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This invention relates to combustion chambers 
and in particular to those designed for use With 
gas turbine plants for heating the driving gases. 
These chambers are customarily located between 
the compressor outlet and the turbine inlet and 
the driving gases such as compressed air are heat 
ed by introducing fuel into the chamber and burn 
ing it in the presence of the compressed air. A 
portion of the latter is used for combustion of the 
fuel and the remainder used for cooling the chan 
ber and lowering the gas temperature to the naX 
imum value at which it can be admitted to the 
turbine Without running the risk of damaging 
the turbine blades by overheating. 
One of the more serious problems arising in 

connection with the design of the combustion 
chamber has been the prevention of overheating 
the chamber walls. No alloys now available are 
capable of withstanding the high temperatures 
prevailing in the chamber without resorting to 
some type of forced cooling and much has been 
done towards improving the rate at which the 
chamber walls are made to give up the enor 
mously high heat to which they are subjected. 
One type of construction now in use employs a 

pair of concentric cylindrical Shells Spaced ra 
dially to provide an annular passageway there 
between. The inner shell Serves as the combus 
tion chamber proper and is made from a metal 
which will best withstand the high COInbustion 
temperature. A portion of the driving gas Such 
as compressed air is delivered to the inner shell 
Where it is mixed With the burning fuel to for 
hot combustion gases, and the remainder is 
passed through the annular paSSageWay between 
the shells to take heat from the Wall of the inner 
Shell and thereby keep its temperature down. The 
cooling air is thereafter conoined with the gases 
leaving the combustion chamber and delivered 
directly to the gas turbine. 
Another type of construction utilizes a third 

cylindrical shell between the double shell struc 
ture described above, the added shell being bathed 
on both sides by cooling air and Serving to pro 
tect the outermost shell froin absorbing any ap 
preciable amount of heat. 
With the foregoing two types of construction, 

it has been found necessary to drive the cooling 
gases through the annular passageway at high 
speeds in order to maintain an adequate degree 
of heat transfer from the outer surface of the 
combustion chamber wall. While Satisfactory 
cooling is thus effected, it is obtained at the ex 
pense of a decrease in the overall efficiency of 
the gas turbine plant Since high gas Speeds en 
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tail a correspondingly high energy loss. That is, 
the higher the gas speed the higher is the power 
required to circulate it through the system. 
In the interest of reducing the energy loss in 

the gases, it has also been proposed to construct 
the combustion chamber proper in the form of a 
plurality of frusto-conical wall sections arranged 
axially in Spaced relation and overlapping so as 
to provide annular passageways therebetween 
through Which the cooling gases flow to the in 
terior of the chamber. By so dividing up the 
Combustion chamber wall into relatively shorter 
air flow paths along it, the resistance to flow of 
the cooling air is correspondingly lowered. 
The general object of this invention is to still 

further improve upon the cooling of a combus 
tion chamber and Specifically so by increasing the 
anount of Surface on the cooling side of the com 
bustion chamber wali in heat exchange relation 
With the cooling gas. 
The greatly enlarged surfaces available for the 

transfer of heat from the combustion chamber 
Wall makes it practical to circulate the cooling 
gaSeS at a relatively much lower and more eco 
nomical Speed and still assure adequate cooling. 
Furthermore, the pressure drop of the gases be 
tween the inlet and outlet sides of the combustion 
Chamber is kept at a low value by dividing the 
Cooling gases into a plurality of parallel streams, 
each of Which is required to cool only a short sec 
tion of the combustion chamber wall, the gas 
streams then being admitted into the combustion 
chaimber where they mix with the products of 
Combustion. 
Another object is to provide a combustion 

chamber made up from a plurality of easily re 
newable Wall sections. The latter are also pref 
erably slightly spaced from each other to allow 
their free expansion in all directions, and are 
also Supported So that they can be replaced easily 
and quickly When necessary. 
A further object is to provide a combustion 

chamber made up from a plurality of closely 
Spaced Wall Sections, all sections being of like size 
Which not only simplifies storage of replacement 
parts but also lowers the maintenance cost in 
replacing any burned out wall section since Only 
One Size need be kept on hand. 

