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CHAMBERS 
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The M. W. Kellogg Company, New York, N.Y., 
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1. 
This application contains subject matter simi 

lar to that disclosed in Patent Number 2,531,810, 
issued November 28, 1950, with the same assignee. 
The invention described in the present applica 
tion relates to combustion units of the general 
character in which fuel in finely divided form 
is injected into a chamber and burned in the 
presence of air, and although it has a wide range 
of utility, it is particularly useful, as for exam 
ple, in connection with gus turbine plants. 
Combustion systems such as those employed in 

connection with gas turbines for aircraft, must 
meet certain severe requirements. For example, 
they must secure complete fuel combustion, with 
a minimum of combustion pressure loss, and they 
must be of minimum weight and size to permit 
compact layouts. Hence, the combustion System 
must release heat at rates far in excess of those 
normally encountered in conventional combustion 
systems. For that purpose, the combustion Sys 
tem must be designed to control the heat libera 
tion and the resulting temperatures in a manner 
that will permit said system to be constructed of 
readily available and easily workable materials, 
and to be operated with a minimum of destruct 
tive action on said materials. 
Such a combustion system is required to per 

form dependably under all turbine load condi 
tions and under all atmospheric conditions en 
countered in flight. The demands in 
are especially broad. 
Another essential consideration in connection 

with a combustion system of the general type re 
ferred to, is the ease and facility with which 
the System ignites and loads up in starting, and 
the stability of the flame, especially at low fuel 
deliveries. w 

Among the objects of the present invention are 

this respect 
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to provide a new and improved combustion unit, 
of the general character referred to, which per 
mits the attainment of high combustion rates 
with comparatively low pressure drops, and which 
effectively meets the requirements of efficiency, 
complete combustion and proper temperature dis 
tribution, and the usual aircraft volume and 
weight limitations. 
Other objects of the present invention are to 

provide a new and improved combustion unit 
which starts easily, positively and consistently, 
without difficult manipulations, which affords 
flame stability over a wide range of operation and 
at all speeds, altitudes and throttle positions, and 
which is suspectible to easy and close regulation. 
In accordance with certain features of the 

present invention, a rich fuel-air mixture is cre 
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2 
ated in the forward end of a furnace chamber 
and ignited, and the resulting burning mixture is 
projected toward the discharge end of said cham 
ber. The furnace chamber is enclosed in an - 
outer housing wall forming an annular air flow 
passage with the inner chamber walls. The air 
stream as it flows through the annular passage, 
has portions thereof diverted into spaced regions 
of the furnace chamber to create in said chamber 
flame propagating fuel-air mixtures. At the same 
time, the air passing through the annular air flow 
passage cools the outer housing wall and also the 
chamber wall. 
To prevent the flame from being localized axi 

ally of the furnace chamber, and to assure the 
efficient creation and rapid distribution of the in 
flammable mixtures throughout the entire cross 
section of the portion of said chamber in which 
combustion takes place, the air is projected into 
successive spaced regions therealong in such a 
manner that the air in one region is admitted 
through one or more air inlets angularly dis 
placed from or staggered with respect to the air 
inlets of adjoining regions. 
As a further feature of the present invention, 

the air streams are directed into the furnace 
chamber in a direction obliquely countercurrent 
to the direction of flow of the burning mixture in 
Said chamber, and towards the active flame re 
gion, to afford a high degree of air turbulence in 
the axial region of the chamber, and thereby to 
achieve the desired high liberation of energy 
within a small combustion volume. 
As another feature, the air inlets are arranged . 

and distributed to attain effective air turbulence . 
and diffusion around the axial Zone of the cham 
ber, without extinguishing the flame even at low 
fuel rates. 
As a further feature, the furnace chamber wall 

and the outer housing wall defining the annular 
air flow passage are substantially free from ob 
structions tending to cause turbulence and the 
air inlets are designed to divert air from the an 
nular air flow passage into the inner furnace 
chamber with a minimum of turbulence in said 
passage, whereby the impact or velocity head of 
the air as it flows through said passage is con 
Served as fully as possible, and the air pressure 
loss in the combustion unit is reduced to a mini 

As another feature, the air inlets are designed 
to prevennt seepage of liquid fuel therethrough, 
or accumulation of this fuel thereabout, thereby 
preventing combustion in the annular air flow 
passage, which combustion usually causes dan 
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gerous overheating of the walls defining said pas 
sage and undesirable changes in the operating 
conditions. 
Warious other objects, features and advan 

tages of the invention will be apparent from the 
following particular description, and from an in 
spection of the accompanying drawings, in which: 

Fig. 1 is a longitudinal axial section of one form 
of combustion unit embodying the present inven 
tion; 

Figs. 2, 3, 4 and 5 are different Sections or views 
of the combustion unit of Fig. 1, taken on lines 
2-2, 3-3, 4-4 and 5-5 respectively of Fig. 1; 

Fig. 6 is a plan view of the development or 
blank of the conical downstream section of the 
inner shell; and 

Fig. 7 is a plan view of the development or 
blank of the conical upstream section of the in 
nershell. 

