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1. 
... This invention relates to combustion chambers 
especially adapted for gas turbine power plants. 
The Copending application of Highberg, Serial 

No. 150,973 filed March 21, 1950, discloses a type 
of combustion chamber in which the normally 
Small length-to-width ratio is increased to a 
more efficient ratio by providing a plurality of 
parallelly positioned combustion Spaces arranged 
in Side-by-side relation in the combustion cham 
ber such that each space has a relatively iarge 
length-to-Width ratio. The parallelly arranged 
combustion spaces provide for a flow of primary 
and secondary air adjacent to the walls of the 
combustion chamber externally of the spaces and 
also between the spaces susbtantially centrally of 
the gas passage. A feature of the present inven 
tion is an arrangement for dividing the air flow 
between the Outer passages adjacent the Walls 
of the duct and the centrally located air pas 
sage. In this way the airflow is divided upstream 
of the combustion spaces in such a manner as to 
assure best combustion within the Spaces. 
The fuel and air are preferably mixed and 

burned before the mixture reaches the turbine 
thereby preventing excess temperatures from Oc 
curring within the turbine. A feature of the in 
vention is an arrangement for causing the fuel 
and air to mix at a point close to the upstream 
end of the combustion space in Order that 
combustion will be completed within the limits 
of the space. Another feature is an arrangement 3 
which will tend to produce a reverse flow of the 
primary air adjacent the upstream end of the 
combustion space thereby more effectively mixing 
the fuel and air and improving the combustion 
characteristics. 
One feature of the invention is the provision, 

in a multiple fuel nozzle burner of individual cups 
in which the nozzles are positioned to assist in the 
mixing of air and fuel, the cups facing in a down 
stream direction. Another feature is the associa 
tion with the cups of swirl vanes surrounding the 
nozzle which cause the air flowing through the 
vanes to swirl within the cup and thereby to fol 
low the inside surface of the cup for additionally 
improving the combustion characteristics partic 
ularly in connection with the reverse flow of air above referred to. 
One feature is the arrangement of the inlet air 

openings in the shields which define combustion 
spaces for suitably mixing the air with the fuel 
in the proper portions for best combustion and 
subsequently mixing the products of combustion 
with the secondary air flowing through the com 
bustion chamber around and centrally of the 
'combustion spaces. . . . - 
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Other objects and advantages will be apparent 

from the Specification and claims, and from the 
accompanying drawings which illustrate an em 
bodiment of the invention. 

Fig. 1 is a longitudinal Sectional view through 
a part of a gas turbine power plant showing the 
combustion chamber. 

Fig. 2 is an enlarged view of a portion of the 
combustion chamber on Substantially the Same plane. 

Fig. 3 is a transverse sectional view through the 
combustion chamber substantially along the line 3-3 of Fig. 1. 

Fig. 4 is a greatly enlarged perspective view 
of the inlet end of a part of a combustion cham ber. 

Fig. 5 is a fragmentary sectional view on line 
5-5 of Fig. 3. 
The invention is shown in connection with a 

gas turbine power plant in which the compressor 
2, the last stage only of which is shown, delivers 
air under pressure to an annular duct 4 in Which 
fuel is mixed with the air and burned to produce 
power gases which are then discharged through 
a turbine nozzle 6 for driving the turbine rotor 8. 
This rotor, only a part of which is shown, is con 
nected to the compressor rotor 0 by a sleeve 2 
which may be supported in Spaced bearings 
and 6 within the supporting structure 8. 
The compressor casing 2C which carries sta 

tionary vanes 22 has attached thereto at its 
downstream end the diffuser section 24 of the 
combustion chamber. This diffuser Section pro 
vides an annular passage from the compressor 
casing and consists in diverging inner and Outer 
walls 26 and 28 which, adjacent their upstream 
ends are spaced apart and parallel and are inter 
connected by radially extending members 38 
which function as straightening vanes. These 
walls diverge in a downstream direction and form 
with the compressor casing 26 a part of a load 
carrying structure of the power plant. The Sup 
porting structure 8 for the bearings 4 and 6 
is carried by radially extending members 36 
Welded or otherwise attached to the diffuser Sec 
tion. 
The central part of the combustion chamber 

downstream of the diffuser Section is enclosed 
within an outer cylindrical wall 3. The up 
stream end of the wall 34 is bolted to an exten 
sion of outer wall 28 of the diffuser Section as by 
bolts 40. The downstream end of the wall 34 
has a cylindrical extension 42 somewhat Smaller 
than wall 34 and surrounding the turbine. 
Within the wall 34 and supported thereby in 

closely spaced relation is an annular heat shield 
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46 which, in effect, forms a continuation of the 
Outer Wall of the duct 4. The shield 46 becomes 
Smaller in diameter at its downstream end where 
it joins a Second shield 48 extending diagonally 
inWardly to engage with the outer wall of the tur 
bine nozzle 6, this shield 48 forming in effect a 
further continuation of the outer wall of the 
duct 4. 
From the downstream end of the inner wall 

