutes an area which is pro-
tected from the direct action cf the air blast and
in which a nucleus of flame is mainfained to in-
sure continued combustion of the fuel and to
prehest the main portion of the spray as it passes
within the space §86. To this end, a conical shield
T8 is mounted externally of the diffuser §5. The
shield 76 is of substantially the same diameter
at its downstream end as the downstream end
of the diffuser §% and is secured thereto as by

welding. Holes T{ may be provided at predeter-
mmed points in the periphery of the two cones,
through which wires may be threaded to insure
that the two cones cannot become separated.
The cone or shield 79 has its smaller end located
in a transverse plane which is slightly upstream
from the unstream eng of the diffuser §9 and the
opening 6{ in the hub 56. The shield 70 has a
smaller angle of divergence than the cone 65 so
that an air space 12 is provided therebetween,
the air space 712 being widest at its upstream end
and tapering toward its forward end where the
two cones are secured together. The shield 18 is
subiected exteriorly to the air blast and thus, at
its downsiream end, produces a low pressure area
ot the forward or downstream end of the space
68. As a result, air from the air blast will be
drawn Inwardly, as indicated by the arrows 713,
to enter the space 68. Such flow of air, due fo
turbulence occurring therein, tends to create a
mist of fuel within the space 86 which burns
to provide the nucleus of fiame.

To provide air to support combustion of the
mist drawn from the fuel, air is admitted to the
space 88, not only at the downstream end of the
space as Indicated by the arrows 13, but also
through the diffuser 85 which, for this purpese,
is provided with perforations 74 throughout its
area. Air from the air space 72 between the two
conas £8 and 70 may be admitted into the space
66 through the perforations 14, the thickness of
the mefal from which the diffuser 85 is formed
tending to direct the flow of air through the per-
forations 14 toward the spray 54, thus effecting a
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thorough mixture of the air W“Ith the mist in the

space 66.
Air 1s supplied to the gir space T2 from the gir

blast, but such space 72 is protected against the

~direct velocity of the air. To this end, g conical
defiector 15 is mounted on the hub 56 rearwardly
of the shield 18 and spreading outwardly heyond
the upstream end of the air space 72. Thus, the

deflector T8 has its larger end locgted substan-

tially in the same transverse plane with the up-
stream end of the shield 70 bhut the larger end

10

of the deflector 75 is of greater digameter than the

adjacent small end of the shield 76 so that an
annular opening 7§ is provided therebetween.

The deflector 75 creates a low pressure area at

the opening 18 tending to draw air into the de-
flector from fthe air blast, as indicated by the
arrows 11. Thus, air from the air blast will be
supplied to the air space 12, but at a greatly re-
duced velocity, so that the air will provide for
combustion of the fuel mist within the space 66
without fending to extinguish the flame therein.
The air drawn inwardly by the deflecvor 1T also
constitutes the source of gir passing inwardly
through the radial apertures 64 in the hub, since
the deflector 15 engages the hub at g point up-
stream from the apertures E4.

With fthe foregoing arrangement of parts, a
raist of fuel is created in the space 8% and com-
bustion thereof is maintained by air supplied
from fthrees sources, namely: first, from the low
pressure area at the downstream end of the gif-
fuser 65, as indicated by the asrrows T3: second,
from the air spacs T2 through the perforations

14: and third, from the air passing through the :

apertures §4 and drawn forwardly through the
opening & by the jet action of the spray. Such

condition and mode of operation apnly when the

velocity of the air blast is in the lower or middle
portion of its range. BHowever, when the unit is
operating at loads approaching maximum, the
velocity of the air blast may increase to a point
where a somewhat different flow of air takes
rlace. Thus, at such high velocities, the blast
in passing the defiector 15 may, instead of creat-
ing a low pressure area tending to draw air in-
wardly through the opening 78 between the de-
filector 75 and shield 18, cause a balancing of
pressure at this point so that no air will enter
through the opening 78, the entire air for the
space B8 being supplied from the low pressure
area, 13 at the downstream end of the deflector
10. In fact, there may be a2 complete reversal of
air flow through the opening 76. However, in
either instance a mist of fuel is created In the
space 60 angd combustion of such fuel takes place
within this space so as to maintain a nucleus of
Jame extending about the upstream end of the
spray. Such nucleus of flame insures complete
combustion of the major portion of the fuel
passing out in the spray since it forms what may
be termed a flame anchor within the high velecity
air blast. The cone of flame within the space €5
glso functions to preheat the main body of the
fuel and thus facilitates subsequent combustion
thereof. Siuch flame further functions to main-
tain the diffuser 6% in a highly heated condition
so that no carbon can form thereon and perfora-
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stream from said nozzle-about said spray and
radially spaced therefrom to provide an anhnular

‘combustion space about the spray, said diffuser
‘being cpen ended in a d‘ownstream direction and

an imperforate wall forming a- conical shield
extending about said diffuser to prevent- entrance

of air from: said blast at a high velocity into said

combustion space, the downwsiream end of said

shield being concentric with and supported from
the downstream end of said diffuser, said shield
having its downstream end adapted to be posi-
tioned in said blast and being open for creafing
g low pressure area at the downstream end of

said space for drawing air through the open end

of said diffuser info said space at reduced veloc-

- ity to vaporize-a. portion of the spray and. eﬁect
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tions T4 are therefore ma.intained clear and free -

to conduct air to the space 68.
I claim: |

1. A burner for use in a high velocity air blast

comprising a nozzle for directing a spray of fuel
downstream in the blast, an apertured wall, said
wall forming an air diffuser extending down-

75

combustion of said portion.

