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7 Claims( (01. 60—39.55) ' 

This invention relates to furnaces and particu 
larly to furnaces adapted to operate under pres 
sure and suitable for supplying hot gases tovgas 
turbines. In order to obtain complete and rapid 
combustion in a small space, combustion Within 
a gas turbine furnace must take place at high 
temperature. There is therefore not only a con 
siderable internal pressure, but also a high tem 
perature within the furnace, with a result that 
‘gas. turbine furnaces have suffered from low 
availability. Particularly di?icult conditions 
arise when a furnace is arranged to effect inter 
stage reheating since the gases entering the fur 
nace are already at a substantial temperature. 
An object of the invention is the provision of fur 
naces of improved reliability. 

Since the products of combustion are at too 
high a temperature for use in a gas turbine they 
must be cooled and the cooling is generally ac 
complished by the addition of relatively cool gase 
ous ?uid. The mixture of the products of com 
bustion and cooling. gaseous ?uid should reach 
the turbine in unstrati?ed condition and other 
object of the invention is the provision of means 
for promoting rapid and thorough mixing of the 
products of combustion and cooling gaseous fluid. 

' The present invention comprises a furnace for 
the generation of gases under pressure for a gas 
turbine having a combustion space which is sur 
rounded by a wall faced internally with refrac 
tory material in which are embedded metal ele 
ments projecting inwardly towards the combus 
tion space from tubes adapted for the ?ow of 
coolingfluid therethrough and which is enclosed 
within a metal casing adapted to resist pressure 
and at a distance from the wall to leave a space 
between the casing and the wall at least part of 
which space is occupied by a passage surround 
ing the combustion space and adapted for the 
?ow of cooling gaseous ?uid therein. 
The metal elements may include studs arranged 

for keying or holding the refractory material, 
most suitably chrome ore. Fins or other extend 
ed surface elements may be used as the metal ele 
ments. ' 

The invention moreover includes alfurnace 
comprising a casing adapted to withstand inter 
nal pressure and a tubulous jacket surrounding a 
combustion space within the casing and adapted 
to conduct cooling ?uid and discharge the‘?uid 
into the furnace gases. . , . . i . . 
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The invention furthermore includes a furnace 
comprising a casing adapted to withstand inter 
nal pressure, an inner hollow jacket surrounding 
a combustion space within the casing and adapt 
ed to conduct cooling ?uid, an outer hollow jacket 
spaced from the inner jacket and from the casing 
and adapted to conduct cooling- ?uid, common 
means for supplying gaseous ?uid to the combus 
tion space and to the space between the jackets 
and separate means for supplying gaseous ?uid 
to the spacebetween the outer jacket and the 
casing. ' 

The invention furthermore includes a furnace 
comprising a casing adapted to withstand inter 
nal pressure, a hollow jacket surrounding a com 
bustion space within the casing and adapted to 
conduct cooling ?uid, means for‘adding cooling 
gaseous ?uid to the products of combustion and 
means for providing a mixing jet or mixing jets 
of elastic ?uid adapted to promote mixing of the 
cooling gaseous ?uid and products of combus 
tion. 
Two forms of furnace chamber according to 

the invention will now be described by way of ex 
ample with reference to the accompanying draw 
ings, in which: . 
Figure 1 represents partly diagrammatically a 

longitudinal cross-section of a furnace for the 
generation of gases for a high-pressure gas tur 
bine; 
Figure 2 represents partly diagrammatically a 

longitudinal cross-section of a furnace for the 
generation of gases for a low-pressure gas tur 
bine and the reheating of gases from a high 
.pressure turbine; 

- Figure 3 is to a larger scale than Figures 1 and 
2 and shows the arrangement of studs on the 
surfaces facing towards the combustion space of 
tubes of ' the wall surrounding the combustion 
space, as seen before the application of refractory 
thereover; and 
Figure 4 shows a cross-section on the line 