Several different structural embodiments of the 
invention are possible and a few of these ae 
illustrated in the accompanying drawings. With 
reference to the latter, 

Fig. 1 is a vertical axial section through a con 
struction in which the combustion chamber prope 
er is constituted by a plurality of Cylindrical Wall 

  



2,617,255 
3 

Sections of stepped diameter spaced axially in 
Overlapping relation; and Fig. 2 is a transverse 
Section taken online 2-2 of Fig. 1. 

Fig. 1d. is a View similar to Fig. 1. With the top 
portion of the Outer Surrounding casing modified 
to provide a Second inlet for gas. 

Fig. 3 is a perspective of one of the arcuate 
plate Sections which when assembled form a 
Completely cylindrical wall of the chamber. 

Fig. 4 is also a vertical axial section through 
a slightly different construction in which the 
Several wall Sections are frusto-conical shells of 
like size rather than cylindrical shells of stepped 
S126S. 

Fig. 5 is likewise a vertical axial Section 
through a construction in which the several 
axially spaced Wall sections forming the com 
plete combustion chamber proper are cylin 
drical Shells of uniform diameter with their 
upper ends flared OutWardly. 

Fig. 6 is an axial Section through still another 
form of the invention featuring open-ended 
Shells of like Size, each of which is constituted 
by an assembly of flat-sided wall sections that 
form a combustion chamber of polygonal cross 
Section; Fig. 7 is a half-transverse section taken 
On line 7-7 of Fig. 6; and Fig. 8 is a perspective 
of One of the Wall Sections used in the Fig. 6 
Construction, 
AS to the various constructions shown in Figs. 

4, 5 and 6, it is to be understood that upper 
and lower ends of the exterior casing are made 
in the manner shown in either FigS. 1 or 1d. 
Complete axial Sections through the entire struc 
ture were decided against in the interest of 
eliminating a needless repetitive showing of de 
tails already presented. 

FigS. 9, 10, 11 and 12 are views of still other 
constructions for the Wall of the combustion 
chamber within the scope of the present in 
vention. 

Referring now to the drawings, and in partic 
ular to the construction shown in FigS. 1-3, the 
combustion chambel in general includes an oute 
gas-pressure resistant casing f having an in 
let at the top for gas which, in an application 
of the combustion chamber to gas turbine plants, 
would lead to the high pressure outlet of the 
air compressor unit, not ShoWn. The bottom 
end 2 of casing 0 is open and, again a SSuming 
the same application, would lead to the inlet side 
of the gas turbine unit, also not shown, that 
drives the useful load and the compressor unit. 
The combustion chamber proper is comprised 

of an assembly of open-ended cylindrical shells 
3d, 3b, 3c of stepped and decreasing diam 

eter mounted one above the other in Overlapped 
relation inside of casing ). Each shell, as 
shown by the transverse sectional view Fig. 2, 
is Sectionalized peripherally So as to be con 
Stituted by a plurality of arcuate Wall sections 
4 arranged in side-by-side relation, one of which 

is shown in perspective in Fig. 3. The side edges 
of these Wall Sections extend longitudinally of 
the axis of the combustion chamber and the 
Confronting side edges of adjacent sections are 
Spaced slightly apart to allow for free expansion 
in all directions. The exterior Surface of each 
Wall section is ribbed in an axial direction at 
4a to provide longitudinal grooves or p2SSage 
ways 5 for cooling gas which takes on the heat 
from the plate portion 4b and thus serves to 
keep its temperature doWn to a Safe level. 
Surrounding closely each of the inner shells 
3a-3c is an outer open-ended cylindrical shell 
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4. 
6 made in One piece. Each of the latter is 

Secured in place by attachment to a spider 7 
that is in turn supported at the wall of the outer 
Casing 0. Each of the outer shells supports its 
associated inner shell and for this purpose has 
slots 8 for receiving the toe portion of hook 
type hangers 9 Secured to the end ribs f4a of 
each Wall Section 4. 
As Will be seen from Fig. 1, each of the Outer 

Shells underlaps and lies in contact with the 
interior Surface of the inner shell next below 
it. Hence as shown by the arrows, cooling air 
entering the top of any of the annular ribbed 
paSSageWayS 23 paSSes out of the lower end of 
the passageWay into the interior of the inner 
shell next below it along the interior surface 
of the latter. 

