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The present invention relates to a combustion system 
and, more particularly, to a reverse ?ow combustion sys- ' 
tern adapted for use at the downstream or aft end of a 
gas turbine engine. 

Small gas turbine powerplants are are compact and 
that use a single reverse ?ow combustor at the downstream 
end of the powerplant are known and a typical powerplant 
is shown in US. Patent 2,553,867. Such engines use a 
single combustion chamber at the aft end of the power 
plant generally symmetrical about the longitudinal center 
line of the engine. Because of the location at the aft end 
of the powerplant the single combustor is of the reverse 
?ow type, and the combustor inlet from the upstream 
compressor and the combustor exit from the combustion 
zone to the turbine are concentric annular passages. Such 
engines are generally designed to be low cost, lightweight 
compact engines. In order to accomplish these objectives 
it is desirable to use low cost and easily formed materials 
as much as possible. In the combustion end of the engine 
it is necessary to have a predictable and uniform turbine 
inlet temperature distribution and highly advantageous to 
have a turbine inlet temperature pro?le which ensures 
that the turbine bucket roots are cool and the warmer 
temperatures occur at the tip of the turbine buckets. This 
temperature pro?le must be obtained of course at high 
combustion e?iciency, with low pressure loss and easy 
ignition in the combustion zone. It is then possible to 
take advantage of such a desirable temperature pro?le in 
the turbine design. By keeping the roots of the turbine 
buckets relatively cool it is possible to withstand higher 
root stresses and thus minimize bucket mass and associ 
ated disk loads. This allows increased bucket life for a 
given inlet temperature, or a higher inlet temperature for 
a given life. Additionally, the turbine inlet temperature 
must be uniform about the complete circumference of the 
turbine inlet. Thus, such design objectives require speci?c 
combustion systems for a given engine. 
The main object of the present invention is to ‘provide 

a reverse ?ow combustion system that is low cost, light 
weight and e?icient, and that maintains a temperature pro 
?le at the turbine inlet for better cooling of the roots of 

‘ the turbine buckets. 

Another object is to provide such a combustion system 
which, by means of dome cap geometry and particularly 
oriented dome louvers takes advantage of the natural flow 
of air into the combustor to achieve better combustion 
performance including stabilizing the ?ame where desired. 
A further object is to provide such a system which uses 

a centerbody member to direct exhaust to the turbine, to 
promote direct cooling of the turbine buckets, and provide 
better mixing of the hot combustion gases and the cooling 
air in the novel combustor. 

Brie?y stated, the invention provides a reverse flow 
combustion system including the combustor to be used 
on the aft end of a gas turbine engine next to the turbine 
which provides an annular air inlet circumterentially 
around the turbine and then funnels the air between a pair 
of conical-cylindrical members in an annular passage and 
directs a substantial percentage of the air into a combus 
tion zone through particularly oriented louvers whereupon 
it is reversed and flows forward and out an annular pas 
sage concentric with the inlet annular passage and to a 
point of exhaust. A centerbody is disposed in the com 
bustor chamber and is conical in shape, and the center 
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body is provided with a dome cap at its cone end for di 
recting air?ow to achieve cooling of the turbine roots. 
An ignition means is provided at a speci?c location where 
there is a locally rich mixture of the fuel and air., 
While the speci?cation concludes with claims particu-, 

larly pointing out and distinctly claiming the subject mat 
ter which is regarded‘ as the invention, it is believed the 
invention will be better understood from the following de-' 
scription taken in connection with the accompanying draw 
ing in which: 7 ' 

FIG.. 1 is a diagrammatic cross-sectional view of the 
combustion system; > I _ 

FIG. 2 is an end view of the dome closure; and 
FIG. 3 is a graphic illustration of the temperature pro 

?le ‘obtainable by the instant invention. 
Referring ?rst to FIG. 1, there is shown the reverse 