26 of the diffuser section there extends a sleeve 
54, the upstream end of which is connected as 
by bolts to the end of wall 26. The sleeve be 
comes slightly smaller at its downstream end but 
is nearly parallel to the Wall 34. The sleeve 54 
is attached at its lower end to a frusto-conical shi 
Casing member 55 which becomes gradually 
larger in diameter to cause inner wall of duct 4 
to converge toward the outer wall 34. The down 
stream end of member 55 engages with the inner 
Wall of the turbine nozzle 6. Sleeve. 54 is shielded 
from the heat within the combustion chamber by 
a liner. 56 closely-spaced from and on the outside of 
the sleeve 56 and member 55 is shielded by a 
Shield 5. The duct A thus includes the diffuser 
Section in which the inner and Outer walls di 
Verge, the Substantially cylindrical section in 
which the combustion takes place, and the section 
Of gradually decreasing cross sectional area for 
guiding the hot power fluid to the turbine nozzle. 
The invention is shown in conjunction with a ; 

can-annular combustion chamber construction 
in which the duct 4 is annular and concentric to 
the axis of the compressor and turbine while the 
individual burner cans 58...are arranged in a ring 
around the axis of the turbine and parallel there 
to, being spaced apart angularly within the 
annular duct. Each burner can includes an outer 
Substantially cylindrical shield 60 the diameter of 
which is slightly less than the radial dimension 
of the annular duct to provide an air space 62 
between the shield 60 and the annular heat shield 
46 and also to provide an air passage 64 between 
the shield 60 and the liner 56. Mounted Within the cylindrical shield 60 and 
Substantially concentric thereto is...an innershield 
66 which provides a central air passage 68 the 
downstream end-of which is closed at a point up 
stream of the turbine nozzle. 
The inner and outer shields 60, and 66 are held 

in Spaced relation to each other by .an annular 
cap which closes the upstream end-of the space 
between the shields and which supports a plu 
rality of cups 72 with their-bases facing upstream 
and with the open ends of the cups coinciding 
With openings T4 in the cap 70. A fuel nozzle 6 
is Supported centrally within the base of each cup 
and the nozzle is surrounded by shrouded swirl 
Vanes 78 which are adapted to impart, a tangential 
SWirl to the air passing over the vanes and be 
tween the nozzle and shroud 79 into the cup, to 
cause it, by centrifugal force, to follow the inside 
Surface of the cup and also to produce a cylinder 
of moving air as it progresses down the stream. 
The cap 70 carries a number of these fuel injec 
tion cups each of which supports a fuel nozzle 
with the result that the flame tube which is the 
annular Space between the shields 60 and 66 is 
provided with fuel at uniformly spaced points 
around its circumference thereby assuring a 
fairly uniform distribution of the combustion 
Within the combustion space. 
Only a Small amount: of air enters the flame 

tube past the swirl vanes 78, the greater part of 
the primary air entering the tube through open 
ings 80 in the Outer shield 60 and similar open 
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4. 
ings 82 in the inner shields 66. In the arrange 
ment shown the openings 80 are arranged in 
spaced parallel rows and these openings may be 
in direct radial alignment with openings 82 in 
the inner Shields. The air enters the flame tube 
through the openings 80 and 82 in a substantially 
radial direction but because of the reduced pres 
Sure Within the Swirling air discharged from the 
fuel injection cups 72 the primary air entering at 
least the first row of inlet openings tends to flow 
in a substantially upstream direction against the 
fuel being injected by nozzles 6 with the result 
of improved mixing and rapid combustion. To 
ward the downstream end of the shield 60 it may 
be advantageous to provide elongated slots 84 for 
the rapid admission of secondary air to mix with 
the products of combustion. It will be apparent 
that the effect of the centrally located shields 66 
is to reduce the effective width of the combus 
tion chamber, since the effective dimension is 
now the spacing between the shields 6 and 66, 
Without in any way reducing the length of the 
fiane tube so that the resulting ratio of length 
to-width is increased to a more effective ratio for 