Referring to the drawings, the combustion unit 
of the present invention is shown of the type 
which is particularly adaptable for use in con 
nection with gas turbine plants. However, it 
must be understood that as far as certain aspects 
of the invention are concerned, the unit of the 
present invention may be adapted for other con 
bustion uses or for other air heating installa 
tions where a high energy release rate and low 
pressure loss are required. 
The combustion unit of the present invention 

shown in the embodiment of Figs. 1-7, comprises 
in general, an outer housing wall fo, which in 
cludes an air duct portion , and an inner 
furnace wall 2 defining therein a combustion 
chamber formed of zones 3 and 4. . The inner 
furnace wall 2 forms with the Outer housing 
wall fo an annular flow passage 5 for the air. 
The inner furnace wall 2 and the outer housing 
wall 0 are sectionalized, and mainly of thin, 
rolled metal shell construction, although part are 
of heavier forged or cast metal shell construc 
tion, as will be made apparent. 

Air duct portion is provided at its inliet end 
with a flange f8 for bolting connection to the 

outlet 9 of an air compressor. Air duct por 
tion is of the type especially useful in Con 
nection with modern air compressors which dis 
charge compressed air with relatively large 
velocity head, and has its cross-section increas 
ing progressively in area in the direction of flow 
in the form of a streamlined diffuser to recover 
a large part of the velocity head and convert it 
into pressure head suitable for the conditions 
existing in the different combustion zones 3 and 
4, while at the same time maintaining the neces 
sary velocity to afford high rate of combustion 
in Said ZoneS. 
The shape of the air duct portion f is shown 

of a specific design Suitable for application to 
a gas turbine layout proposed in connection, for 
example, with an aircraft installation. In such 
a power plant, all of the principal elements of 
the plant, as for example, the compressor, the 
combustion unit and the gas turbine, would be 
arranged in line. In the particular layout shown 
in the drawings, the compressor would be dis 
posed near the front of the combustion unit with 
its end connected to the air duct inlet , while 
the gas turbine would be disposed at the exhaust 
end of the combustion unit. There usually is 
a number of these combustion units circularly 
arranged around the axis of the turbine wheel. 
The outer shell 0 is made of three sections 

23, 24, and 25 of generally circular cross-section 
connected coaxially end to end. The inlet shell 
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4. 
section 23, usually cast or forged, is of conical or 
flaring shape, and is preferably integral with the 
air duct portion f. The duct is shown elon 
gated in a circumferential direction at its inlet 
end, to follow the curvature of the compressor 
outlet 9, as shown in Fig. 2, and changes gradual 
ly from this elongated shape, to merge with the 
generally circular CrOSS-Section of section 23. 
The intermediate shell section 24 is generally 

cylindrical and is made of thin sheet metal; the 
joint or joints are preferably welded. The inter 
mediate shell section 24 has an expansion joint 
26 permitting endwise movement of the joined 
shell parts, and is removably connected to the 
inlet shell Section 23 as by a coupling 27 of usual 
construction. 
The discharge shell section 25 desirably of sheet 

metal construction, is of progressively reduced 
diameter downstream, and terminates in a neck 
32. The section 25 is removably connected to the 
intermediate shell section 24 by a separable joint 
33 also of usual construction, and it is removably 
connected to a conduit 34 by a studded flange 
connection 35. Conduit 34 may be any unit of 
the System or plant, and may, for example, be 
the conduit member leading to the gas turbine 
of the aircraft. 
The inner shell 2 has at its inlet end a stream 

lined head 40 flared to follow substantially the 
flaring curvature of the air duct portion , and 
shaped to extend from an elongated arcuate edge 
A at one end to a circular cross-section at its 
downstream end 42. Clamped between the end 
42 of head 40 and the upstream end 43 of the 
inner shell 2 is a fuel spray nozzle device 45 
connected to a fuel inlet line 46. Nozzle device 
45 is shown of the mechanical type adapted to 
project liquid fuel in the form of a conical spray 
under pressure into the combustion zone 3, and 
to atomize said fuel in Said Zone. 
The inner shell 2 is centrally supported rela 