?ow combustion system of the instant invention which 
system includes a combustor and may be hung on the 
downstream end of a small gas turbine powerplant of the 
type shown in the above-mentioned patent. Only so much 
of the combustion system as is necessary for its under 
standing is shown and it will be understood that it may 
be applicable to a number of powerplant arrangements of 
the type shown in the above-mentioned patent. -Air from 
an upstream compressor source'is funneled into the com 
bustion system, and to the combustor generally indicated 
at 9 between a pair of concentric shells l0 and 11 to de?ne 
an annular air passage 12 around the outer periphery of a 
turbine 13 which,_in a powerplant of the type for which 
the instant‘ combustion system is adapted, will generally 
be mounted as shown. ' In order to get the air into the 
combustion zone, an outer combination conical-cylindrical 
casing 14, which is closed at its cone end 15, is secured to 
outer shell It} at ?ange 16 and an inner concentric combi 
nation conical-cylindrical liner 17 is secured to the inner. 
shell 11 by any suitable means such‘ as a sliding ?t 18. 
The inner liner is perforated at 19 for a selected length by 
suitable openings such as slots, holes, etc. which are well 
known. Preferably, plain holes as shown are used. For 
purposes that will be apparent as the description proceeds, 
liner 17 is closed at its cylindrical end by a double coni-a 
cal dome closure generally indicatedat 20. It will be 
noted that casing 14 and liner 17 are spaced aft in a sym 
metrical and axially aligned manner to form a coned 
and then cylindrical zone in a manner to provide a con 
tinuation 21 of annular air passage 12, and that such con 
tinuation decreaseslin cross-sectional area in the down 
stream direction to the cylindrical zone. It will be noted 
that the cone and cylinder shapes are low cost items to 
manufacture and provide straight passages for the ?ow of 
air to minimize area changes and reduce ?ow losses. Ad 
ditionally, the use of the combined cone-cylindrical shape 
provides the desired volume for fuel-air mixing and re 
quired combustion intensity. Further, the decreasing area 
in the conical portion of annular passage 21 maintains the 
air velocity substantially constant as the incoming air is 
fed into the liner. The constant section areagdue to the 
cylinder shape provides a plenum chamber eiiect-for maxi- - 
mum pressure drop across the linerrwall tointroduce the 
required mass of air with the required penetration into the 
primary combustion zone within the cylindrical part. 

In order to obtain good mixing and fuel distribution in 
the cornbustor, the double conical dome closure is im 
portant. It includes an inner cone 22 and an outer cone 
23. The outer cone is a continuation of the inner cone 
and opens out ?atter and away from the inner cone. 
This arrangement provides completely separate zones of 
air introduction whose desirability will be apparent. For 
providing initial air to mix with and further atomize the 
incoming fuel, the inner cone 22 is provided with a series 
of substantially radial louvers 24 extending around the 



I juncture that good ignition will occur. 

' \ pressor air. ‘ 

v‘pro?le across theturbine buckets, the centerbody is pro; 
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inner cone and angled to introduce air tangentially to the I 
inner surface of the cone as seenby the arrows in FIG.,2. I 
ThlS air tends to further break up the atomized'fuel in- . 
troduced by aniinjectorr 25 whose spray angle cone pattern 
is-adjusted to cornecloseto, but vnot impinge upon, the 
juncture-of the inner and outer cones. Thus, the fuel 
sprayis contained within the inner cone without striking’ 
it but ?lling it. In this vway’the'formation of droplets is 

: ;.avoided-while atomization is enhanced. _ ‘a ' 
‘Because the air entering by~louvers 24 tends ‘to flow 

Tor Ispin outward along the liner wallscarrying entrained 
fuel,rit is important to control this centrifuging action. 
To-this end, there is provided a second series =of-louvers 
26 in the outer cone 23. Control is obtained by orient 
ing thesemore'numerous louvers in an off radial direction 
as seen in FIG. 2., The air flow into louvers 26 is in 

i ‘ generally the same direction as louvers24 as seen -by the 
. arrows. Additionally theair is also introduced tangen 

tially as in louvers 24. However, because of the off ra 
edial orientation of louvers 26 located in cone- 23, the'air 
?ow also has a radial inward component of swirl to otf~ 
set the centrifuging action of the inner louvers and con 
?ne and mix the ?ow into the cylindrical combustion zone 
in a'core off the walls of the liner. Thus, the walls are 

> protected from the high combustion reaction temperature, I r 
as well as the deposit and breakdown of fuel thereon. _ 
~ Since therlintersectionvof the louvered ?ows creates a 
good recirculation and rich ,fuelpair mixture, it is-at this 

posed through the? dome member 15 and outercone 23 
between the louvers therein to ignite 'in this, preferred“ 
area. ' 