IV—IV of Figure 3, and shows also refractory in 
place over the tube surfaces. 
Referring to Figure 1, the furnace chamber 2 

comprises a pressure resisting casing 30 of gen 
of the pressure casing. The cooled-wall structure 
a steam cooled wall structure 3i having a cylin 
drical wall 32 spaced from the cylindrical wall 
of the pressure casing. The cooled wall structure 
is formed'at one end with a ?ring opening 33 
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centrally within which is arranged a steam 
atomising oil burner I3 having an impeller plate 
34 around the nozzle thereof and designed to 
cause air entering the combustion space imme 
diately around the nozzle to have a whirling mo 
tion around the nozzle, and provided with the 
usual adjustable louvres 35 between which flows 
the air arranged to enter through the ?ring open 
ing into the combustion space 56 within the cooled 
wall structure, and at its other end the cooled 
wall structure is formed with an opening 37 for 
the exit of gases from the combustion space. 
The cylindrical wall 32 of the cooled wall struc 
ture and the end wall 38 at the end of the com 
bustion space around the exit opening are formed 
by chrome ore refractory material 200 (Figure 
4) applied while in a plastic condition over the 
surfaces facing inwardly towards the combustion 
space of twenty-four tube coils 39, such surfaces 
being provided with metal studs iiili (Figures 3 
and 4; the scale of Figure 1 does not allow the 
studs to be represented therein). Part of one 
of the tube coils 39 is arranged to de?ne the end 
wall 48 of the combustion space around the ?ring 
opening. A further tube coil Ill is arranged to 
form a passage I32 with converging walls through 
which the gases from the combustion space must 
?ow before reaching the exit opening. The 
pressure casing is formed with an internally ex 
tending portion 43 forming a diverging passage 
‘is for the gases leaving the combustion space 3E, 
and the walls of such passage are also lined with 
the tube coil 4!. At the outer end of the di 
verging passage 46 the pressure casing is formed 
with a flange 2H) for mounting the furnace on 
a gas turbine casing. 
The various tube coils are cooled by the passage 

therethrough of steam led thereto by an inlet 
45 extending through the pressure casing into a 
header 46 which is arranged longitudinally in 
the pressure casing and into which the steam 
inlet ends of the tube coils connect. Each tube 
coil is led in the cylindrical and end walls of the 
cooled wall structure a suitable number of times 
around the axis of the combustion space and 
terminates in a steam outlet nozzle 47 arranged 
to deliver steam passing through the coil into 
the combustion space with a whirling motion 
therearound in the same direction as the whirling 
motion of air produced by the impeller plate 34 
and as a stream ?owing initially at least in part 
in contact with the adjacent wall. The nozzles 
41 in which the tube coils 39 of the cylindrical 
and’ end walls terminate are arranged in four 
rows spaced longitudinally of the combustion 
space with six nozzles in each row spaced evenly 
around the cylindrical wall 32. The tube coil 4| 
around the converging passage to the exit open 
ing and the diverging passage therefrom termi 
nates in a nozzle 41’ arranged to deliver into the 
gases shortly after they have entered the con 
verging passage and in a stream initially at 
least partly in contact with the walls of the 
passage and having a whirling motion around the 
passage in the same direction as the whirling 
motion of air produced by the impeller plate 34. 
The pressure casing is formed at the gas exit 

end thereof with an inlet 48 for the entry of 
compressed air supplied by a high pressure com 
pressor. 

of gases flowing from the exit opening, through 
eight apertures 49 formed in the wall of the 
diverging passage and arranged in pairs, evenly 
spaced around the passage. The other, part of 

