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A 
Combustion apparatus for a gas turbine engine which 

is made smaller and lighter than prior art devices by 
eliminating the conventional diluent section and introduc- 
ing diluent air into the gas stream through the guide vanes. 

Origin of the invention 
The invention described herein was made in the per- 

formance of work under a NASA contract and is subject 
to the provisions of Sections 305 of the National Aero- 
nautics and Space Act of 1958, Public Law 85-568 (72 
Stat. 435; 42 U.S.C. 2457). 

Background of the invention 
This invention relates to gas turbine engines and is 

particularly directed to an improved combustion unit for 
such engines. More particularly the invention is directed 
to the provision of a new and improved combustion unit 
for gas turbine engines which unit is substantially smaller 
and lighter in weight than prior such combustion units. 

Combustion units for a gas turbine engine generally 
comprise a primary combustion zone and a diluent or 
mixing zone. In the primary combustion zone the fuel is 
mixed with sufficient air to form at least approximately 
a stoichiometric mixture. This primary combustion zone 
is provided so as to obtain stable and efficient combustion. 
The temperature of the combustion gases, however, is 
much too high for direct application to  a turbine. The 
function of the diluent or mixing zone is to add sufficient 
excess air to the combustion gases to reduce their tem- 
perature to a value compatible with the structural limita- 
tions of the turbine nozzle guide vanes and the turbine 
rotor blades. The quantity of excess or diluent air used 
depends, therefore, on the desired delivery temperature of 
the combustion gases to the turbine, less diluent air being 
required as the desired gas temperature increases. In a 
particular aircraft gas turbine engine the diluent air may 
be as much as 75% of the total air flow through the gas 
turbine combustion unit. With modern gas turbine en- 
gines presently being designed for aircraft use and having 
improved turbine blades capable of withstanding higher 
combustion gas temperatures, 'for example, of the order of 
magnitude of 2500" F., the required diluent air may only 
be approximately 50% of the total air flow. It is con- 
templated that even with further improvements in high 
temperaure performance of turbine blades, the required 
diluent air will still constitute a t  least 40% of the total 
air flow. 

In such prior art combustion units for gas turbine en- 
gines, the walls of the combustion unit are protected from 
the temperature gases by liner members which are cooled 
by air flow. These liner members are provided with open- 
ings or holes for introducing the diluent air into the pri- 
mary combustion gases. Patent No. 2,884,759 is an ex- 
ample of such a prior construction. 

The diluent air should be thoroughly mixed with the 
primary combustion gases so as to obtain a substantially 
uniform temperature of the resulting gases both circum- 

ferentialIy and radially thereby avoiding IocaIized regions 
of excessive temperatures in the combustion gases. Such 
thorough mixing, however, has been difficult to achieve. 
In order to achieve substantially uniform mixing of the 
diluent air with the primary combustion gases the diluent ' section of said prior art combustion units had to be 
made quite long, for example, more than 70% of the total 
length of the combustion unit. 

In order to direct the combustion gases to the turbine 
rotor blades for driving the turbine rotor, the downstream 
end of the combustion unit is provided with circumfer- 
entially-spaced turbine nozzle guide vanes. In accordance 
with the present invention these guide vanes are utilized 
for introducing the diluent air into the primary combus- 

15 tion gases. For this purpose the turbine nozzle guide vanes 
are moved upstream so that their leading edges are sub- 
stantially at the downstream end of the primary com- 
bustion zone. In addition these vanes are provided with 
substantially increased chordwise width and all or sub- 

20 stantially all the diluent air is introduced through said 
vanes and then from holes in the vanes into the intervane 
passages. The arrangement is such that these guide vanes 
extend over the entire length of the diluent zone of the 
combustion unit. 

An object of the invention therefore comprises the pro- 
vision of a gas turbine combustion unit in which turbine 
nozzle guide vanes are utilized 'for introducing substan- 
tially all of the diluent air into the combustion gases. 

It is recognized that cooling air has in the past been in- 
30 troduced into the turbine nozzle guide vanes and from 

which said air has discharged into the cornbustion gases. 
In the prior art however such air flow through the nozzle 
guide vanes has onIy been for the purpose of cooling said 
guide vanes and not for cooling the combustion gases and, 

35 therefore, has constituted only a very small percentage of 
the total air supply to the combustion gases, for example, 
of the order of 3%. With the present invention, however, 
substantially all the diluent air for the combustion gases 
is introduced through the turbine nozzle guide vanes. 