tive to outer housing wall 0 by means of spacers 
53, shown in the form of radial lugs, welded or 
Otherwise united to the sections of the inner 
shell f2 and engaging outer housing wall O. At 
the outlet end, the inner shell 2 is of progressive 
ly reduced diameter downstream, and terminates 
in a throat 47 Snugly embraced by the neck 32 
of the outer shell f, so that said inner shell 2 
is firmly supported at this outlet end. The inner 
shell 2 aside from the head 40, is generally 
circular in cross-section, and is made of three 
Sections 50, 5 and 52 coaxially mounted. The 
first or upstream section 50 is cone shaped, and 
has its upstream end connected to the head 40 
through the Spray nozzle device 45. The shell 
Section 5 is slightly conical. The upstream end 
55 of shell section 5 is larger in diameter than 
the corresponding downstream end 56 of the 
upstream inner shell section 50, to form an ex 
pansion joint between the two inner shell sec 
tions 50 and 5. The inner shell section 52 is 
of progressively reduced diameter downstream, 
and terminates in the throat 47, as previously 
described. The sections of inner shell 2 may 
Conveniently be formed of sheet metal, or thin 
plate by rolling or similar forming operations into 
the curved streamlined form shown and the longi 
tudinal seams closed by welding. 

For admitting air from the annular passage 5 
into the Zone f3, and into the zone 4, the inner 
shell f2 is provided with a series of successive 
stages of louvred air inlets 60, 60a, 60b, 60c, 60d, 
60e, 60f, 60g, 60h, and 60i. In the embodiment 
of the invention now described ten of these 
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stages are employed. The number of air inlet 
stages employed in each case will depend on the 
conditions. However it can be stated that within 
limits better results are usually obtained with a 
larger number of stages than with a smaller num 
ber of stages. 
Each of the primary air inlets 60 of the first stage comprises a tongue 62 usually integral with 

and cut out from the shell wall 50. The tongue 
62 has a sectic. cut off its free end to define an 
opening 63 in the flat blank from which the shell 
section 50 is formed, as shown in Fig. 7, and is 
bent inwardly after the blank is rolled to define 
the port 64. Thus the tongue 62 serves as a 
guide to lead the air towards the interior of the 
inner shell. Inside the inner shell 50 and along 
the circumferential downstream edge of the port 
64 is a curved deflector vane 65, welded to Said 
edge. Vane 65 is substantially the same length 
as the circumferential width of the port 64, and 
constitutes a segment of a tube curved to follow 
the peripheral curvature of the shell section 50. 
The vane 65 has its ends sloped radially as shown 
in Fig. 5, and is transversely curved to direct the 
air admitted through the corresponding port 64 
in a reverse upstream direction towards the Zone 
of fuel injection, and obliquely of the axis of 
the injected fuel zone, thus promoting excep 
tional turbulence in the primary combustion region. 
Each of the primary air inlets 60 has on each 

side a substantially ovate shroud-plate 67, with 
its apex end substantially sharp, and with its 
broader end conforming substantially with the 
transverse curvature of the vane 65, to cover one 
end of said vane. Shroud-plate 67 has one of its 
tapering sides extending along the Side edge of 
the port 64, and its other tapering side extending 
into the interior of the shell section 50 beyond 
the tongue 62, and is rigidly secured to the end of 
the vane 65, to the side of said tongue, and to the 
inner surface of said shell section by Welding 
along contacting or abutting edges. The two 
shroud-plates 67 at each primary air inlet 60 
will slope radially and flank the corresponding 
tongue 62 and vane 65 as shown in Figs. 4 and 5, 
and will serve to prevent Spillage of air along 
the ends of said vane. The air is thereby chan 
nelled into the interior of the combustion cham 
ber in Well-defined streams having predeter 
mined flow characteristics. 
The shroud-plates 6T also prevent the flow of 

liquid fuel along the inside walls of the shell 2 
and out through the air ports 64 into the annular 
space 5, where burning fuel would defeat the 
cooling function of the annular arrangement, 
would upset the operating conditions for which 
the unit is designed and thereby reduce its 
efficiency and would create a fire hazard. To 
prevent the accumulation of the liquid fuel in 
the pocket defined by the curved Vane 65, Said 
wane has an aperture 68 through which liquid 
fuel can readily escape. The incoming air paSS 
ing through the port 64 and directed against the 
wane 65 helps to blow any liquid fuel deposited in 
said vane through the aperture 68. 
The air guiding structures of the other stages 

of air inlets 60a, 60b, 6 Oc, 60d, 60e, 60f, 60g, 60h. 
and 60i, are similar to those described in connec 
tion with the first stage of air inlets 60, except 
that the dimensions are different, and in the 
later stages, the side shroud-plates may be absent, 
and the curved vanes may not be apertured for 
the escape of liquid fuel. The different stages 
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the decrease in volume and pressure of the air in 
the annular passage 5 progressively downstream, 
to effect the proper distribution of the air in the 
flame region, and to cause the injected air to fol 
low a desirable predetermined pattern of turbu 
lence and diffusion. As the air inlets extend 
downstream, the tongue guides thereof are pref 
erably progressively bent inwardly of the inner 
shell 2 to an increasing extent, to progressively 
increase the effective area of the air inlet. 
In the section of the combustion chamber 