Located at the top of the uppermost inner shell 
f3c is a nozzle 2 by which fuel is admitted 
into the chamber defined by the three over 
lapped shells 3d-3c. Air for combustion also 
enters the topmost shell through a plurality of 
fixed and curved vanes 22 which give it a swirl 
ing motion. The remainder of the air passes 
doWinWardly through the outer casing enter 
ing the three annular ribbed passageways 23 
formed by the three sets of inner and Outer shellis 
and Subsequently passing into the combustion 
chamber proper where it combines with the prod 
lucts of combustion. The latter and the air used 
for cooling then pass out of the bottom open 
ing 2 in casing and enter the gas turbine. 
The construction shown in Fig. 1 has many 

advantages. The axially extending ribs 4a at 
the exterior surface of the Wall sections 4 great 
ly enlarge the area available for surface con 
tact with the cooling air and thus materially im 
prove the rate at which heat is transferred from 
the hot interior Surface of the overlapped inner 
Shells that are Subjected to the extremely high 
Combustion temperatures. This makes it possi 
ble to keep the temperature of the inner shells 
down to a Safe level without resorting to high 
Velocities of air flow along the ribs which, for 
rea,Sons already Stated, should be avoided in 
the interest of high efficiency operation. Fur 
thermore by arranging the combustion chamber 
proper in Sections Such that the cooling air is 
divided into a plurality of parallel streams each 
of Which is used to cool a relatively short axial 
Section of the entire hot chamber wall and there 
after enters the chamber to then mix with the 
hot combustion gases, the pressure difference re 
quired to Send the cooling air along the ribbed 
Walls Will be approximately the same as the pres 
Sure drop in the combustion air as it passes 
through the Vanes 22. 

Fabricating each of the inner shells 3d-3c 
from a plurality of Wall sections 4 is also of ad 
Vantage, for replacement of one or more of the 
Sections in the event of a burn-out is obviously 
far more economical than would be the case Were 
the entire Shell to be renewed. The hook-and 
slot type Support for the plate sections makes re 
placement a simple and brief task and, what is 
equally important, each cf the wall sections is 
able to expand freely in all directions. 
The construction shown in Fig. 1a is quite sim 

ilar to that of Figs. 1-3. The only differences are 
that the upper end of the outer casing fo is 
blocked off by a transverse partition 24 so that 
all of the air delivered at the inlet passes 
through the Vanes 22 into the upper shell 3c, 
and a Second gas inlet 25 is provided immedi 
ately beneath partition 24 that communicates 
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with the spaces between the Outer casing 0 and 
the shells 3d-3c and 6. This type of combus 
tion chamber is especially Suited for use in the 
production of heating gas for a steam boiler plant 
or as a Superheater. Air for combustion would 
be supplied to air inlet from a blower, the air 
entering through vanes 22 and serving to sup 
port COmbustion of fuel discharged into the con 
bustion chamber shells 3d-3c from nozzle 2. 
Flue gas Wold be introduced through inlet 25, 
the latter passing downwardly along the ribbed 
plate Section 4 for cooling the latter and enter 
ing the combustion chanber proper as in the case 
of the construction ShoWn in Fig. . 

Fig. 4 illustrates a modified embodiment of a 
combustion chamber incorporating the invention 
that permits all of the inner and Outer shells to 
be of the Saine construction and dimensions. This 
is an advantage in manufacture since it reduces 
the number of different parts required. It also 
simplifies replacement, and storage problems in 
that Only one Size of outer She and inner Wall 
Section need be stocked. In Fig. 4, each of the 
inner Shells 26d, 26b and 26c is comprised of a 
frusto-conical assembly of closely spaced wall sec 
tions 2 the exterior Surfaces of which are ribbed 
axially at 28 as in Fig. i. An outer one-piece frus 
to conical shell 29 closely Surrounds each of the 
inner shells to form an annular gas pasageway 
3 that is likeWise of frusto cone form. Each of 
the shells 23 is provided with slotted apertures 
32 Which receive the Support hooks 33 of the as 
Sociated inner Wall Sections 2. 
A ring 34 welded or otherwise Secured in place 

