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ANNULAR DILUTION ZONE COMBUSTOR 

The invention disclosed and claimed herein was 
made in the course of work under a contract with the 
Department of Defense. 
My invention is directed to improvements in combus 

tion apparatus, particularly combustion apparatus of 
such characteristics as are required in gas turbine en 
gines. Most particularly, the invention is directed to 
combustion apparatus of a type in which a single com 
bustion liner discharges through the entire circumfer 
ence of an annular turbine entrance. 
One application of such combustion liners is in the 

well-known T63 turboshaft engine, widely applied in 
light helicopters. This invention was conceived in the 
course of work to improve the quality of the exhaust of 
such an engine; that is, to reduce the output of sub 
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stances regarded as atmospheric pollutants. The partic- ‘ 
ular-object of the work leading to this invention was to 
improve exhaust quality without changes in the dimen 
sions of the combustion liner which would require en 
largement of the engine combustion apparatus and thus 
add to the overall length of the power plant. 
The conventional approach in designing gas turbine 

combustion apparatus has been to secure efficient 
combustion; that is, substantially complete combustion 
while minimizing pressure drop, and while keeping the 
combustion apparatus as short as possible to minimize 
weight and improve installation characteristics of the 
gas turbine engine. This general consideration applies 
to engines of many types. Recent emphasis on reduc 
tion or elimination of substances such as particulates, 
unburned hydrocarbons, carbon monoxide, and oxides 
of nitrogen have led to reconsideration of the principles ' 
of combustor design. ' 

It has long been realized that a long combustion ap 
paratus may readily be made to burn more cleanly than 
a short one, and thus some approaches to improving 
the emission characteristics of gas turbine combustion 
chambers have led to quite substantial increases in 
combustion liner and combustion apparatus length. In 
crease in length of the combustion apparatus makes 
possible a longer combustion zone with greater resi 
dence time of the gases in the combustion zone, result 
ing in morev complete combustion of the fuel. 
Approaching this problem with a view to improving 

the exhaust quality while retaining the advantages of 
compact combustion apparatus and short overall en 
gine length, I have conceived of a combustion liner 
structure which provides a much increased length com 
bustion zone in the same overall length combustion 
liner while maintaining effective dilution of the com 
bustion products. It is, of course, necessary to dilute the I 
combustion products before they are admitted to the 
turbine to reduce the temperature of the motive ?uid. 
It is unfeasible to supply all the air initially to the com 
bustion zone, as this results in too low ,a fuel-air ratio 
for proper combustion; therefore standard combustors 
burn the fuel in part of the air (primary air) and then 
add dilution air down-stream. 
The principal objects of my invention are to improve 

the quality of exhaust of gas turbine engines, to provide 
a combustor having lower outputs of unburned hydro 
carbons and carbon monoxide than conventional com 
bustors, to provide a combustion liner of improved 
combustion characteristics having the same overall di 
mensions as a conventional liner for which it may be 
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substituted, to provide a combustion apparatus of short 
‘overall length with relatively great length of the com 
bustion zone and short length of the dilution zone, to 
provide a combustion apparatus having a liner with a 
circular cross section combustion zone and an annular 
cross section dilution zone, and in general to provide a 
combustion apparatus better suited to the requirements 
of practice than those presently available. 
The nature of my invention and its advantages will be 

more clearly apparent to those skilled in the art from I 
the succeeding detailed description of the preferred 
embodiment and the accompanying drawings; 
FIG. 1 is a longitudinal sectional view of a combus 

tion apparatus of a gas turbine engine. 
FIG. 2 is a partial exterior view of a combustion line r’ 

taken on the plane indicated by the line 2——2 in FIG. 
1. 
FIG. 3 is an end elevation view of the liner taken on 

the plane indicated by the line 3—3 in FIG. 2. 
FIG. 4 is a cross sectional view of a portion of the 

liner taken on the plane indicated by the line 4-4 in 
FIG. 1. ' 

Referring ?rst to FIG. 1, this shows a combustion 
liner according to the invention as installed in a T63 en 
gine. The engine includes an outer case 2 to which is 
bolted the casing 3 of a combustion apparatusQCom~ 
bustion takes place within a liner 4 mounted concentri 

' cally within the generally cylindrical casing 3, and the 
combustion products are discharged through a turbine 
inlet 6 de?ned by outer and inner walls 7 and 8. The 
inner wall 8 is joined at its upstream end to a baf?e 10 
disposed upstream of the turbine rotor disks and bear 
ings. 