where the later stages of air inlets are located, 
the fuel is usually all in such condition and the 
flame so spread out that the shroud-plates and 
the apertures in the curved vanes are not neces 
sary. If conditions require it, however, these 
features can be applied to all the stages of air 
inlets. 
A comparatively large number of small air inlets 

are preferably employed instead of a small num 
ber of larger air inlets, as thereby better results 
and more stable operation are obtained. Highly 
localized and concentrated air streams have a 
tendency to extinguish the flame, especially at 
low fuel deliveries. By providing a large num 
ber of small inlets, the flame-quenching tendency 
is reduced to the point where stability of the flame 
is maintained within a wide operating range. 
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For this purpose, and by way of example, the 
combustion chamber described contains thirty 
separate air inlets of three different sizes, dis 
posed in ten spaced transverse regions of said 
chamber. Each of these transverse regions or 
stages contains three air inlets spaced 120° apart. 
The air inlets of one stage are circumferentially 
staggered with respect to the air inlets of adjoin 
ing stages, and in the initial stages, the air inlet 
of one stage is displaced 60° with respect to the 
air inlets of adjoining stages. In the later stages, 
the angular relationship of the air inlets be 
tween successive stages may be different, and may 
be relatively displaced 30° apart as shown in Fig. 
6 according to the pattern of air distribution 
desired. 

Fig.6 shows the development of a blank 5 a de 
signed to form the inner shell section 5, and cut 
out to provide the seven stages of air inlets 6 Oc, 
60d, 60e, 60f, 60g, 60th and 60i. Blank 5a is 
slitted and cut, as in the case of blank 500, and 
may be rolled and completed as described in 
connection with the blank 50a to provide these 
Seven stages of air inlets. 

Fig. 7 shows the development of a blank 50a 
designed to form the shell section 50, and cut out 
to provide the three banks or stages of air inlets 
60, 60a and 60b. To that end, the blank 50a has 
a plurality of pairs of radial slits 75. The slits 
T5 of each pair define therebetween a tongue 62a. 
from which the deflector 62 is formed. This 
tongue 62a is shortened by cutting off its outer 
end to form the opening 63 in the blank. The 
blank 50a cut and slitted as shown and described, 
is rolled in conical shape and welded along its 
longitudinal seam. The tongue 62a may then be 
bent inwardly to define the air guides and the 
vanes and shroud plates welded in position to 
complete the air inlets 60, 60a, and 60b. 
For initiating the filame, there is fitted into the 

peripheral wall of the outer. housing wall to a 
spark plug 80 extending through an opening 8 
in the shell section 50. Spark plug 80 is desirably 
operated only sufficiently long to properly initiate 
ignition. Thereafter, primary combustion will 
continue without the aid of the spark plug. 

of air inlets are correctly sized to compensate for 75 However, if desired, the operation of the spark 
g 
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plug 80 can be continued during the operation of 
the combustion unit. 
Due largely to the correct disposition of air in 

jection ports and the resulting distributed tur 
bulence, as well as to the proper location of the 
ignitor spark plug 80, ignition is achieved and 
the flame is established immediately upon the 
supply of fuel, regardless of the established air 
flow rate or prevailing combustion System pres 
Se. 
As the air in the annular space 5 flows around 

the casing of the spark plug 80, a low pressure 
region is created on the downstream side of Said 
casing, thus tending to cause the liquid fuel in 
the inner shell to seep through the opening 8 
into said space. To avoid this condition, there is 
provided a saddle 83 for the spark plug 80 se 
cured to the outside of the shell section 50 by 
welding, and opened only at its upstream end. 
The air flowing into the chamber 84 defined 
around the spark plug 80 by the saddle 83 main 
tains said chamber under full air pressure, and 
thereby prevents seepage of the liquid fuel 
through the opening 8. The Spark plug 80 may 
be of a usual type having a casing which defines 
an air passage for cooling the porcelain insula 
tor, and which is provided on its upstream side 
and in the saddle chamber 84 with a hole 85 con 
stituting the inlet of said air passage. - 