inside the outer cylinrdical casing 35 is provided 
to Support the Vertical assembly of inner and 
Outer shells. To this end each of the Outer shells 
29 is provided with a plurality of circumferen 
tially Spaced lugs 36. Lugs 36 for the lowermost 
outer shell 29 rest, upon ring 34 and the lugs of 
each of the remainder of the outer shells 29 rest 
upon the upper end face of the shell next below 
it. As Will be seen clearly from the drawings, 
the Support lugs 36 are so placed upon the outer 
shells 29 that the latter and the inner shells over 
lap as in the Fig. 1 construction. Also when the 
cCrnbustion chamber is assembled, each of the 
Outer shells lies adjacent, the interior Surface of 
the inner Shell next below it. So that the cooling 
gaS upon leaving One of the annular passageways 
3 will nove into the combustion chamber along 
the interior Surface of the next inner shell below 
it in the assembly. 
Another constructional form of the invention 

Which affords a near maximum space for con 
bustion inside the casing and also permits the 
SuperpOSed Shell aSSembly to be made from sec 
tions of like dimensions is illustrated in Fig. 5. 
Here each of the inner shells Sia, 37b, 37c, which 
are positioned one above the other in spaced 
rather than in telescoping relation, is cylindrical 
and Composed of an aSSembly of arcuate Wall Sec 
tions 38 having ribs 39 on their exterior Surface 
and hooks for hanging each of the sections in 
position over the upper end of the closely sur 
rounding Outer and One piece cylindrical shell 2. 
The latter which are all of like diameter are pro 
vided with a plurality of radially extending ears 
43 for attachment to vertical Supports 44 placed 
Within the cylindrical casing 45. In order that 
the cooling gas may be directed into each of the 
inner Shells after paSSing along the Outer ribbed 
Surface of the inner shell next above it, the top 
portion of each Wall Section 38 is turned out 
Wardly So that When assembled to form the in 
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6 
ner shell, the latter will have a flared opening 
at its upper end positioned immediately below the 
inner shell right above it in the assembly, Fur 
thermore the internal diameter of the shell at its 
upper flared end is made substantially the same 
as the exterior diameter measured at the outer 
edges of the ribbed exterior surface along the 
main body portion of the shell. So that cooling 
air flowing along the ribbed passageway of one 
of the inner shells Will pass into the flared open 
ing of the shell next below it and thence into the 
combustion Space. 

Still another form of combustion chamber 
making full use of the interior of the enclosing 
preSSure resistant Outer casing, and affording 
economy of repair by using wall sections of like 
dimension in the several shells which go to make 
tup the COmbustion chamber proper in shown in 
FigS. 6, 7 and 8. Here each of the inner shells 
46d-46d. is constructed in polygonal form from a 
group of flat, externally ribbed Wall sections A, 
there being one plate section to each side of the 
polygon. The inner shells are all supported in 
Spaced relation. One above the other by a closely 
Surrounding one piece outer shell 48 which can 
be cylindrical, the latter being provided with slots 
to receive the hangers 59 at each side of each Wall 
Section. As will be evident from Figs. 6 and 8, 
the ribs 49 which make up the outer channeled 
Surface of each inner shell are interrupted at a 
point Substantially midway between the ends and 
a peripheral opening 5i is provided in the outer 
Shell 48 at each of these levels to allow cooling 
air to enter from the Space between the outer 
Casing 52 and shell 53. As shown by the arrows, 
the incoming cooling air divides about in half, 
one half passing upwardly along the ribbed outer 
Surface of the inner shell and thence over the 
upper edge into the combustion space, and the 
other half passing downwardly along the ribbed 
Sullface of the shell and thence into the inner 
Shell next below. The reason for providing an 
interruption in the ribbed exterior surface of the 
inner shell becomes apparent when one con 
siders the fact that the large temperature drop 
transversely across the ribs results in different 
eXpansion characteristics at different points along 
the ribs as measured in this direction. The very 
hot plate portion Aia expands much more than 
does the outer and much cooler edge 49a of the 
ribs So that the whole ribbed body tends to twist 
lengthwise. The longer the rib the more the 
twist; hence by interrupting the ribs at least at 
One point Such as at the middle of the shell, the 
tendency of the Section towards twisting is re 
duced considerably. 
In all of the Various forms of combustion cham 