One part of the air entering the pres- 1 
.sure casing is arranged to ?ow into the stream 
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4 
the air is arranged to flow into the annular 
space 50 between the pressure casing and the 
vapour cooled cylindrical wall, whence some of 
the air enters the combustion space through ports 
51 formed in the said cylindrical wall and in 
clined so as to give to the entering air a whirling 
motion around the combustion space in the same 
direction as the whirling motion of air produced 
by the impeller plate 3d. The ports are arranged 
in three rows spaced longitudinally of the com 
bustion space and the six ports in each row are 
spaced evenly around the cylindrical wall. The 
remainder of the air is arranged to enter the 
combustion space through the ?ring opening 33. 
The air led to the furnace chamber cools the 

pressure casing and after entering the combuse 
tion space 35 ensures complete combustion and 
dilutes and cools the products of combustion 
issuing from the furnace chamber to the gas 
turbine. The steam supplied effects a cooling 
of the wall structure 31 therein by ?owing through 
the tubes thereof and also, after being injected 
into the combustion chamber by the nozzles, by 
?owing more or less mixed with air and products 
of combustion over the inner surface of the cylin 
drlcal wall 32 with a whirling motion around the 
combustion space, and effects turbulence which 
promotes the passage to the turbine of well-mixed 
unstrati?ed gases. The number and design of 
the steam nozzles are such that a steam pressure 
not considerably greater than that in the furnace 
chamber 2 is sufficient to provide the required 
how of steam. By arranging that there is only 
a low pressure difference between the steam in 
side and the gas outside the cooled wall structure 
31, the likelihood is much reduced, or is avoided, 
that a tube failure would be so serious as to 
render it necessary to shut down the plant im 
mediately by reason of exorbitant steam‘ loss 
or starving of other tubes. 
Referring to Figure 2, the furnace chamber 4 

comprises a pressure resisting casing 89 of gener 
ally cylindrical form having arranged therein 
two cooled wall structures 8i and 82 spaced from 
one another and from the cylindrical walls of 
the pressure casing. The inner cooled wall 
structure 82 is formed at one end with a ?ring 
opening 83 centrally within which is arranged a 
steam atomising oil burner 14 having an im 
peller plate 84 arranged around the nozzle there 
of and designed to cause the air ?owing imme 
diately adjacent the nozzle towards the combus 
tion space to have a whirling motion around the 
nozzle, and provided with the usual adjustable 
louvres 85 between which flows the air arranged 
to enter through the ?ring opening into the com 
bustion space 88 within the inner cooled wall 
structure 82, and at the other end the cooled wall 
structure is formed with an opening 87 for the 
exit of gases from the combustion space. The 
cylindrical walls 88 of the inner cooled wall 
structure and the end wall 89 at the end of the 
combustion space around the exit opening are 
formed by chrome ore refractory material ap 
plied while in a plastic condition over the sur 
faces facing inwardly towards the combustion 
space of twenty-four tube coils 98, such surfaces 
being provided with studs in the same manner 
as the tubing 39 of Figures 3 and 4. Part of one 
of the tube coils 98 is arranged to de?ne the end 
wall 9! of the combustion space around the ?ring 
opening. A further tube coil 92 arranged to form 
a passage 93 with converging walls through 
which the gases from the combustion space must 
flow before reaching the exit opening. The pres 
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sure casing is formed with an internally extend 
ing portion 94 forming a diverging passage 95 
for the gases leaving the combustion space, and 
the walls of such passages are also lined with the 
tube coil 92. At the outer end of the diverging 
passage 95 the pressure casing is formed with a 
?ange 220 for mounting the furnace on a gas 
turbine casing. 
The various tube coils are cooled by the pas 

sage therethrough of steam led thereto by an 
inlet 96 extending through the pressure casing 
into a header 9'! which is arranged longitudinally 
in the pressure casing in the space 98 between 
the inner and outer cooled wall structures. Each 
tube coil is led a suitable number of times around 
the axis of the furnace chamber and terminates 
in a steam outlet nozzle 99 arranged to deliver 
steam which has passed through the coil into the 
combustion space with a whirling motion there 
around in the same direction as the whirling 
motion of air produced by the impeller plate 84, 
and as a stream ?owing initially at least in part 
in contact with the adjacent wall. The nozzles 
99 in which the tube coils 90 of the cylindrical 
and end walls of the inner cooled wallstructure 
terminate are arranged in four rows spaced lon 
gitudinally of the cylindrical wall with six nozzles 
in each row spaced evenly around the wall. The 
tube coil 92 around the converging passage 93 
to the exit opening 81 and the diverging passage 
95 therefrom terminates in a nozzle 99' arranged 
to deliver into the gases shortly after they have 
entered the converging passage and in a stream 
initially at least partly in contact with the wall 
of the passage and having a whirling motion 
around the passage in the same direction as the 
whirling motion of air produced by the impeller 
plate 84. 
The outer cooled wall structure 8| extends 