In the operation of the combustion unit, as the 
air fiows through the annular space S from the 
compressor, part of the air is diverted through 
the first stage of inlets 60, and is reversely de 
flected obliquely back into the combustion Zone 
3 towards the point of fuel injection. 
portions of the air further downstream in the 
annular space 5 are diverted through the sec 
ond stage of air inlets 60a, and are reversely de 
flected obliquely back into the combustion Zone 
3 towards the point of fuel injection. The air 
streams projected into the combustion Zone 3 
through the two close sets of air inlets 60 and 6ca, 
assume somewhat the form of a vortex ring 
around the injected fuel cone. Sufficient amount 
of the fuel from this cone is drawn and diffused 
towards the annular axis of the air vortex ring, 
to form at said axis an inflammable mixture. 
This mixture created around the fuel Cone forms 
a pilot flame by which ignition is continuously 
maintained, even though the operation of the 
spark plug 80 should be discontinued. 
The ignited stream, rich in fuel, is projected 

from the combustion zone 3 towards the Com 
bustion zone 4, where it impinges and is 
thoroughly, rapidly and intimately intermixed : 
with the progressively injected air streams from 
the air inlets 60b and from all the other air in 
lets further downstream, to form therewith flame 
propagating mixtures. The air inlets 60b, 60c, 
60d, 60e, 60f, 60g, 60th and 60i, as well as the air 
inlets 60 and 60a, are designed to direct the air 
into the combustion chamber in a direction 
obliquely countercurrent to the general direction 
of flow in said chamber, and into the active 
flame region of said Zone. 
As a result of the staggered arrangement of 

the air inlets lengthwise and circumferentially of 
the shell 2 as described, the combustion is not 
confined to the center of the chamber but is 
effectively distributed throughout the cross-sec 
tion thereof. As the flame is extended or propa 
gated axially along the combustion chamber, it 
is spread, fanned out, or distributed outwardly 
in different substantially radial directions by the 
admission of air at one transverse inlet region 
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or stage of the chamber, and then spread or 
distributed outwardly in substantially radial di 
rections in staggered relationship with respect 
to the first-mentioned directions by the admis 
sion of air at the next succeeding transverse in 
let region or stage. This promotes turbulence in 
the Zones of the chamber where it is most de 
sirable and most effective, and thereby causes 
complete, thorough mixing of the fresh air with 
the fuel elements of the burning mixture in a 
comparatively small space, creates a short in 
tense flame in the interior of the chamber, and 
assures complete combustion even at maximum 
loads before the gas stream reaches the outlet 
end of the unit. The converging character of 
the inner shell 2 at its outlet or exhaust section 
52 serves to impart to the exit gases the neces 
sary velocity, according to the use to which these 
gases are to be put. 
Not all of the air which flows through the an 

nular flow chamber 5 is diverted in the interior 
of the combustion chamber. Some of it is al 
lowed to pass completely along the annular flow 
passage 5, and is discharged into the combus 
tion chamber outlet through holes 90 near the 
throat 47 of inner shell section 52 to aid in the 
control of the outlet temperature. 
The circular cross-section of the shell 2 as 

sures a uniform distribution of air entering into 
the conbustion chamber at any transverse region 
thereof; this promotes a more uniform flow of 
air into the chamber, and thus contributes to 
flame uniformity and stability. 
The general conical shape of the shell Sections 

50 and 5 serves to present a surface to the air 
fiowing through passageway 5 which is at an 
angle to the direction of the flow of Said air. As 
a consequence, a portion of the kinetic energy 
or impact head of the entering air is employed to 
force the air to enter the air inlets, thus decreas 
ing the air stream total pressure loss in the com 
bustion unit. The conical angle of the shell Sec 
tions 50 and 5 is so selected as to provide a 
minimum clearance 9 between the two shells 
and 2 at the extreme downstream end of the 
active combustion part of the unit. The radial 
depth of this minimum clearance 9 controls the 
amount of air which by-passes the combustion 
chamber. 
The angle of the cones of the shell Sections 50 

and 5 as well as the depth of the depressions of 
the air inlets as determined by the angle of in 
clination of the guide or tongue plates therein, 
determine the air flow characteristics in the 
regions of said air inlets, and consequently serve 
to control the quantity and velocity of air enter 
ing each air inlet. 
The outer shell it, which acts as a container 

for the assembly, and is therefore the stressed 
member, is cooled by the entering air as described. 
The inner shell 2 containing the flame, is also 
cooled and is under little or no stress. As a re 
sult, the entire assembly can be fabricated from 
thin sheets of heat-resistant material. 
Since the air is injected into the interior of the 

combustion chamber through depressions in the 
conical surfaces of the shell sections 50 and 5 
and said surfaces are straight and free of ob 
structions, a minimum of turbulence is created in 
the annular air stream in the space 5 adjacent 
to each air port. The preservation of the Sense 
of direction of flow of the air in the Space 5 re 
sulting from this condition conserves to a maxi 
mum the impact head of Said air, and consequent 
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ly minimizes the air pressure loss in the combus- - 
tion unit. . . . . . 