bers that have been described, the ribbed wall 
Sections are illustrated as being formed from a 
Solid body, the ribs themselves being milled out 
for example. Because of the extremely high 
temperatures prevailing within the combustion 
chamber proper, a material having a high degree 
of resistance to heat is preferred and chromium 
Steel has been found suitable. Instead of ma 
chining grooves in Solid material to form the ribs 
and Wall portions of each wall section, one can 
Start from a flat plate of chromium steel and by 
folding it reversely back and forth upon itself as 
Shown in Fig. 9 produce a substantially arcuate 
or fiat Wall portion 53 as the case may require, 
and ribs 55 between which the cooling air will 
foW. 
Another practical construction for the wall sec 

tions of each of the inner shells is shown in Fig. 
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10. Here the Wallportion proper is comprised of 
a relatively thick plate 55 of chronium Steel to 
which is attached on the exterior Surface a much 
thinner steel plate 56 bent back and forth upon 
itself to form hollow cooling ribs' 57. The hollow 
libs 57 are then cast full of copper 58 or . Some 
other material likewise notable for its high heat 
conduction characteristic. 

Still another construction of a plate Section and 
of an assembly of such plate Sections in a com 
bustion chamber is illustrated in FigS. 11 and 12. 
The plate section 59 with the arcuate plate por 
tion 60 carries, ribs. 8 on the exterior. Surface, the 
inlet end 6a of which is higher than the Outlet 
end 6 lb. This means that the cross-Section. Of 
the longitudinal grooves 62 is greater at their in 
let end than at their outlet end. The velocity of 
the cooling air increases as it flows through the 
grooves and, although its temperature increases 
also, the rate of heat transfer can be. Inaintained. 
In this Way, and by choosing appropriate groove 
cross-sections, it is possible to lower the maximum 
temperature of the plate polition 6 and to obtain 
an equal temperature over the entire inner plate 
surface of a section. Fig. 11 further illustrates 
a construction. With hooks S3 located on the 
middle rib, a feature Which facilitates free-lateral 
expansion of the plate Sections. The aSSembly 
shown in Fig. 12, using plate Sections as illus 
trated by Fig. 1, is substantially the Sane as in 
Fig. 4. The plate Sections 6a, 64b and 64c, con 
sisting of plates 6.5. and ribs 66 with decreasing 
height, are held by frusto-conical ringS 67 by 
means of hooks 63 and slots 69. The lowermost 
conical ring, by neans of lugs 73, rests on a ring 

attached to the inside. Of the outer cylindrical 
Casing 72; the upper conical rings rest upon the 
upper end faces of the rings next below then by 
means of similar lugs. 

In conclusion, it is to be understood that While 
preferred embodiments of the invention have 
been described and illustrated Various other 
changes in the construction and arrangement of 
parts may be made without departing from the 
spirit. and scope of the invention as expressed in . 
the appended claims. 

claim: 
1. A cornbustion chaniber cornerising inner. and 

oute' shell tenbel's Spaced fro) each other to 
provide a passageway therebetween for cooling 
gases, Said illne. Sheil Ingabel ceiling Sectionalized 
peripherally into a plurality of Wall sections the 
side edges of which extend longitudinally of the 
chainbei, Said Wall Sections being arranged in 
Side-by-side relation with the side edges of adja 
cent Wall Sections Spaced from each other, each 
Said wall section being provided with ribs extend 
ing longitudinally along the outer surface, there 
Cf, hanger means individual to each of Said wall 
Sections Supporting the latter independently in 
Said Spaced relation upon said outer shell mein 
ber to thereby permit said spaced wall sections to 
eXpand independe1tly of the other wall sections 
adjacent thereto, and means for admitting fuel 
and a coinibustion Supporting nediuin into said 
in ther Shell member for coniustion. 

2. A combustion chamber as defined in claim 1 
Wherein Said ribs on each wail section are inter 
rupted at at least one place along their length to 
reduce longitudinal distortion. 