Other objects of the invention will become apparent 
upon reading the annexed detail description in connection 
with the drawing in which: 
FIG. 1 is a diagrammatic view of a gas turbine engine 

embodying the invention; 
FIG. 2 is an enlarged view illustrating the combustion 

unit portion of FIG. 1; 
FIGS. 3 and 4 are sectional views taken along lines 

3-3 and 4-4 respectively of FIG. 2; 
FIG. 5 is an enlarged view of the nozzle guide vane 

FIGS. 6 and 7 are end views taken dong lines 6-6 
and 7-7 respectively of FIG. 5; 

FIG. 8 is a sectional view taken along line 5-5 of 
FIG. 5; 

FIG. 9 is a view similar to the guide vane portion of 
FIG. 3 but illustrating a modified construction; 

FIG. 10 is a partial view of the nozzle guide vane 
portion of FIG. 2 and illustrating a further modifica- 
tion; 

FIG. 11 is a view similar to FIG. 2 but illustrating a 
modified combustion unit, FIG. 11  being taken along 
line 11-11 of FIG. 12; 

FIG. 12 is a developed view taken along line 12-12 
of FIG. 11; and 

FIGS. 13 and 14 are sectional views taken along lines 
13-13 and 14-14 respectively of FIG. 11. 

Referring to  the drawing, particularly to FIGS. 1-8, 
a gas turbine engine is schematically indicated by refer- 
ence numeral BO as comprising a duct-like housing 12 
having an air compressor I4 journalled within said hous- 
ing adjacent to its forward or upstream end. The air 
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compressor 14 receives air through an annular air inlet The combustion chamber liners 34 and 36 preferably 
16 and delivers compressed air to the combustion unit have a segmented construction consisting of a plurality 
18. of annular overlapping cylindrical segments having 

Within the combustion unit 18 air is burned with fuel spaces therebetween providing passages 60 for air flow 
and the resulting combustion gases are directed by nozzle therethrough from the annular spaces 40 and 42. The air 
guide vanes 20 at the downstream end of the combustion ’ flowing through each passage 60 enters the combustion 
unit to the rotor blades 22 of a Lurbine rotor 24 for chamber 38 and flows over the inner combustion cham- 
driving said rotor. That is, the guide vanes 20 turn the ber surface of the combustion chamber liner segment 
combustion gases circumferentially about the engine axis downstream of said passage 60 to provide a film of cool- 
so that said gases have a component in the direction of ing air over said inner surface. Aforementioned Patent 
rotation of the turbine rotor blades 22. Considerable air 2,884,753 describes such a construction in more detail. 
in excess of that required for combustion of the fuel is In order to reduce the temperature of the combustion 
introduced into the combustion unit for lowering the gases to a temperature within which the turbine stator 
temperature of the gases to a temperature a t  which the guide vanes and rotor blades can operate, excess air or 
guide vanes 20 and rotor blades 22 are capable of 15 diluent air is introduced into the combustion chamber. In 
operating. prior art combustion chambers for gas turbine engines 

A shaft 26 drivably connects the turbine rotor 24 with and as illustrated in said prior Patent 2,884,759, relatively 
the air compressor 14. From the turbine blades 22 the large holes or openings are provided in the downstream 
combustion gases discharge rearwardly into the surround- sections of the combustion chamber liners in order to add 
ing atmosphere through an exhaust nozzle 28 whereby 21-3 a substantial quantity of excess air to the combustion 
the gas turbine engine is provided with forward propul- gas SO as to cool the combustion gases bcfore they reach 
sive thrust. the turbine nozzle guide vanes at the downstream end of 