. . . . The combustion unit of the present invention 
can be made to effectively afford Outlet tempera 
...tures ranging from about 200 F. to as high as 
3000°F. The embodiment shown is best adapted 
to provide outlet temperatures ranging from 
300 F. to a maximum of 1800 F. 
Operating test data indicate that the Com 

"bustion unit of the type shown in Figs. 1-7, which O 
is particularly adapted for installation in an air 
craft engine, performs most Satisfactorily Over 
the entire range of performance conditions dic 
tated by the most extensive engine requirements. 
This performance range comprises a maximum 
heat release rate of over fifty times the minimum 
heat release rate, a maximum combustion cham 
ber, pressure better than twenty-five times the 
minimum combustion chamber pressure, and a 
maximum, air flow, rate better than fifteen times 
the minimum air flow rate. Smooth, stable, 
steady, depindable, soot-free performance was 
observed under all conditions, with a thermal effl 
ciency measured close to 98% at every operating 
point. " . 

As many changes can be made in the above ap 
paratus, and many apparently widely different 
embodiments of this invention can be made with 
out departing from the scope of the claims, it is 
intended that all matter contained in the above 
description or shown in the accompanying draw 
ings shall be interpreted as illustrative and not 
in a limiting Sense: 
What is claimed is: 
1. A combustion unit comprising a combustion 

chamber, the peripheral wall of which is pro 
vided with openings spaced therealong and cir 
cumferentially thereof, means for creating an 
inflammable, fuel-rich, fuel-air mixture, ignit 
ing said mixture and discharging the resulting 
ignited mixture rich in fuel elements into said 
chamber, a housing around said combustion 
chamber and defining therewith an annular air 
flow passage, said openings, conducting a major 
portion of the air from Said passage into said 
chamber for combustion therein, a curved vane 
entirely inside said chamber on the downstream 
end of each opening for deflecting the air admitted 
through said opening in the form of a jet gen 
erally countercurrent to the flow of said ignited 
mixture in said chamber to create thorough mix 
ing in said chamber of Said air and the ignited 
mixture, to assure substantially complete com 
bustion therein, and a guide plate extending in a 
general downstream direction from the upstream 
end of each opening and inclined inwardly from 
Said end with respect to said peripheral chamber 
wall for directing the air admitted into said 
Opening towards Said vane. 

2. A combustion unit comprising an elongated 
combustion chamber, a housing enclosing. Said 
chamber and defining therewith an annular pas 
Sage for conducting an air stream, the periph 
eral wall of said chamber being provided with 
openings spaced therealong, and circumferen 
tially thereof for the admission of a major por 
ticn of said air stream for combustion, means for 
creating an inflammable, fuel-rich, fuel-air mix 
ture, igniting Said mixture and discharging the 
resulting ignited mixture rich in fuel elements 
into said chamber for progressive combustion, 
a curved Vane entirely inside. Said chamber on 
the downstream end of each opening for deflect 
ing the air admitted through said opening in the 
form of a jet generally countercurrent to the flow 
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of said ignited mixture in said chamber to create 
thorough mixing in said chamber of Said air and 
the ignited mixture to assure substantially com 
plete combustion therein, and a guide plate for 
said vane cut out from said peripheral chamber 
wall and integral therewith along the upstream 
end of each opening, said guide plate extending 
in a general downstream direction from said up 
stream end and inclined inwardly from said end 
with respect to said peripheral chamber wall for 
directing the air admitted into said opening 
towards said vane. 

3. A combustion unit comprising an elongated 
Combustion chamber, the peripheral wall of which 
is provided with openings spaced therealong and 
circumferentially therearound, means for cre 
ating an inflammable, fuel-rich, fuel-air mixture, 
igniting said mixture and discharging the re 
Sulting ignited mixture rich in fuel elements into 
Said chamber, a housing surrounding said com 
bustion chamber and defining therewith an an 
nular passage for conducting an air stream in 
the direction of the flow of said ignited mixture, 
Said openings directing the major portion of said 
air stream into said chamber for combustion pro 
gressively, a curved vane entirely inside said 
chamber on the downstream end of each open 
ing for deflecting the air admitted through said 
Opening in the form of a jet generally counter 
current to the flow of said ignited mixture in 
Said chamber to create thorough mixing in said 
chamber of Said air and the ignited mixture to 
assure substantially complete combustion therein, 
and a pair of shroud-plates in said chamber on 
Opposite sides of each vane. 