3. A combustion chamber as defined in claim 1 
wherein each of the wall sections comprising said 
inner Shell member is made from metallic plate 
material and Said ribs are produced by folding 
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8 
successive portions of Said material back and 
forth upon itself. 

4. A combustion chamber as defined in claim 1 
wherein each of the wall sections comprising Said 
inner shell member is comprised of metallic plate 
material having high heat resistant character 
istic and the ribs thereon are constituted by a 
ribbed shell attached to said plate and filled With 
material having a high heat conductivity char 
acteristic. 

5. A combustion chamber as defined in claim i 
wherein the hanger means individual to each of 
said wall sections is constituted by a pair of 
Spaced hooks each having a toe is extending 
through, and engaging the edge portion of a cor 
responding, slot in the wall of Said outer shell 
member. 

6... A combustion chamber as defined in claiml 
wherein the wall sections constituting said inner 
shell member are. arcuate. 

7. A combustion chamber as defined in claim 1 
wherein the wall sections constituting said inner 
Shell member are flat. 

8. A combustion chamber as defined in claim 1 
wherein. the height. of the ribs. On Said Wall Sec 
tions...in a direction transverse to the flow of the 
cooling gases is greater at the gas inlet end than 
at the gas outlet end. 

9. A combustion chamber comprising a casing, 
a plurality of open ended inner Shells arranged 
in Spaced relation one above the other in Said 
casiing, each of Said shells being constituted by 
a peripheral assembly of Wall Sections the side 
edges of which extend longitudinally of Said cas 
ing, said Wall sections being arranged in side 
by-side relation with the side edges of adjacent 
Wall. Sections Spaced from each other, each Said 
wall Section having ribs extending longitudinally 
along the outer Surface thereof, means for intro 
ducing fuel and a combustion Supporting medium 
into the Space enclosed by said inner shells for 
combustion, an Outer shell closely Surrounding 
each of said inner Shells to provide a passageway 
for leading cooling gases along the Surfaces of 
said ribs, and hanger means individual to each 
of said Wall Sections Supporting the latter inde 
pendently in Said spaced relation upon the sur 
rounding outer Shells to thereby permit the 
Spaced Wall sections constituting each inner shell 
to expand independently of the other wall Sec 
tions adjacent thereto. 

10. A combustion chamber comprising a casing 
having a top air inlet and a bottom air outlet, 
a plurality of open-ended inner shells of stepped 
CrOSS Section arranged one above the other in said 
casing in partly telescoped relation, said shells 
decreasing in croSS-Section in the direction of the 
air inlet to Said casing, each of said inner shells 
being comprised of a peripheral assembly of Wall 
Sections the Side edges of which extend longi 
tudinally of Said casing, Said wall Sections being 
arranged in Side-by-side relation with the Side 
edges of adjacent Wall sections spaced from each 
other, each Said wall section having ribs extend 
ing longitudinally along the outer surface there 
of, an open-ended outer shell closely surrounding 
each of Said inner Shells to form a plurality of 
Stepped, gas paSSageWays therebetween each of 
which receives cooling air at the upper end and 
discharges the Same at the lower end inside the 
next lower inner shell, hanger means individual 
to each of Said wall. Sections. Supporting the latter 
independently in Said Spaced relation upon the 
Surrounding Outer Shells to thereby permit the 
Spaced Wall Sections constituting each inner shell 
to expand independently of the other wall sec 
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tions adjacent thereto, and means for admitting 
fuel and air into the Space enclosed by said inner 
Shells for combustion. 

11. A combustion chamber comprising an outer 
casing, an inlet for cooling gas at the upper end 
of said casing, a gas outlet at the lower end of 
said casing, a plurality of open-ended cylindrical 
inner shells of stepped diameters aSSembled One 
above the other in said casing, said shells de 
creasing in diameter in the direction of the air 
inlet to said casing and overlapping one another, 
each of said inner shells being comprised of a 
peripheral assembly of wall sections the side 
edges of which extend longitudinally of said cas 
ing, said wall sections being arranged in side-by 
side relation with the side edges of adjacent Wall 
sections spaced from one another, each said wall 
section having ribs extending longitudinally 
along the outer surface thereof, an open-ended 
outer shell closely surrounding each of said inner 
shells and which extends into the inner shell next 
below adjacent its interior surface to establish 
an annular passageway between each inner and 
outer shell for downward flow Cf cooling gas in 
said casing along the ribbed surface of one inner 
shell into the inner shell next below, hanger 
means individual to each of said wall Sections 
supporting the latter independently in Said 
spaced relation upon the surrounding outer shells 
to thereby permit the spaced Wall sections consti- . 
tuting each inner shell to expand independently 
of the other wall sections adjacent thereto, and 
means for introducing fuel and a combustion 
supporting medium into the space enclosed by 
said assembly of inner shells for combustion. 