The combustion unit 18 is illustrated as comprising the combustion chamber. AS already noted, the percentage 
annular inner and outer walls 30 and 32 and an inner of such excess air will be at least 40% of the total air 
annular liner 34 for the inner wall 30 and an outer an- 25 supplied to the combustion chamber and may even be as 
nular liner 36 for the outer wall 32. n e  liners 34 and high as 75% depending on the extent to which it is de- 
36 form an annular space 38 therebetween which con- sired to cool the combustion gases. With the excess air 
stitutes the combustion chamber of tlie unit. The inner introduced at the inner and outer liners of the combustion 
liner 34 is spaced from the inner wall 30 of the coni- chamber in the manner of the prior art the diluent or 
bustion unit to form the annular space 40 to which cool- 30 mixing section of the combustion chamber had to be quite 
ing air is supplied as hereinafter described. Similarly, the long in order to provide adequate time for substantial 
outer liner 36 is spaced from the outer wall 32 to leave mixing of the excess air wiih the combustion gases before 
an annular space 42 to which cooling air is likewise the gases reach the turbine nozzle guide vanes. Obviously, 
supplied, The gas turbine structure SO far described is if this lnixing is not complete the temperature of the 
conventional. 35 combustion gases will not be uniform, with the result that 

The upstream end of the combustion chamber 38 is the hotter regions of the combustion gases will be above 
closed by a transverse wall or air baffle 44 disposed the desired average temperatures and may damage the 
thereacross. A plurality of open-ended spaced fuel tubes turbine nozzle guide vanes and turbine rotor blades. 
46 extend through the wall 44, said tubes extending in In accordnace with present invention, instead of a sepa- 
an axial downstream direction from the wall 44 with 4 0  rate diluent or exwss air mixing region for the combus- 
the downstream end of each tube being bent back on tion chamber and a separate region for the turbine nozzle 
itself so that each tube 46 has a I-shaped configuration. gnide vanes, the diluent and nozzle guide vanes are com- 

Fuel is discharged into the open upstream end of each bined into a single section of the combustion chamber 38. 
fuel tube 46 from a fuel supply line 48 as schematically Thus as best seen in FIG. 2 the turbine nozzle guide vanes 
indicated by the fuel connections 50. In addition a por- 45 20 are made much wider in a chordwise direction than 
tion of the air supplied by the compressor 14 flows into the Conventional guide vanes and the leading edge of the 
the open upstream end of each fuel tube 46 and thence guide vanes 20 is moved upstream to the downstream 
through the fuel tubes, said air carrying the fuel along end of the Primary combustion region 39 of the combus- 
with it. The air and fuel are discharged into the corn- tion chamber 38 whereby the intervane passages con- 
bustion chamber 38 in an upstream direction from the 50 s t h t e  substantially the entire mixing or diluent region 39 
discharge ends of the J-shaped fuel tubes 46. Additional of the combustion chamber. In a conventional turbine 
air flows into the combustion chamber 38 through the nozzle guide vane the chordwise dimension of the vane, 
wall 44 through cup-shaped baffle members 52 disposed that is its width from its leading edge to its trailing edge, 
over openings in the transverse wall 44 with each of said is substantially less than the length of the vane. With the 
cup-shaped members having side holes 54 and an end 55 turbine nozzle guide vanes 20 of the present invention 
slot 56. The air and fuel discharging from the tubes 46 however each said vane has a chordwise dimension which 
form a combustible mixture along with the air discharg- Preferably is greater than its length, that is said chordwise 
ing from the cup-shaped baffle members 52, which mix- dimension of a vane 20 is greater than its radial dimension 
ture is ignited in the combustion chamber 38 by suitable between the combustion chamber liners 34 and 36. Said 
igniting means indicated at 58. 60 chordwise dimension of each vane 20 actually is greater 

The combustion chamber 38 formed between the than one-third of the total length of the combustion 
liners 34 and 36 may be considered as comprising a ps- chamber from its UPstreani wall 44 to its downstream 
mary combustion region 37 and a diluent region 39. end. That is, said chordwise dimension of each vane 28 is 
In the primary combustion region 37 the fuel& mixture at least equal to of the length of the combustion 
is essentially stoichiometric and this is a relatively 65 upstrea1n 
sheltered region to provide for stable combustion therein. Each guide vane has an airfoil-like profile and has a 
The fuel-air ratio of the mixture in the primmy corn- hollow Construction which is open at one or both ends for 
bustion region 39 will vary somewhat depending on the air flow therein from the adjacent annular space 40 or 42 
power output of the engine. Heat from the burning and *hen out through the airfoil skin surface 43 of the 
gases in the primary combustion region Serves to pre- 70 vanes into the intervane passages or diluent region 39. 
heat the fuel supplied through the fuel tubes 46 y d  to For this Purpose each vane 20 has a series of relatively 
at least partially vaporize the fuel in these tubes. For large holes 62 on each side in the portion of its airfoil 
this latter reason said tubes are known as fuel vaporizing surface 43 and disposed adjacent to and along its leading 
tubes although the primary function of said tubes is to edge for discharging air across the intervane passages 39 
pr,eheat the fuel. 75 for mixing of said air with the combustion gases from a e  
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primary combustion region. In addition the skin surfaces 
43 of the vanes are provided with a porous construction 
to  provide for air to bleed or flow outwardly through the 
pores of said surface. For providing this porous construc- 
tion the surface 43 of the vanes 20 may have a wire mesh 
construction to permit air to flow outwardly through the 
fine pores of said mesh. 