5 best combustion. The cups 2 are in effect large angle diffusers 
and the Swirl action assists the air in following 
the inside walls of the cups, thereby preventing 
the flow from breaking away from the walls. 
The diffuser action results in a low pressure di 
rectly downstream of the Swirl wanes "18 and a 
higher pressure with lower velocity at a point 
approximately in line with the first row of open 
ings 80. This higher pressure causes a flow 
toward the low pressure area, directly against the 
fuel sprayed in from the nozzle. Moreover, the 
Swirling air is provided by centrifugal force with 
a preSSure differential such that the air has a 
higher pressure at the rim of the cup and a de 
creasing pressure from the rim toward the axis 
of the Cup. This pressure differential assists the 
air flow entering the openings 80 in penetrating 
this Swirling air so that the air from the openings 
80 may reach the central part of the combustion 
Space. 
The circumferential spacing of the openings 80 

is such as to provide approximately triangular 
areas of Substantial size between the air jets 
directed into the combustion space from the 
Openings 80. As a result the air which had in 
itially moved in an upstream direction within the 
combustion Space, and the fuel mixed with the 
air, and in which burning is occurring, can and 
does when reversed in direction adjacent the 
open end of the cup flow downstream through 
these areas without interfering with the entry 
of primary air to the combustion spaces. 

Instead of attaching the outer rim of the cap 
TO directly to the outer shield 60, a wiggle strip 
86 Spaces the cap from the shield and permitsa 
flow of air longitudinally along the inner surface 
of the shield for cooling the shield when com 
bustion is taking place. A similar wiggle strip 
88 maybe provided between the downstream end 
of the shield 60 and the collector ring 90 which, 
as shown, fits between the converging walls at 
the downstream end of the combustion chambers 
adjacent to the turbine. The wiggle strip ge 
allows cooling air to flow over the inner surface 
of the member 90 for cooling purposes. 
For the purpose of assuring the proper dis 

tribution of primary air between the outer air 
passages 62 and 64 and the central air passage 
68, the inlet-end of the combustion chamber;has 
a dividing member 92 which has an inner wall 
94 extending forwardly from the innershield-gs 
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and an otter wall 96 extending in an upstream 
direction from the outer periphery of the Cap 
70. The inner and Outer Walls merge at their up 
stream ends as shown and by Suitable proportion 
ing of the dimensions of the inner wall 94 and the 
location of the upstream end of the member 92 
with respect to the surrounding diffuser section, 
it is possible to accurately proportion the air flow 
so that the air is introduced through the openings 
80 and 82 to best advantage. It may be noted 
that another function of the walls 93 and 96 is 
to enclose the fuel manifolding 98 for the nozzle 
76 and to streamline the air flow into the burner. 
The inner wall 94 may be made up of separate 

elements 94a and 94b with the downstream end of 
the element 940, slightly larger than the adjacent 
end of the element 94b to provide a metering 
Orifice 99 which controls the amount of air en 
tering the space between walls 94 and 96 and 
thus controls the amount of air delivered through 
the Swirl wanes 8 into the cups 72. 
Each of the individual cans is Supplied with 

fuel from a surrounding manifold structure 00 
located externally of the diffuser Section of the 
burner and having a substantially radially ex 
tending inwardly projecting arm O2 provided 
with fuel passages 04 and 6 through which 
fuel is admitted to the manifold 98 above re 
ferred to. 
In addition to the inner and outer walls 94 

and 96 of the dividing member 92, this member 
also has flanges 08 extending in a circumferen 
tial direction with respect to the burner duct, 
to engage With Supporting StrutS 0 positioned 
radially between the upstream ends of adjacent 
burner cans, as ShoWn in Fig. 5. With these 
flanges in place the desired proportion of air is 
delivered to the Space radially inward of the 
flanges and also to the space radially OutWard 
thereof. 

It is to be understood that the invention is not 
limited to the specific embodiment herein illus 
trated and described, but may be used in other 
ways without departure from its Spirit as defined 
by the following claims. 