An ig'nitor- is dis- > p 
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’ essary, additional openings 36 canbe provided in the 
' centerbody.’ ' ‘ “ ' ' ' 

Referring next to FIG. 3, the radial temperature pro 
?le across a typical turbine inlet annulus is indicated by p 
the line 37 which shows a cool. tip and hot root port-ion. ' 
In accordance with’ the invention, there is shown a radial 
temperature pro?le 38‘ across a turbine inlet annulus. 
The average temperature is shown by line 39. By pro 
viding cooling air guided by the centerbody towards the 
root of the turbine buckets it is possible to, in effect,‘ tilt 
thegaverage temperature 39 to pro?le 38_providing a cool. 

' , er root portion'ewhich is ‘the highly stressed portion and: a 
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tage is ‘apparent. 
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The ?atter outer cone 23 in conjunction with its off i 
radial louvers 26 results in a strong ?ame stabilizer tend 
ing to hold or'anchor the flame in thefdome‘end of the 
cylindrical part'of the combustoriwhere'it is desired.I 

Further cooling of the combustor liner is obtained by 
constructing the combination conical-cylindrical‘ liner in 1 
a number of sections that are nested together as shown. 

; These sections are joined by spacing means such as ‘rib 
' bon strips 27 which de?ne air conduits 28 for the' passage ' 
,_ of air axially along the inner surface of the liner; These; 
strips may be bent’as shown at the junctionlof the cone 7‘ 

. and‘ cylindricalfparts of the liner. In addition to cooling , 
' the liner, the entering air furthers the combustion process 

- in the cylindrical part of the liner and, with the air enter 
ing holes 19 in the conical'portion, tends. to quench the 
?ame andreduce the temperature of the gases-approach 
ing turbine buckets 29. ’ ' V ' - V ' r ‘ r 

In order to direct the combustion gas smoothly intorthe 
turbine 13 and 'obtain the desired‘ temperature ‘pro?le 

l combustion zone ahead of'the turbine. . 
nopenalty in performance- even when a large, percentage > 

hotter vtip portion which is the low stressed portion. 
Thus, the turbine design is improved enabling a given ma 
terial to be used at higher turbine temperatures or, main 
taining the same temperature, to'minimize bucket weight ’ 
and the associated disk loads. In either case an advan-_ 

'If necessary or desirable, additional openings 4t) may be 
provided in cap 33 to cool the outer surface of the cap 
and mix with the hot core in the combustion zone. The 
closed forward portion of the centerbody may also be 
provided with openings 41 for use of cooling air at addi 

' tional points such as for turbine. wheel cooling or for 
oil sump seal pressurization; . V V I 

The use. of the centerbody permits use ‘of .the cooling 
air ?owing through annulus 34 in'the thermodynamic 
cycle. In other vwords, the coolingair is returned to the 

Thus, there is 

of the ‘total engine air?ow is‘passed‘ through the ;center 
body for cooling‘purposesQ Additionally, the'centerbody 
provides a convenient means for introducing cool air to 

‘ mix with‘the hot central’core of'gas in liner 11 to pro 
jrnote uniformity of'circumferential temperature pattern 

at the turbinerinlet. It will be apparent that‘some of the 
air ?owing along theouter surface of ‘centerbody 30 mixes , I 
with the hot core combustion gas and therefore penetraé 
tion of air’through openings 19 need not be as deep be? 
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acrossthe turbine buckets 29, a hollow cone-shaped cen- V 
terbody 30 is'provided. As shown, the centerbody is sup 

' ported centrally of'the combustion zone and extends axi-. 
ally into inner liner 17. Support of the centerbody is ob 
tained by connecting hollow turbine nozzles 31 witht'the 
liner concentric shell 11. The hollow nozzles and 'hol-‘ 
low centerbody permit air in ‘annular passage '12 to pass 

55 

also to the interior of the centerbody due to the pressure '7 
differential between the’ combustion zone and the com~ 

In order to obtain the desired temperature 

videdwith'an aperture means 32 in its cone. For guid 
ing the cooling air, a dome cap 33cups the end of the 

. cone of'centerbody 30 as shown and this provides an an 
nular air metering’ duct 34 completely around the cap. 