Because the excess or diluent air is introduced into the 
combustion gases in a shorter combustion chamber space. 
radial width of the combustion chamber rather than only 
at the combustion chambcr liners, the present invention 
provides a more thorough mixing of the diluent air and 
combustion gases in a shorter combustion chamber space. 
In addition the degree of dilution can be varied radially 
across the combustion chamber by appropriate radial dis- 
tribution of the size and number of the guide vane holes 
62 radially across the guide vanes 20. In this way the 
desired temperature distribution of the combustion gases 
radially across the combustion chamber can be obtained 
thereby providing the desired radial temperature distri- 
bution at the turbine rotor blades. The combustion cham- 
ber is further shortened because the vanes 20 now have 
a dual function in that they function both to provide the 
diluent region 39 of the comibustion chamber 38 and in 
addition said vanes provide the nozzle guide vanes for 
directing the combustion gases into the tarbine rotor 
blades 22. 
In the preferred construction of the invention a!1 the 

diluent air supplied through the guide vanes 26 is intro- 
duced into the radially inner end of said vanes from the 
annular space 46). In order to make sure that the desired 
percentage of air reaches the inner end of the vanes 20 a 
suitable annular baffle member 64 is disposed in the air 
flow path 66 upstream of the combustion unit to divide 
this path into radially inner and outer anndar paths 65 
and 67. If for example about 55% of the air is to  be 
supplied to the guide vanes 20 for flow therethrough and 
if about 5% of the air is to flow through the liner pas- 
sages 60 in the inner liner member 34 then the baffle 
member 64 is disposed in the compressor air flow passage 
66 at the upstream side of the combustion unit so as to 
divert 60% of the compressor air through the radially 
inner portion 65 of the annular passage 66 and from 
which said air flows into the annular space 40. Then by 
properly proportioning the size of the inner liner passages 
60 and :he effective size of the passages provided by the 
vanes 20 the air supplied to the annular space 40 can be 
divided so that of the 60% of the total air supplied to the 
annular space 40 one-twelfth (5% of the total air supply) 
flows through the inner liner passages 60 to film cool said 
inner liner 34 and eleven-twelfths or 55% of the total 
air supply flows through the guide vanes 20 and the guide 
vane shrouds (hereinafter described) into the intervane 
passages 39 to dilute and cool the combustion gases. The 
remaining or 40% of the total air supply is supplied 
through the radially outer passage 67 and of this air about 
35% flows through the fuel tubes 46 and baffles 52 to 
provide the primary air for combustion and the remaining 
5% flows through the outer liner passages 60 to film cool 
the outer liner 36. 

The preferred construction of each guide vane 20 is 
illustrated in FIGS. 5-8. As there illustrated each guide 
vane 20 has an inner shroud section 70 and an outer 
shroud section 72. The shroud sections of adjacent vanes 
20 abut each other circumferentially to form complete 
inner and outer annular shroud structures for the vanes 
20 as illustrated. Each inner shroud section 70 has a 
hollow construction with the inner wall of said section 
having a porous construction formed, for exan?ple, by 
means of fine wire mesh material 74. The hollow interior 
of the portion of each inner shroud section 70 projeciing 
circumferentially beyond its vane 28 is divided by ribs 
into a plurality of compartments 76 having holes 78 for 
the supply of air thereinto from the inner annular space 
40. In this way air from the inner annular space 40 enters 

the inner shroud compartments 76 and discharges there- 
from through the porous inner liner 74 for cooling said 
liner. The liner portions 74 of the inner shrouds 70 form 
continuations of the inner liner 34 of the combustion 
chamber. 