longitudinally in the casing at one end as far as 
the end wall 89 in which the exit opening 81 is 
formed, and at the other end to about as far as 
the louvres 85 of the burner. In the cylindrical 
wall of the pressure casing an inlet I I0 is formed 
for the admission of compressed air supplied by a 
low pressure compressor to the annular space I l I 
between the outer cooled wall structure 81 and 
the pressure casing at the end of the space re 
mote from the burner. From the air inlet III] 
the air is arranged to ?ow in the annular space 
III towards the burner and a part of the air 
enters the combustion space through the ?ring 
opening 83. The remainder of the air enters the 
annular space 98 between the cooled wall struc 
tures. . , 

The outer cooled wall structure 8I includes 
twenty-four tube coils [I2 cooled by the steam 
from the steam header 91, and these tube coils 
are so connected in the steam ?ow that the steam 
?ows in twenty-four parallel ?ow paths from the 
steam header ?rst into the tube coils H2 of the 
outer cooled wall structure 8| and theme ‘by 
respective connecting tubes (not shown) extend 
ing across the annular space between the inner 
and outer cooled wall structures to respective 
tube coils of the cylindrical and end walls of the 
inner cooled wall structure 82. 
The pressure casing is formed at the gas exit 

end thereof with an inlet II3 for the entry of 
gases from a high pressure gas turbine. One 
part of these gases is arranged to ?ow into the 
stream of gases ?owing from the exit opening, 
through eight apertures H4 formed in the Wall 
of the diverging passage 95 and arranged in pairs 
evenly spaced around the passage. The \re 
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mainder of the gases is arranged to ?ow into the 
annular space 98 between the cooled wall struc— 
ture. . . 

From the annular space 98 gaseous ?uid enters 
the combustion space with a whirling motion 
therearound in the same direction as the whirl 
ing motion of air produced by the impeller plate 
84, by ?owing through inclined ports I I5 formed 
in the cylindrical wall 88 of the inner cooled wall 
structure. The ports are arranged in three rows 
spaced longitudinally of the combustion space 
and the six ports in each row are spaced evenly 
around the Wall. 
The furnaces described are adapted for long 

availability and for adequate cooling with high 
combustion temperatures for ensuring rapid 
combustion of oil. ' 

I claim: ' > 

1. In a furnace for the generation of gases 
under pressure for a gas turbine, a metallic pres 
sure resisting casing, ?uid conducting tubes ar 
ranged in the formation of a wall within the 
casing and spaced therefrom to provide a passage 
for the ?ow of cooling gaseous ?uid, metallic 
studs integral with the metal of the tubes and 
projecting from the sides of the tubes opposite 
said casing,.high temperature refractory mate 
rial covering the‘studs and the inner faces of 
the tubes to form the face of the wall of the 
combustion chamber, the wall of the combustion 
chamber being formed with a plurality of in 
clined ports for the admission into the combus 
tion space of cooling gaseous ‘?uid with a whirl 
ing motion from the passage outside the wall, 
means for ?ring the combustion chamber, means 
for discharging cooling ?uid from said tubes into 
the furnace gases‘in the combustion space before 
the gases leave the furnace, said last name-d 
means being arranged to discharge ?uid with a 
whirling motion around the combustion space, 
means for providing said tubes with a cooling 
?uid, and means providing a furnace gas out 
let from the combustion space, said last named 
means including a wall projecting into the com 
bustion space and de?ning a converging passage 
for gases to the outlet anda further wall which 
de?nes a diverging outlet passage for the gases 
from the combustion space. 