7 . Cap 33 is ‘supported by any suitable means '35 from the 
centerbody and arranged so that the area of the annular 
duct 34 is equal to or smaller than the area. of aperture 
32 in order to prevent aperture 32 being a’ limiting factor 
in the ?ow of metered cooling air. 
the cupping or overlapping arrangement of cap 33 permits 
the air, duct 34 to cool the cap and to direct airforwardly 
along the centerbody outer“ surface to cool the outer sur 
{face and‘ to, direct a cooling 
toward the root portions of turbine ‘buckets 29. I If nee; 

It can be‘ seen that 

.60 

?ow of air along the surface 7' 
75 

cause cool‘air is introduced from both s'ides—the center 
body side as well as the- liner, side. Thus, for mixing 

lower. ; _ . 

purposes, thepenetration of the‘ cool air may therefore be . 

It is to be noted ‘that-perforations 19'of increasing. area,‘ 
in liner 17 extend‘ substantially from the end 20 of the 
liner back to approximately the, upstream end of dome 
cap‘33' and that the remainder of the exit gas channel de- ' 

I ?ned by thecenterbody and ‘liner is unperforated. This 7 
is deliberately, providedin order to allow the temperature ‘ 
of the air at the walls to heat up su?iciently to maintain. 
the proper bucket pro?le. .In ' other words, excessive 
cooling air on the walls of the centerbody and the inner 
liner in the area 42,,would require much hotter air in the _ I 
central portion in order to obtain the desired average tem 
perature. This would produce a temperature pro?le l 
across the buckets as shown by dotted line 43 in FIG. 3.‘ ‘ 
Therefore it is desired to allow the exhaust‘ gas in the area 
42 to heat up the'air along the walls to obtain the desired 
temperature pro?le 38. ' ’ '7 V 7 

It can be seen that the conical-cylindrical shapes of the 
‘elements obtainl'the good air distribution and lightweight 
construction,"a'nd the, particular louver orienta'tioriinthe 
novel double dome closing permits the use of the natural 
inflow air pattern with good mixing and arprev'ention 
of carbon buildup. The centerbody with its dome cap 
permits control of the, temperature pro?le across the 
turbine buckets with no penalty in performance because 
of the return of the air to the cycle and, in addition, 
provides uniform temperature at thepturbine inlet as 
well as good mixing and lower required penetration 'of 
the cool liner air with the hot core of, gas. - 
While I have 'hereinbefore described a preferred form 

of my invention, obviously many modi?cations and varia- ‘ 
tions'of'thepresent invention are possible in the light of 1 
the above' teachings. It is therefore to be understood 
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that within the scope of the appended claims, the inven_ 
tion may be practiced otherwise than as speci?cally de 
scribed. I 

Iclaim: _ . 

1. A reverse flow combustion system adapted for use 
at the downstream end of a gas turbine engine adjacent 
the turbine, said system comprising: 

a pair of concentric shells de?ning an annular air pas 
sage around the turbine, 

an outer combination conical-cylindrical closed cas 
ing secured to the outer shell, 

an inner concentric combination conical-cylindrical and 
open-ended perforated liner secured to the inner 
shell, 

said casing and liner being symmetrically spaced to 
continue said annular air passage downstream, 

a double conical dome member closing the open end 
of said liner including an inner cone and a con 
tinuing outer cone opening away from said inner 
cone, 

a series of substantially radial louvers around said in 
ner cone, 

a second series of louvers in said outer cone oriented 
off radial to provide a component of ?ow radially 
inward of said liner, 

a fuel injector through said dome member, 
a hollow conical centerbody, 
hollow turbine nozzles connecting said centerbody 

and inner shell to support said centerbody spaced 
centrally of said liner and to conduct air to said 
centerbody, 

aperture means in the cone of the centerbody, 
and a dome cap supported on and spaced from said 

centerbody over said aperture to provide an an 
nular air metering duct to direct air forward along 
the centerbody surface. ' 

1'2. Apparatus as described in claim 1 wherein the in 
ner liner perforations extend from said open end to sub 
stantially the upstream end of said dome cap. 

3. Apparatus as decribed in claim 1 wherein ignition 
means is disposed through said dome member outer cone 
between the louvers of said second series. 