4. A Combustion unit comprising a combustion 
chamber, a housing surrounding said chamber 
and defining an annular passage for an air 
stream the peripheral wall of said chamber be 
ing provided with openings spaced therealong and 
circumferentially thereof for the admission of 
a major portion of said air stream for combus 
tion, means for creating an inflammable, fuel 
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rich, fuel-air mixture, igniting said mixture and 
discharging the resulting ignited mixture rich 
in fuel elements into said chamber, for pro 
gressive combustion, a curved vane entirely in 
Side said chamber on the downstream end of each 
opening for deflecting the air admitted through 
Said Opening in the form of a jet generally coun 
tercurrent to the flow of said ignited mixture in 
Said chamber to create thorough mixing in said 
chamber of said air and the ignited mixture to 
assure substantially complete combustion therein, 
a guide plate extending in a general downstream 
direction from the upstream end of each open 
ing and inclined inwardly from said end with re 
Spect to said peripheral chamber wall for di 
recting the air admitted into said opening towards 
Said vane, and a pair of shroudplates in said 
chamber on opposite sides of each vane and each corresponding guide plate. 

5. A combustion unit comprising an elongated 
combustion chamber having a peripheral wall sec 
tion rolled from a flat shell blank and slitted to 
define a series of tongues integral with said Wall 
Section along the upstream end of said tongues, 
means for Creating an inflammable, fuel-rich, 
fuel-air mixture, igniting said mixture and dis 
charging the resulting ignited mixture rich in fuel 
elements into said chamber for progressive com 
bustion, said tongues being bent inwardly at their 
upstream ends at an acute angle with said wall 
Section to define openings in said wall section 
for the admission of combustion air and to adapt 
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said tongues as guides for the airflowing through 
said openings, vanes entirely in said chamber 
opposite the downstream ends of said tongues re 
spectively for deflecting the air passing through 
said openings obliquely countercurrent to the 
flow. of said ignited mixture in said chamber, and 
a housing wall encircling said combustion cham 
ber and defining an annular air flow passage with 
which said openings are in communication, said 
openings conducting a major portion of the air 
flow from said passage into said chamber for 
combustion in the form of jets, to bring about a 
thorough mixing of the added air and burning 
fuel-air mixture and to assure substantially com 
plete combustion therein. 

6. A combustion unit comprising an elongated 
combustion chamber, the peripheral wall of which 
is provided with openings spaced therealong and 
circumferentially thereabout, means for creat 
ing an inflammable, fuel-rich, fuel-air mixture, 
igniting said mixture and discharging the result 
ing ignited mixture rich in fuel elements into 
said chamber, a housing surrounding said com 
bustion chamber and defining therewith an an 
nular passage for conducting an air stream in 
the direction of flow of said ignited mixture, said 
openings directing a major portion of said air 
stream into said chamber in the form of jets to 
bring about a thorough mixing of the added 
air and burning fuel-air mixture and to assure 
substantially complete combustion therein, a 
curved vane entirely inside said chamber on the 
downstream end of each Opening for deflecting 
the air admitted through said opening generally 
countercurrent to the flow of Said ignited mix 
ture in said chamber, said vane having an aper 
ture to permit escape of liquid fuel from said 
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ber for progressive combustion therein, a vane 
associated with each of said air inlets interiorly 
of said chamber for directing combustion air from 
Said annular air flow passage in the form of jets 
generally counter current to the flow of ignited 
materials in said chamber. 

9. A combustion unit having an air intake end 
and an exhaust end comprising a combustion 
chamber having a peripheral wall section flar 
ing in a direction from said air intake end toward 
Said exhaust end and presenting a substantially 
Smooth outer surface, an outer housing for said 
chamber one end of said housing defining an air 
intake, said housing being concentrically spaced 
from said chamber to form therewith an an 
nular air flow passage, the end of said chamber 
adjacent said air intake being closed, unitary 
means adjacent said closed end for introducing 
all of the fuel burned by said unit into said cham 
ber for progressive combustion therein, a plural 
ity of circumferentially and longitudinally 
Spaced air inlets formed in the flaring wall sec 
tion of said chamber for the successive admis 
Sion of a major portion of the air flow from said 
air flow passage into said chamber for progressive 
combustion therein, a vane associated with each 
of said air inlets interiorly of said chamber, each 
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vane into said chamber, and guide means for di 
recting the air admitted through each of said 
openings towards the corresponding Vane, 

7. In a combustion unit, a combustion chamber 
having a peripheral wall with openings spaced 
therealong and circumferentially therearound 
for directing combustion air into said chamber, 
means for injecting fuel into one end of said 
chamber, a housing around said chamber and de 
fining with said peripheral chamber wall an an 
nular air flow passage, a fuel igniting unit pass 
ing through said passage and through an open 
ing in said chamber wall and projecting into said 
chamber in position to ignite the fuel injected 
into said chamber, and a saddle around said unit 
in said passage and mounted against said periph 
eral chamber wall, said Saddle being opened to . 
said passage on the upstream side to maintain 
the region around said unit adjoining said cham 
ber wall under sufficient pressure to resist seep 
age of fuel oil through the opening of Said cham 
ber wall through which said unit extends. 