2. A burner for use in-a h1gh velogity air blast
comprising a hollow hwb a’ nozzle mounted. in

‘said hub for direeting a spray  of fuel down-

stream in the air blast, an air diffuser extending
downstream from the hub and providing a com-

bustion space about the spray, a shield extend-

ing about said diffuser and producing a low pres-
sure ares at the downstream end of szid diffuser
for drawing air into said space, the upstream
end of said shield being open and spaced from
the diffuser to admit air thereto, and a deflector
carried by said hub for protecting the open end
of sald shield from direct action by the- high
velocily blast but spaced from the upstreanr end
of szid shield for permitting entrance of air at
& reduced velocity. |

. A burner for use in g high velocity air blast
compmsmg a nozzle for directing a conical spray
of fuel dowristream in said blast, a conical air
diffuser extending downstream from said nozzle
and flaring outwardly at a greater angle than
sald spray to provide a conical combustion space
about said spray, a conical shield having its
downstreain end fitting snugly about and secured
to the downstream end of said diffuser and its

“upstream end of larger diameter than the up-

stream end of said diffuser to provide an air
space therebeitween, and a conical deflector
located upsiream from said shield and flaring
outwardly beyond the upstream end of said

shield to protect said air space from the direct
action of said blast.

4. A burner for use in a high velomty air blast

comprising a hollow hub having its downstream
end open, a nozzle mounted in said hub for direct-
ing a conical spray of fuel through the open end
o1 said hub, a conical air diffuser mounted on the
open end of said hub and flaring outwardly at
a greater angle than said spray to provide a
conical combustion space about the spray, a
conical shield encircling said diffuser and pro-
viding an air space therehetween, and a conical
deflector mounted on said hub and flaring out-
wardly beyond the adjacent end of said shield
to protect said air space from the direct action of
sald air blast but providing communication be-
tween said air space and the air blast.

0. A burner for use in a high velocity air
blast comprising a hollow hub having its down-
stream end open, a nozzle mounted in said hub
for directing a conical spray of fuel through the
open end of said hub, said hub and said nozzle
being dimensioned to provide an air passage
communicating with said open end, and said hub
having a series of radial openings communicat-

- Ing with said air passage, a perforated conical air

diffuser extending downstream from sald hub
and flaring outwardly at g greater angle than-_
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said spray to provide a conical combustion space
about the spray, a conical shield encircling said
diffuser and providing an air space therebetween,
‘and a conical deflector mounted on said hub up-
stream from szid radial openings and ilaring
outwardly pevond the adjacent end of said shield
to protect said air space from the direct action ot
the air blast but admitting air at a reduced
velocity to said radial openings and said air
space.
6. A burner for use in g high velocity air blast,
comprising g nozzle for directing a conical spray
of fuel downstream in said blast, a hup sup-
porting said nozzle and having g portion radially
spaced from said nozzle with the front end
‘thereof tapered inwardly and provided with an
opening through which said spray emerges, said
‘portion being provided with a series of radial
~apertures for supplying air to the space within
said portion for discharge through said opening,
g perforated diffuser of conical form having its
smaller end secured to said hub about said
opening and extending downstream thereirom,
o conical shield flaring outwardly in a down-
stream direction and having its downstream end
secured to the downstream end of said diffuser
and its upstream end extending about the fta-
nered portion of said hub in spaced relation
thereto for admitting air to said diffuser, and
q conical deflector having its smaller end secured
to said hub upstream from said series of aper-
tures and flaring outwardly in a downstream
direction in radially spaced relation to the up-
.stream end of said shield.

7. A burner for use in a high velocity air blast,
comprising a hub having a tapered front end
provided with a central opening, a nozzle
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mounted within said hub for discharging a spray
of fuel through said opening, a perforated
diffuser having its upstream end secured to said
hub about said opening and flaring outwardly
therefrom in a downsftream direction, a shield
secured at its downstream end to the down-
stream end of said diffuser and tapering Iin-
wardly therefrom in an upstream direction but
at a different angle from said diffuser so that
its upstream end is spaced from the tapered end
of said hub, and a deflector secured to said hub
and tapering outward in g downstream direction
in radially spaced relation to the upstream end
of said shield.
IVER T. ROSENLUND.
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