2. In a furnace for the generation of gases 
under pressure for a gas turbine, a metallic pres 
sure resisting casing, ?uid conducting tubes ar 
ranged in the formation of a wall within the 
casing and spaced therefrom to provide a pas 
sage for the ?ow of cooling gaseous ?uid, me- ‘ 
tallic studs integral with the metal of the tubes 
and projecting from the sides of the tubes op 
posite said casing, high temperature refractory 
material covering the studs and the inner faces 
of the tubes to form the face of the wall of the 
combustion chamber, the wall of the combustion 
chamber being formed with a plurality of in 
clined ports for the admission into the combus-v 
tion space of cooling gaseous ?uid with a whirl 
ing motion from the passage outside the wall, 
means for ?ring the combustion chamber, means 
vfor discharging cooling ?uid from said tubes into 
the furnace gases in the combustion space be 
fore the gases leave the furnace, said last named 
means discharging ?uid from said tubes of the 
wall into the combustion space with a whirling 
motion in the same direction around the com 
bustion space as the cooling gaseous ?uid enter 
ing the combustion space through the inclined 
ports, ‘means-for providing said tubes with a 
cooling-?uid,‘ and means‘providing aifurnace'gas 
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outlet: from the: combustion space, said last 
named means including a wall projecting‘ into 
the combustion space and de?ning a converging 
passage for gasesto the outlet-and a further wall 
which de?nesa divergingoutletpassage for the 
gases from the combustion, space. 

3. In a gasturbine combustor for the genera 
tion of gasesv under pressure, combustion cham 
ber wall means including contiguous wall tubes 
normally providing for the flow of cooling fluid 
therethrough, the wall means also includingme 
tallicextended surface elements secured in good 
heat transfer relationship to the tubes and pro 
jecting- from the combustion chamber sides of 
the, tubes, high temperature refractory material 
covering-the sides of the tubes toward the com 
bustion chamber face of the wall means, burner 
means ?ring the combustion chamber, a metallic 
pressure resistant casing enclosing the combus 
tion chamber and spaced outwardly therefrom 
to provide a combustion chamber encompassing 
space, second wall means including similar wall 
tubes-for the how of cooling ?uid therethrough, 
said second wall means being disposed at a posi 
tion intermediate the ?rst wall means and the 
casingand dividing said space into two‘combus 
tion chamber enveloping spaces, and nor 
mally directing the how of a gaseous cooling 
mediumrto said spaces and from, said spaces to 
the combustion chamber at distributed positions 
and to the ?ring means. 

4,.‘In a gasturbine combustor for the genera~ 
tion ofv gases under pressure, combustion cham 
ber wall means including contiguous wall tubes 
normally providing for the flow of cooling fluid 
therethrough, the wall means also including me 
tallic extended surface elements secured, in good 
heat transfer relationship to the tubes and pro 
jecting from the combustion chamber sides of 
the tubes, high temperature refractory material 
covering the sides of the tubes toward the com 
busticn chamber face of the wall means, burner 
means ?ring the combustion chamber, a metallic 
pressure‘ resistant casing enclosing the combus 
tion chamber and spaced outwardly'thereirom to 
provide a combustion chamber encompassing 
space, second wall means including similar wall 
tubes for the flow of cooling fluid therethrough, 
said second Wall means being disposed at a posi 
tion intermediate the ?rst wall means and the 
casing and dividing’ said space into two com 
bustion chamber enveloping spaces, said ?ring 
means including a device imparting a whirling 
motion to the gases within the combustion 
chamber, angularly directed nozzles fed with 
?uid‘by said tubesland directedso asto augment 
the whirling motion of the gases within the coin‘ 
bustion chamber by their angular jets, and 
means normally directing the how of a gaseous 
cooling medium to said‘ spaces and from said 
spaces to the firing means and to the combus 
tionchamber at distributed positions. 