4. Apparatus as described in claim 1 wherein the area 
of said aperture is at least equal to the area of said an 
nular air metering duct and said dome cap overlaps said 
centerbody to guide air flow along the outer surface 
thereof. 

5. Apparatus as described in claim 1 wherein said inner 
conical-cylindrical liner consists of a plurality of nested 
sections spaced from one another by ribbon strips de?n 
ing air conduits connecting said annular air passage with 
the interior of said liner. ' 

6. A reverse flow combustion system adapted for use 
at the downstream end of a gas turbine engine adjacent 
the turbine, said system being symmetrical about the 
engine center line and comprising, 

a pair of spaced concentric generally conical members 
with their cones directed aft including, 

a ?rst outer combination conical-cylindrical closed cas 
ing secured to the outer shell, 

a second inner open~ended combination conical-cylin 
drical perforated liner connected to said inner shell, 

said casing and liner being symmetrically spaced to 
continue said annular air passage‘ downstream, 

a third inner hollow centerbody having an aperture in 
its cone, 

hollow nozzles connected to the inner shell and to said 
centerbody to support said centerbody spaced from 
and extending into the conical part of said inner liner 
and to conduct air to said centerbody, 

a double conical dome member closing the open end 
of said inner liner in the cylindrical part thereof, 

said dome member including an inner cone and a con 
tinuing outer cone opening away from said inner 
cone, . 
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a series of substantially radial louvers around said in-' 
ner cone, 

a second series of louvers in said outer cone oriented 
off radial to provide components of flow tangentially 
and radially inward of said liner for spiral ?ow 
therein away from said liner walls, 7 - 

a fuel injector through said dome member adapted to 
.spray fuel in a pattern within said inner cone, 

and a dome cap supported on and spaced from said 
centerbody over said aperture to provide an annular 
air metering duct to direct air forward along the 
centerbody surface. 

7. Apparatus as described in claim 6 wherein the inner 
liner perforations extend with increasing area from said 
open end to substantially the upstream end of said dome 
cap. 

8. Apparatus as described in claim 6‘ wherein ignition 
means is disposed through said dome member outer cone 
between the louvers of said second series. 

9. Apparatus as described in‘ claim 6 wherein the area 
of said aperture is at least equal to the area of said an~ 
nular air metering duct and said dome cap overlaps said, 
centerbody to guide air ?ow along the outer surface 
thereof. 

10. Apparatus as described in claim 6 wherein said 
inner conical-cylindrical liner consists of a plurality of 

' nested sections spaced from one another by ribbon strips 
de?ning air conduits connecting said annular air passage 
with the interior of said liner. 

11. A' combustor including an outer combination 
conical-cylindrical casing closed at one end, 

an inner concentric combination conical-cylindrical 
and open-ended perforated liner, 

said casing and liner being spaced apart to provide an 
annular air passage therebetween. ' 

a double conical dome member closing an open end 
of said liner at said one end, ' 

said dome member inciuding an inner cone nad a con 
tinuing outer cone opening away from said inner 
cone, 

:1 series of substantially radial ‘louvers around said 
inner cone, 

a second series of louvers in said outer cone oriented ' 
o? radial, ' 

and a fuel injector through said dome member, , 
whereby some air enters said liner through the radial 

louvers in said dome member for atomizing fuel 
and some .air enters said liner from said off radial 
louvers in a tangential and radially inward direction 
to create swirl and keep ‘fuel oil the liner wall. 

12. A combustor including an‘ outer combination 
conical-cylindrical casing closed at one end, 

an inner concentric combination conical-cylindrical 
and open-ended perforated liner, 

said casing and liner being spaced apart and symmet~ 
rical to provide an annular air passage therebetween 
reducing in cross-sectional area in the conical part 
and substantially constant in the cylindrical part, 

a double conical dome member closing an open end of 
said liner in the cylindrical part at said one end, 

' said dome member including an inner cone and a con 
tinuing outer cone opening away from said inner 
cone, 

a series of substantially radial louvers around said 
inner cone, 

a second series of louvers in said outer cone ‘oriented 
off radial to provide components of flow tangen— 
tially and radially inward of said liner for spiral 
?ow therein away fromsaid liner walls, 

a fuel injector through said dome member centrally 
thereof to spray a cone of fuel therein, 

said inner and outer cones containing said fuel spray 
without impingement thereon. 

(References on following page) 