12. A combustion chamber comprising a casing, 
an inlet for gas at the upper end of Said casing, a 
plurality of like open-ended inner shells arranged 
one above the other in said casing in partly tele 
scoped relation and tapered outwardly in the di 
rection of said gas inlet, each of Said inner shells 
being comprised of a peripheral assembly of Wall 
sections the side edges of which extend longitudi 
nally of said casing, said Wall Sections being ar 
ranged in side-by-side relation. With the side edges 
of adjacent wall sections Spaced from each other, 
each said wall section having ribs extending lon 
gitudinally along the outer surface thereof, an 
open-ended outer shell closely surrounding each 
of said inner shells to form gas passageways there 
between, each said passageway receiving cool 
ing gas at the upper end and discharging the 
same at the lower end inside of the next lower 
inner shell, hanger means individual to each of 
said wall sections supporting the latter inde 
pendently in said Spaced relation upon the Sur 
rounding outer shells to thereby permit the Spaced 
wall sections constituting each inner shell to ex 
pand independently of the other wall Sections 
adjacent thereto, and means for admitting fuel 
and a combustion supporting medium into the 
chamber defined by said inner shells for con 
bustion. 

13. A combustion chamber comprising a casing, 
a plurality of open-ended inner shells uniform in 
cross-sectional area arranged in Spaced relation 
one above the other in said casing, each of Said 
inner shells being comprised of a peripheral as 
sembly of wall sections the side edges of which 
extend longitudinally of Said casing, said Wall 
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10 
sections being arranged in side-by-side relation 
With the side edges of adjacent wall sections 
Spaced from each other, each said Wall section 
having ribs extending longitudinally along the 
Outer Surface thereof, an Outer shell Spaced in 
Wardly from Said casing and closely surrounding 
said inner shells to provide a passageway for cool 
ing gas admitted to Said casing, said outer shell 
being provided With a peripheral opening adjacent 
the middle of each inner shell for admitting cool 
ing gas part of Which flows upwards and part 
downwards along the ribbed Surface into the in 
terior of said inner shells through the spaces 
therebetween, hanger means individual to each of 
Said Wall Sections supporting the latter in spaced 
relation upon the surrounding outer shell to 
thereby permit the spaced wall sections constitut 
ing each inner shell to expand independently of 
the other Wall sections adjacent thereto, and 
means for admitting fuel and a combustion Sup 
porting medium into the chamber defined by said 
inner shells for combustion. 

14. A combustion chamber comprising an outer 
Casing having an inlet for cooling gas at the upper 
end and a gas Cutlet at the lower end, a plurality 
of open-ended inner shells arranged in Spaced re 
lation one above the other in said casing, each of 
Said inner shells being comprised of a peripheral 
aSSembly of Wall Sections the side edges of which 
extend longitudinally of said casing, said wall 
Sections being arranged in side-by-side relation 
With the side edges of adjacent wall sections 
Spaced from each other, each Said Wall section 
having ribs extending longitudinally along the 
outer surface thereof and the upper portion of 
each said wall section being flared outwardly in 
the direction of Said gas inlet to provide a mouth 
portion for receiving cooling gas flowing between 
the ribs of the shell next above, an open-ended 
outer shell closely surrounding each of said inner 
Shell, hanger means individual to each of said 
Wall Sections Supporting the latter independently 
in Said Spaced relation upon the surrounding outer 
shells, hanger means individual to each of said 
constituting each inner shell to expand inde 
pendently of the other wall sections adjacent 
thereto, and means for admitting fuel and a com 
bustion Supporting medium into the Space defined 
by said inner shells for combustion. 
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