5. In a gas turbine combustor for the genera 
tion of gases under pressure, cylindrical combus 
tion chamber wall meansincluding contiguous 
wall tubes normally having steam ?ow there 
through, the wall means also including metallic 
extended surface elementssecured in good heat 
transfer relationship to the tubes and projecting 
from the combustion chamber-sides of the tubes, 
high temperature refractory material covering 
the sides of the tubes toward the combustion 
chamber and surrounding the studs. to form the 
combustion chamber; face of the wall means, 
burnermeans ?ring the combustion chamberwith 
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a whirling motion ofv the combustion elements, a 
metallic pressure resistant cylindrical casing en, 
closing the combustion chamber and spaced out 
wardly therefrom to provide a combustion cham 
ber encompassing space, means normally direct 
ing the ?ow of a gaseous cooling medium to said 
space and from said space to the ?ring means and 
to the combustion chamber at distributed posi 
tions, inclined‘ nozzles fed by the steam heating 
tubes and so directed through the combustion 
chamber wall at distributed positions as to aug 
ment the whirling action initiated by the ?ring 
means, and a gas mixing combustion chamber 
outlet of venturi-like construction involving sim 
ilar steam heating wall tubesand a similarly: in 
clined steam nozzle. 

6. In a gas turbine combustor for the genera 
tion of gases under pressure, hollow cylindrical 
combustion chamber wall means including con 
tiguous wall tubes normally'having steam ?owing 
therethrough, the wall means also including me 
tallic extended surface elementssecuredin good 
heat transfer relationship to the tubes and pro, 
jecting from the combustion chamber sides of the 
tubes, high temperature refractory material cov 
ering the sides of the tubes toward the combus 
tion chamber face of the wall means, burner 
means ?ring the combustion chamber with a 
whirling motion of the combustion elements, a 
metallic pressure resistant cylindrical casing en 
closing the combustion chamber and spaced out 
wardly. therefrom to provide an intervening com 
bustion chamber encompassing space, second hol 
low cylindrical wall means including similar- wall 
tubes normally having steam ?owing there 
through, said second wall means being disposed 
at a position intermediate the ?rst wall means 
and the casing and dividing said space into two 
combustion chamber enveloping spaces, ?rst ?r 
ing means including a device imparting a whirl 
ing motion to the gases within the combustion 
chamber, angularly directed steam nozzles fed by 
said tubes and directed through‘ the combustion 
chamber wall so as to augment the whirling mo 
tion of thegases within the combustion chamber 
by their angular jets, and means normally‘direct 
ing the flow of a gaseous cooling medium to said 
spaces and from said spaces to the ?ring means 
and to the combustion chamber at distributed 
positions. 

'7. In a gas turbine combustor forthe genera 
tion of gases under pressure, wall means de?ning 
a combustion chamber of hollow cylindrical shape, 
burner, means ?ring the combustion chamber at 
one end thereof with a whirling motion of, the 
combustion elements, a metallic pressure resist 
ant cylindrical casing enclosing the combustion 
chamber and spaced outwardly therefrom to pro 
vide a. substantially annular space for, av gaseous 
combustion supporting medium, means normally 
directing a'flow ofgaseous combustion supporting 
mediumto said space and to the firing‘ means, 
means forming a combustion chamber outlet at 
the end of the combustion chamber opposite the 
?ring means, substantiallycircumferentially and 
helically directed nozzle means distributed over 
the length of the combustion chamber and ex 
tending through‘ its wall and arranged tolclirect 
jets of- a gaseous cooling, mediumv substantially 
helically of the combustion chamber and toward 
the combustion chamber, gas outlet, means for 
supplying said, nozzle means with the; gaseous 
cooling mediumunder pressure, the temperature 
of said medium supplied‘to the nozzle means being 
substantially: less. than the-temperature or the 
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combustion elements igniting in front of the ?r 
ing means, said combustion chamber wall means 
being formed with openings distributed over the 
area of the wall means and directing the. gaseous 
combustion supporting medium from said annular 
space somewhat helically and toward the combus 
tion chamber outlet. . 

RONALD ERNEST ZOLLER. 
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