Each outer shroud section 72 has a similar hollow con- 
struction. Thus the hollow outer shroud sections 72 each 
has a porous inner liner 80 and the hollow interior por- 
tion of each outer shroud section projecting circumfer- 
entially beyond its vane 20 is divided into a plurality of 
compartments 82 having holes 84 for the supply of air 
thereinto from the hollow interior 92 (hereinafter de- 
scribed) of the associated vane 20. Thus air enters each 
of the compartments 82 through the openings 84 and 

15 discharges from the porous liners 80 for the outer shrouds 
72 thereby cooling said liners. The liners 80 for outer 
vane shouds 72 form a continuation of the outer liner 
36 of the combustion chamber. 

The shroud holes 78 and 84 are sized so that only 
20 about 5% of the total air supply flows into the shroud 

compartments 76 and 82 for cooling the associated shroud 
liners 74 and 80 respectively. 

The airfoil section of each guide vane 20 is formed 
rigid with its outer shroud section 72 and has a tele. 

25 scopic sliding fit with an opening 86 in its inner shroud 
76) to permit thermal expansion acd contraction of the 
airfoil section of each guide vane relative to its inner 
shroud 70. As il!ustrated the airfoil section of each guide 
vane 20 is hollow and open at its radially inner end for 

30 the supply of air thereto. The airfoil section of each 
guide vane 28 consists of a strut 88 which is integral 
with its outer shroud 92, said strut having external ribs 
90 running lengthwise of the strut and over which the 
porous airfoil surface 43 of the vane is secnred. With this 

35 arrangement longitudinal channels are formed between 
the radial or lengthwise extending ribs 90 of each guide 
vane 20, said channels forming the hollow interior of 
said guide vane and opening to the inner annular space 
40 through the shroud opening 86 at the radially inner 

I , !  end of the guide vane. Each strut 88 is illustrated in 
FIGS. 5-8 as having a hollow interior 92 for reducing its 
weight and, in order to increase the air supply to the 
vane surface openings 62, openings 94 are provided in 
the strut 90 for supplying air from the interior of the 

45 hollow strut to the strut longitudinal chacnel with which 
the surface openings 62 communicate. 

With the foregoing structure of FIGS. 5-8 all the 
diluent air supplied through the airfoil sections of the 
guide vanes 20 into the diluent combustion chamber sec- 

50 tion or intervane passages 39 enters said vanes at their 
radially inner ends through the openings 86. A substan- 
tial portion of this air discharges through the radial line 
of holes 62 in the surface of each guide vane 20 ad- 
jacent the vane leading edge and the remainder through 

58 the porous skin of said vane. Although only a single 
line of holes 62 has been illustrated on each surface of 
each guide vane 20, it is obvious that more than one 
radial line of such holes may be provided in each sur- 
face of the guide vanes 20. 
In FIG. 3 each vane strut 88 is not illustrated as hav- 

ing a hollow interior 92 because of the reduced scale 
of FIG. 3. Obviously if desired however the struts 90 
of each guide vane 20 may be made solid as illustrated 
in FIG. 3. 

Supplying all the diluent air to the vanes 20 from the 
radially inner ends of said vanes has certah advantages 
as compared to an arrangement in which some or all of 
said diluent air is supplied from the radially outer ends 
of said vanes. Thus the fuel supply line 48 and fuel con- 

70 nections 50 and the ignitor 58 provide obstructions to 
the air supply to  the outer annular space 42 which could 
result in a non-uniform air flow distribution around the 
annular space 42. Such a non-uniform air flow in the 
outer annular space 42 could lead to a non-uniform dis- 