In this engine, compressed air is supplied through air 
tubes (not illustrated) into an entrance zone 11 of the 
combustion casing, from which it ?ows through a per 
forated baffle v12 into proximity to the liner 4.'The liner 
includes a conical dome 14 at its upstream end, a first 
wall section 15, and a second wall section 16. The wall 
sections 15 and 16 constitute the outer wall of the liner 
which is approximately cylindrical but is slightly con- ’ 
vergent-divergent as shown. The forward ends of the 
sections 15 and 16 arecorrugated and are spot-welded 
to the downstream end of section 15 and the periphery 
of the dome respectively, to provide ?lm cooling air en 
trances 18 as described in Hayes US. Pat. No. 
3,064,425 issued Nov. 20, 1962. A ‘ferrule 19 ‘at the 
center of the dome is piloted on the discharge end of 
a fuel spray nozzle 20 mounted in a boss at the up 
stream. end of casing 3. Primary or combustion air is ad 
mitted to the liner through perforations 22 distributed 
over the surface of the dome and through a ring of 
twelve primary air holes 23 in wall section 15. An ig 
niter (not illustrated) may be installed in any usual 
manner. 

. The downstream end of liner 4 pilots within the tur 
bine outer wall 7. A sleeve 24 welded to the wall sec 
tion 16 ?ts over the turbine wall 7. It may be pointed 
out that the liner illustrated, as described so far, is iden 
tical to the prior art combustion liner. The overall 
length of liner 4 is 91/2 inches. Further to provide back 
ground as to prior art, it may be pointed out that the 
prior art T63 combustion liner has a ring of 14 trim air 
holes three-eight inch in diameter at the station along 
the liner indicated by the dotted line 26. The prior liner 
has also two opposed 1%. inch diameter dilution air 
holes at the station indicated at 27. In the present liner 



3 
this portion is imperforate. Approximately, the air ad 
mitted through the holes at locations 26 and 27 in the 
prior art liner is admitted as dilution air through a ring 
of dilution holes or slots 28 (see also FIG. 2) located 
as shown near the downstream end of my liner. Speci? 
cally, these slots are 0.71 inch X 0.28 inch in size. 
My liner also includes a cup-shaped centerbody 30 

mounted upstream of the baf?e 10 and radially in 
wardly of the dilution holes 28. The centerbody 30 in 
cludes main body 31, a downstream closure wall 32, 
and cooling air baf?es 34 and 35 on the upstream face 
of the centerbody. 
The centerbody is supported by four turbular struts 

36 open at both ends which are welded or brazed to the 
liner wall section 16 and the side wall of the center 
body. In addition to supporting the centerbody, the 
struts conduct cooling air from the interior of easing 3. 
The cooling air is discharged through 8 holes 38 behind 
baf?e 35 and 36 holes 39 behind baf?e 34. These holes 
are one-eighth inch in diameter. Baf?e 35 is ?xed to a 
stud 40 extending from the face of the centerbody and 
baf?e 34 is welded to the face of the centerbody. These 
baf?es de?ect the cooling air radially outward over the 
face of the centerbody and the air also ?ows as a ?lm 
over the outer surface of body 31 toward the outlet of 
the combustor. Cooling of the centerbody is needed be 
cause it is exposed to very intense heat radiation from 
the combustion zone upstream of the centerbody and 
convection from the hot gases ?owing over it. 

It is contemplated that the centerbody may be po 
rous, in which case it may be cooled by transpiration of 
air from the interior of the centerbody through closely 
spaced pores distributed over the surface of the center 
body. The centerbody for transpiration cooling might 
be made of porous ceramic or of porous laminated ma 
terial of the type described in U.S. Pat. 3,584,972 of 
Bratkovich and Meginnis issued June 15, 1971. 
With the structure shown the ?ame is not quenched 

by the dilustion air until it reaches the zone of the dilu 
tion air holes 28.'This is a quite signi?cantly longer 
combustion zone than in the prior art combustor in 
which combustion was quenched in the region indi 
cated at 26 and 27 in FIG. 1, as previously described. 

The centerbody, by narrowing the passage toward 
the outlet of the combustion chamber provides a much 
higher length to diameter ratio for the passage in which 
the dilution air is mixed, thus contributing to effective 
mixing in a relatively short distance from holes 28 into 
the outlet of the combustion liner. Since an effective 
dilution zone is shorter, a longer combustion zone is 
available in the same overall liner length. 1 consider 
that the combustor according to the invention in 
creases the reaction length for consuming carbon mon 
oxide, hydrocarbons, and carbon over the prior liner 
from lléinches to 4% inches prior to the ?nal quench. 

The primay zone equivalence ratio (actual fuel-air 
ratio divided by stoichiometric ratio) of the prior art 
liner was 0.77 and that of the liner described here 0.80 
at maximum power conditions. The distribution of air 
?ow for the prior liner ad for my improved liner are as 
tabulated below 
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Location Prior Art Improved Liner 

Dome holes 11.8% 11.3% 
First cooling 
step 11.2% 10.771 
Primary holes 26.3% 25.4% 
Second cooling 
step 11.271 10.771 
Trim holes 15.2‘71 — 

Dilution holes 24.371 38.07: 
centerbody cooling — 3.971 

Total 100.071 100.071 

Tests have been made of my combustor with regard 
to a stipulated duty cycle (relative operating times at 
diverse power levels) of a T63 engine in an aircraft. 
These tests demonstrated signi?cant reductions in car 
bon monoxide and hydrocarbons with substantially the 
same oxides of nitrogen content and somewhat higher 
smoke level. The combustor with the improved liner 
reduced total emissions relative to the prior liner by 
one-third, which is a signi?cant improvement. While a 
greater degree of reduction of emissions can be had 
with other forms of combustor, it should be borne in 
vmind that this improvement is accomplished without 
any change in dimensions of the combustion apparatus 
or any modification of the engine other than to the 
combustion liner itself. It will be seen, therefore, that 
this invention can result in a substantial improvement 
in the engine. 