8. A combustion unit having an air intake end 
and an exhaust end comprising a combustion 
chamber having a substantially Smooth outer 
surface, an outer housing for said chamber con 
centrically spaced therefrom, one end of said 
housing defining an air intake, said chamber flar 
ing towards said housing in a direction away 
from said air intake whereby Said chamber and 
said housing cooperate to form an annular air 
flow passage having a progressively Smaller area 
from said air intake end toward said exhaust end, 
a plurality of circumferentially and longitudi 
nally spaced air inlets formed in the flaring wall 
section of Said combustion chamber for the Suc 
cessive admission of a major portion of the air 
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of Said vanes being capable of directing combus 
tion air from said annular air flow passage in 
the form of jets in a direction generally coun 
ter current to the normal flow of fuel in said 
chamber to bring about a thorough mixture of 
Said combustion air and said fuel and to assure 
Substantially complete combustion therein. 

10. A combustion unit having an air intake end 
and an exhaust end comprising a combustion 
chamber having a peripheral wall section flaring 
for a predetermined distance and constricting 
for a predetermined distance following said flar 
ing portion to form an exhaust opening, said 
chamber presenting a substantially smooth outer 
Surface, an Outer housing for said chamber, said 
housing being concentrically spaced from said 
chamber to form therewith an annular air flow 
passage, said housing being so formed that it ap 
proaches said chamber as it extends from said air 
intake end toward Said exhaust end, a plurality of 
circumferentially and longitudinally spaced 
vaned air inlets formed in the flaring wall sec 
tion of said chamber for the successive admission 
of a major portion of the air flow from said air 
flow passage into said chamber for progressive 
combustion therein, said vanes being located in 
teriorly of said chamber and being adapted to 
direct the flow of air entering said air inlet in 
the form of jets in a direction in said chamber 
which is substantially opposite to the direction 
of flow of air in said annular air flow passage. 

11. In a combustion unit having a combustion 
chamber with a substantially Smooth outer sur 
face, an outer housing for said chamber concen 
trically spaced therefrom and forming with said 
chamber an annular air flow passage around said 
chamber, the combination with said chamber of 
a plurality of air inlets formed in the peripheral 
wall of said chamber and extending inwardly 
of said chamber whereby air is permitted to flow 
unimpeded around said combustion chamber, 
each of said air inlets comprising a tongue ex 
tending inwardly of said chamber from the pe 
ripheral wall thereof in a downtream direction 
for the Successive admission of a major portion 
of the air flow from said air flow passage into 
said chamber for progressive combustion therein, 

flow from said air flow passage into said cham- 75 a vane associated with the downstream end of 
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said air inlet, and located entirely within said 
chamber, and a pair of shroud plates joining the 
ends of said vane and the sides of said tongue, 
said shroud plates and said tongue serving to 
guide combustion air from said annular air flow 
passage to said vane, said vane being adapted to 
change the direction of the combustion air thus 
directed against it to a direction generally 
counter current to the direction of air in Said an 
nuiar air flow passage. 

12. A combustion unit comprising a combus 
tion chartber having a conical periphera wall 
Section faring downstream, an Outer housing for 
Said chamber defining with said chamber an an 
2 lar air flow passage extending herealong, 
Eiseas for creating an inflammable, fuel-rich, 
fu28-3i' mixture, igniting said mixture and dis 
charging the resulting ignited mixture, and a, 
series of waged openings in Said conical chamber 
Sectio: a Spaced aiong and circumferentialiy 
£302d said chamber waii section and communi 
cging with said lovy passage for the successive 
3.si. Rission of a Yajor portion of the air flow from 
Said air iOvy 22.SS2ge is to said charner for pro 
gressive coiniustion hereisa, he wanes associated 
57th said openings ceirag iocated entireiy within 
S&lt; ca. Aloe and so positioned with respect, to 
Said openings that they defect, combustion air 
easieri g said chaznaer trough said openings in 
ife forY of jets in a direction generaliy counter 
(CLR'E'ent to the flow of said ignited mixture in said 
(Ra3.22.83 to create iOSogn anizing of Sidi core 
kogsiosa air and said fuel elements and to assie 
Stsiaratially complete combustion aerein, the 
gestigii eral Wall of Said housing SoShi gi? 
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chamber wall section being generally cylindrical 
to cause the air in said passage to flow in a gen 
eral direction tending to approach said chamber 
wall section, whereby a portion of the kinetic en 
ergy of the air in said passage is employed to 
force said air into said openings, the outer sur 
face of said conical chamber wall section 
Oresenting a continuous conical surface sub 
stantially free from obstructions in the regions 
of Said openings in said annular passage so that 
air can pass through said passage with minimum 
loss of kinetic energy. 
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