75 tribution of the diluent air in the vanes 20 if some or all 

60 

65 
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of said air were supplied to the vanes 20 from the outer ing of the J-shaped fuel vaporizer tubes 46 and Primary 
annular space 42. It should also be noted that since the air baffles 52. 
air flowing through and supplied by the compressor 14 FIG. 3 is a view similar to a portion of PIG. 3 and the 
has a substantial circumferential velocity component, parts of FIG. 9 have been designated by the Same refer- 
solid particles or other foreign matter in the compres- ence numerals but with a subscript a added thereto as the 
sor, air will tend to accumulate in the radially outer por- corresponding parts of FIG. 3. In FIG. 9 the nose portion 
tion 67 of the compressor air flow. The bafAe member of the airfoil surface 43n of each vane 20a still has a 
64 serves to divert the radially inner portion 65 of the porous skin surface. In addition to and/or in lieu of the 
compressor air to the inner annular space 40. Therefore, holes 62 the remaining portion of the airfoil surface 4 3 ~  
the radially inner annular space 40 will be relatively free I o  of each vane 2Qa has a series of slots 110 spaced from the 
of solid foreign particles as compared to  the radially outer nose to the trailing edge and running radially substantially 
annular space 42. If, as illustrated, the vanes 20 and their the entire length of each vane 20a. With this arrange- 
shrouds 70 and 72 have a skin surface formed with mi- ment the air flowing into the hollow interior of each vane 
nute openings therethrough, as by a fine wire mesh, it is 20a discharges in part through the porous nose of the 
important that only clean air be supplied to the vanes 20 13 vane and in part through its slots 110 into the intervane 
and shrouds 70 and 72 for flow through said minute passages 39a. The modification of FIG. 9 is otherwise like 
openings in order to avoid said openings from becoming that of FIG. 3. 
clogged. For these reasons it is preferred to supply all FIG. 10 is a still further modification of FIGS. 2 and 3 
the air to the vanes 20 and their shrouds 70 and 72 from and the parts of this modification have been designated by 
the inner annular space 40 at the radially inner ends of 20 the same reference numerals but with a subscript b added 
said vanes. thereto as the corresponding parts of FIGS. 2 and 3. In 

In the prior art combustion apparatus construction in FIG. 10 the portion of the inner and outer liner mem- 
which the turbine nozzle guide vanes are disposed down- bers 34b and 36b immediately upstream of the leading 
streani of the diluent region of the combustion chamber, edges of the varies 20b are provided with holes 112 for 
it is known to provide a cooling air flow through the 25 introducing some of the diluent air into the intervane 
guide vanes solely for coolii>g said vanes. In such a prior passages 3% immediately upstream of and axially in line 
art construction the magnitude of the cooling air flow with the vanes 206 as a means of blanketing or shrouding 
is of the order of magnitude of 3% of the total air the vanes 20b with relatively cool air. The remaining 
supplied to the combustion apparatus. In the piesent portion of the diluent air is introduced into the vanes 20b 
invention however the air supplied to the guide vanes has 30 and then out through the airfoil surface of said vanes into 
the primary function of diluting the combustion gases the intervane passages 39b as in FIGS. 2 and 3. FIG. 10 
and as such constitutes 40-75% of the total air supply also illustrates a further modification in that in FIG. 10 
to  the combustion chamber. With this relatively large the radial length of each guide vane 20b is greater at its 
percentage of air flowing through the turbine nozzle leading edge than at its trailing edge whereas in FIG. 2 
guide vanes this air flow is considerably more than ade- 33 the radial dimension of each guide vane 20 is constant 
quate for cooling said vanes. Because the air flow through from its leading edge to its trailing edge. 
the guide vanes 20 is many times more than is required The invention has been illustrated and described in 
to cool said vanes, uneven temperature distribution in connection with an annular cornbustion unit construction 
the primary combustion gases approaching the guide in which the combustion chamber 38 is formed by 
vanes can to a substantial extent be ignored in the struc- 40 radially-spaced annular liner members 34 and 36. An- 
tural design of these vanes. Any circumferential non- other conventional type of combustion unit invention 
uniformity of the temperature of the gases is averaged consists cf a number of can-type combustion chamber 
out by the rotor blades. This relative insensitivity of the elements disposed in an annular configuration for supply- 
combustion unit of the invention to non-uniform tern- ing combustion gases to the turbine rotor blades. U.S. 
perature distributions permits further shortening of the 45 Patent No. 2,625,011 is an example of this latter type 
combustion chamber. of combustion unit. The invention is obviously equally 