It will be appreciated that the speci?c dimensions 
and proportions stated above are illustrative, and may 
be varied to suit particular installations. 

U.S. Pat. No. 3,169,369 is directed to a single-can 
combustion apparatus with annular outlet into a tur 
bine. It will be apparent, however, that it is quite re 
mote from my combustion apparatus. 
The detailed description of the preferred embodi 

ment of the invention for the purpose of explaining the 
principles thereof is not to be considered as limiting the 
invention, as many modi?cations may be made by the 
exercise of those skilled in the art. 

1 claim: 
1. A combustion liner for a gas turbine combustion 

apparatus, the liner including an outer wall of generally 
circular cross-section having an upstream end and a 
downstream end, a dome closing the upstream end, and 
a substantially closed centerbody mounted in the 
downstream end, the centerbody and outer wall de?n 
ing between them an annular outlet passage of substan 
tially constant width from the liner; the dome providing 
for entrance of fuel; approximately the upstream third 
of the liner including the dome providing distributed 
entrances for combustion air and cooling air; at least 
approximately the central third of the liner wall being 
imperforate to avoid quenching of the combustion; and 
the outer wall having a ring of dilution air holes abreast 
of the centerbody to admit dilution air directly into the 
outlet passage for mixing with and cooling of the com 
bustion products ?owing through the outlet passage. 

2. A combustion liner for a gas turbine combustion 
apparatus, the liner including an outer wall of substan 
tially circular cross-section having an upstream end and 
a downstream end, a dome closing the upstream end, 
and a substantially closed centerbody mounted in the 
downstream end, the centerbody and outer wall de?n 
ing between them an annular outlet passage from the 
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liner; the dome providing for entrance of fuel; approxi 
mately the upstream third of the liner including the 
dome providing distributed entrances for combustion 
air and cooling air; at least approximately the central 
third of the liner wall being imperforate to avoid 
quenching of the combustion; the said outlet passage 
having a radial width less than its length axially of the 
liner; and the outer wall having a ring of dilution air 
holes abreast of the centerbody to admit dilution air di- - 
rectly into the outlet passage for mixing with and cool 
ing of the combustion products ?owing through the 
outlet passage. 

3. A combustion liner for a gas turbine combustion 
apparatus including an approximately cylindrical wall, 
a dome de?ning the upstream end of the liner and pro 
viding a seat for fuel spray means, and a centerbody ex 
tending into the downstream end of the liner coaxially 
with the liner wall; the wall and centerbody de?ning be 
tween them an annular passage of substantially con 
stant width substantially less than the radius of the liner 
wall leading to an annular outlet from the liner; the 
space defined by the liner upstream of the centerbody 
being a combustion space having inlets for primary 
combustion air, the liner wall having a ring of dilution 
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air openings abreast of the centerbody for entrance of 25 
dilution air directly into the said annular passage and 
mixing of the dilution air therein with the combustion 
products ?owing from'the combustion space. 

4. A combustion apparatus comprising, in combina 
tion, an outer case adapted to receive compressed air 
and a combustion liner within the case, the liner includ 
ing an approximately cylindrical wall, a dome de?ning 
the upstream end of the liner and providing a seat for 

6 
fuel spray means, and a centerbody extending into the 
downstream end of the liner coaxially with the liner 
wall; the wall and centerbody de?ning between them 
‘an annular passage, of width less than half the radius of 
‘the liner wall, leading to an annular outlet from'the 
liner; the space de?ned by the liner upstream of the 
centerbody being a combustion space having inlets for 
primary combustion air; the liner wall having a ring of 
dilution air openings abreast of the centerbody for en 
trance of dilution air directly into the said annular pas 
sage and mixing of the dilution air therein with the 
combustion products ?owing from the combustio 
space. _ ' 

5. A combustion apparatus comprising, in combina 
tion, an outer case adapted to receive compressed air 
and a combustion liner within the case, the liner includ 
ing an approximately cylindrical wall, a dome de?ning 
the upstream end of the liner and providing a seat for 
fuel spray means, and a centerbody extending into the 
downstream end of the liner coaxially with the liner‘ 
wall; the wall and centerbody de?ning between them 
an annular passage, of substantially constant width less 
than half the radius of the liner wall and of a length of 
the order of one-fourth the length of the liner, leading 
to an annular outlet from the liner; the space de?ned 

- by the liner upstream of the centerbody being a com 
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bustion space having inlets for primary combustion air; 
the liner wall having a ring of dilution air openings 
abreast of the centerbody for entrance of dilution air 
directly into the said annular passage and mixing of the 
dilution air therein with the combustion products ?ow 
ing from the combustion space. 
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