I claim: 
1. In a burner construction, an annular duct 

having an inlet at one end and an outlet at the 
opposite end for the flow of air therethrough, a 
plurality of cylindrical shieldsparallelly arranged 
within the duct, said shields being spaced from 
the duct walls and from each other to provide air 
passages therebetween, a tube-shaped inner 
shield within each cylindrical shield and defin 
ing with each cylindrical shield a substantially 
annular combustion space of large length-to 
width ratio, an annular closure at the upstream 
end of each combustion space, each closure haW 
ing a plurality of openings therein, said openings 
being filled with a fuel nozzle assembly including 
a downstream facing cup-shaped element, a fuel 
nozzle within the base of the cup-shaped element 
and a plurality of vanes surrounding said nozzle 
and surrounded by said cup-shaped element, Said 
vanes imparting a tangential Swirl to the air en 
tering said combustion Space through Said Vanes, 
said cylindrical shields and said inner shields be 
ing perforated to admit air to said combustion 
spaces, and means upstream of each of said cylin 
drical shields and closures for distributing air 
flow to said inner shield, said vanes and around 
said cylindrical shield. 

2. In a burner construction, an annular duct 
having an inlet at one end and an outlet at the 
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6 
plurality of cylindrical shields parallelly ar. 
ranged within the duct, Said shields being spaced 
from the duct Walls and from each other to pro 
vide air passages therebetween a tube-shaped 
inner shield. Within each cylindrical shield and 
defining with each cylindrical shield a Substan 
tially annular combustion space of large length 
to-width ratio, an annular closure at the up 
stream end of each combustion space, each clo 
Sure having a plurality of openings therein, Said 
openings being filled with a fuel nozzle assemi 
bly including a downstream facing cup-shaped 
element, a fuel nozzle within the base of the cup 
shaped element and a plurality of vanes Sur 
rounding said nozzle and Surrounded by said cup 
shaped element, said vanes imparting a tangential 
Swirl to the air entering said combustion space 
through said vanes, said cylindrical shields and 
Said inner shields being perforated to admit air 
to said combustion spaces, means for Substantial 
ly enclosing the upstream end of each of said 
cylindrical Shields, means for admitting air 
through said enclosing means to Said inner shield 
and Said vanes, Said enclosing means distributing 
airflow to Said inner shield, said vanes and 
around Said cylindrical Shield. 

3. In a burner Construction, an annular duct 
having an inlet at One end and an outlet at the 
Opposite end for the flow of air therethrough, a 
plurality of cylindrical shields parallelly ar 
ranged within the duct, Said shields being spaced 
from the duct walls and from each other to pro 
vide air passages therebetween, a tube-shaped 
inner shield within each cylindrical shield and 
defining With each cylindrical Shield a substan 
tially annular combustion space of large length 
to-Width ratio, an annular closure at the up 
stream end of each combustion space, each clos 
ure having a plurality of openings therein, said 
openings being filled with a fuel nozzle assembly 
including a downstream-facing cup-shaped ele 
ment, a fuel nozzle within the base of the cup 
shaped element and a plurality of vanes sur 
rounding said nozzle and surrounded by said cup 
shaped element, Said vanes imparting a tangen 
tial Swirl to the air entering said combustion 
space through Said vanes, said cylindrical shields 
and Said inner shields being perforated to ad 
mit air to Said combustion Spaces, a conical shield 
Substantially enclosing the upstream end of each 
of Said cylindrical shields, said conical shield hav 
ing a central opening through which air is admit 
ted to said inner shield and Said vanes, said con 
ical shield distributing airflow to said innershield, 
said vanes and around said cylindrical shield. 

4. In a burner construction, an annular duct 
having an inlet at One end and an outlet at the 
opposite end for the flow of air therethrough, a 
plurality of cylindrical shields parallelly arranged 
Within the duct, Said shields being spaced from 
the duct walls and from each other to provide 
air passages therebetween, a tube-shaped inner 
shield within each cylindrical shield and defin 
ing with each cylindrical shield a substantially 
annular combustion Space of large length-to 
Width ratio, an annular closure at the upstream 
end of each combustion Space, each closure hav 
ing a plurality of Openings therein, said openings 
being filled with a fuel nozzle assembly including 
a downstream facing cup-shaped element, a fuel 
nozzle Within the base of the cup-shaped element 
and a plurality of vanes Surrounding said nozzle 
and Surrounded by said cup-shaped element, said 
wanes imparting a tangential Swirl to the air en 

opposite end for the flow of air therethrough, a 75 tering said combustion space through said vanes, 
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said cylindrical shieltis and saidinnershieldsibe 
ing perforated to admit air to said combustion 
spaces, a conical shield having its base facing 
idownstream and substantially enclosing the up 
stream end of each of said cylindrical shields, a 
walled passage through said iconical shield for 
sdirecting air to: Saidinnershield, said walled pas 
sage being spaced from said innershield to ad 
smit air to Said 'Vanes, said conical shield :and 
walled passage distributing airflow to said inner 
shield, Said "Vanes and around said cylintrical 
shield. 
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