The use of a fuel vaporizing sYsten1, for exaniple such as applicable to this latter type of combustion unit and 
illustrated, is particularly advantageous with the present such an embodiment of the invention is illustrated in 
invention because in such a systcin fuel is introduced into FIGS. 11-14 and the parts of FIGS. 11-14 corresponding 
the combustion chamber at a relatively large number of to the parts of FIGS. 1-8 have been designated by the 
points. It is desirable that the number of fuel tubes 46 same reference numeral but with a subscript c added 
for introducing fuel into the combustion chamber 38 be thereto. 
related to the number of guide vanes 20 so that each inter- In FIGS. 11-14 the combustion unit 18c has inner and 
Vane Passage 39 has the Same number of fuel tubes 46 outer annular walls 34c and 36c which as in the modifica- 
upstream therefrom. Such an arrangement will result in 5;i tion of FIGS. 1-8 form a continuation of the annular 
a substantially similar average temperature of the com- discharge passage of the engine compressor. A plurality 
bustion gases entering each intervane passage 39 from the of circumferentially-spaced can-type combuseion cham- 
primary combustion region 37. Thus as illustrated there ber liner members 120 are mounted in the annular space 
are the same number Of radial pairs of fuel tubes 46 as 522 between said annular walls 34c and 3 6 ~ .  The corn- 
there are vanes 20. The combination diluent combustion 6o bustion chamber liner members form individual corn- 
chamber region and stator guide vane construction Of the biistion chambers 124 instead of a single annular 
present invention obviously however can also be used combustion chamber 38 as in FIGS. 1-8. At the upstream 
with a combustion unit in which the fuel is introduced by or primary combustion region 125 of each combustion 
fuel spray discharge nozzles instead of through fuel chamber 124 the liner members 120 have a cylindrical 
vaporizing tubes as herein illustrated. The number of '.' configuration and consist of overlapping cylindrical sec- 
such nozzles and number of guide vanes 20 preferably tions providing annular openings or slots 126 for air flow 
also should be related so that one is a whole number therethrough to cool the liner member. The upstream end 
multiple of the other SO that the gases entering the inter- of each combustion chamber is closed by a transverse wall 
vane passages 39 have substantially the same average 128 on which the fuel vaporizer tubes 46c and cuplike 
temperature. '" air baffle members 52c are mounted for supplying fuel 

It should be noted that although the present invention and primary air to  each combustion chamber 124 in a 
is particularly suited for use with a fuel vaporizing type manner similar to that described in connection with 
of burner structure it is not limited to use with the FIGS. 1-8. The arrangement of the fuel vaporizing tubes 
specific fuel vaporize burner structure illustrated, consist- 75 46c and cup-like air baffle members 52c have been shown 
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similar to that illustrated in prior Patent 2,625,011 and 
therefore, these details of the burner structure form no 
part of the present invention. 

Air from the engine compressor is supplied from the 
compressor outlet 66c to the annular space 122 of the 
combustion unit. Some of this air enters each combustion 
chamber 124 through the fuel tube 46c and cup-shaped 
air baffles 52c to provide the primary air for combustion. 

preferred embodiment, it  will be understood that various 
changes and modificaitons may be made by one skilled 
in the art without departing from the scope of the in- 
vention. It is intended to cover all such modifications in 
the appended claims. 

What is claimed is: 
1. h combustion unit for a gas turbine engine, said com- 

bustion unit comprising: 
The remainder of the compressor air flows around the 
combustion chamber liner members and some flows 
through the slots 126 to film cool the inner surface of said 
liner members and the remainder of the air enters the 
diluent region 130 of each combustion chamber to cool 
the combustion gases. 

The diluent region 130 of each combustion chamber lj 
124 is formed by a tubular structure 132 having a circular 
upstream end which is fitted at 134 to  the downstream 
end of the cornsbustion chamber liner for the primary 
combustion region. As shown in FIGS. 11-14 the cross- 
section of each tubular diluent structure changes from 20 
a circular cross-section at its upstream end to a rectangular 
section at  its downstream end. The rectangular sections 
of the tubular dihent striictures 132 of the combustion 
uniis are disposed in circumferentially-spaced side-by-side 
relation to form a substantially complete annular diluent 25 
region structure so that the circumferentially-spaced walls 
138 of said rectangular sections form the circumieren- 
tially-spaced walls of the circumferentially-spaced passages 
which comprise the individual diluent regions I30 of the 
combustion chambers 124. The circumferentially-spaced 30 
walls 138 of said rectangular combustion chamber sec- 
tions extend radially across the annular structure of the 
diluent region 130 and they have a helical-type configura- 
tion about the combustion unit axis for turnine the com- 

(a)  inner and outer annular walls providing an annular 
combustion gas chamber therebetween, said inner 
annular wall defining a dilution air chamber; 

(b) means disposed upsiream of said gas chamber fm 
dividing air delivered by the compressor into a radi- 
ally outer air flow and a radially inner air flow and 
for directing said radially inner air flow into said 
dilution air chamber; 

(c) means for vaporizing fuel and for introducing said 
vaporized fuel and air from said radially outer flow 
into the upstream end of said annular combustion 
chamber for combustion therein; 

(d) a plurality of circumferentially-spaced vanes hav- 
ing airfoil-shaped portions extending radially across 
said annular combustion chamber adjacent to  the 
downstream end thereof for guiding the combustion 
gases as they discharge from the combustion unit, 
each of said vanes having a hollow interior communi- 
cating with said dilution air chamber and having 
openings in its vane airfoil portion; and 

( e )  means for directing into the hollow interior of said 
vanes substantially all the air for diluting the com- 
bustion gases, said air discharging from said vanes 
into the combustion gases thereby cooling said gases 
and also cooling said vanes. 

2. A combustion unit as claimed in claim 1 in which 
bustion gases circumferentially in the direction if rotation 35 the 'fuel vaporizing and introducing means consists of a 
of the turbine rotor blades 22c. Thus the circumferentially- plurality of circumferentially-spaced fuel vaporizing tubes 
spaced liner walls 6 3 3  of the rectangular diluent sections at the upstream end of said combustion chamber, each of 
of each combustion chamber form the guide vane structure said tubes being arranged to discharge vaporized fuel 
for directing the combustion gases into the turbine rotor and air in an upstream direction into said combustion 
blades 22c. The guide vane walls 138 of the rectangular 4) chamber, and in which the number of said vanes and the 
diluent section of each combustion chamber have a plural- number of said tubes are related so that one is a whole 
ity of relatively large openings 140 for admitting diluent number multiple of the other so that each intervane 
air into the combustion chamber for cooling the combus- passage is opposite the same number of fuel vaporizing 
tion gases. As in the previously described modifications tubes as any other intervane passage. 
this diluent air flow through the walls 138 comprises at 45 3. A combustion anit as claimed in claim 1, wherein 
least 40% of the total air flow supplied to the combustion said hollow vanes communicate at their radially inner 
unit. ends with said dilution air chamber. 

The modification of FIGS. 11-14 is similar to that of 4. A combustion unit as claimed in claim 1 in which 
FIGS. 1-8 in that in both embodiments of the invention said vanes are surrounded by inner and outer shrouds, 
the diluent section of the combustion unit comprises a plu- 50 said shrouds being permeable for transpiration cooling 
rality of circumferentially-spaced passages formed by cir- thereof, said inner shroud receiving cooling air from 
cum~ferentially-spaced walls (airfoil surfaces 43 in FIGS. said dilution air chamber and said outer shroud receiving 
1-8 and surfaces 138 in FIGS. 11-14) which turn the cooling air from said hollow vane interiors. 
combustion gas flow circumferentially so that said flow 
has a circumferential component in the direction of 55 References Cited 
rotation of the turbine rotor blades. In addition both said UNITED STATES PATENTS 
wall surfaces 143 and 138 for circumferentially-spaced 2,625,011 1/1953 Allen _ _ _ _ _ _ _ _ _ _ _ _ _ _  6e-39.14 
walls extending radially across the diluent region of the 2,884,759 5,1959 Xevcik _ _ _ _ _ _ _ _ _ _ _ _ _  6e-39.65 
combustion unit and through which the diluent or second- 3,316,714 511967 _ _ _ _ _ _ _ _ _ _ _ _ _ _  60-39.65 
ary air for the combustion unit is discharged into the com- Bo 
bustion gases. In both embodiments said circumferentially- 
spacefd diluent section surfaces 43 and 138 have a length 
as measured along the combustion unit axis which is at 
least one-third the total length of the combustion unit. 

Although the invention has been described above in a 
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