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1. 
: This invention relates to combustion cham 

bers, and has to do with combustion chambers 
for use in driving gas turbines and for analogous 
purposes. 
Combustion chambers for use in driving gas 

turbines are known. The present combustion 
chambers are, in general, lacking in flexibility in 
respect to varying conditions encountered in the 
use thereof and control of the temperature of 
the gases delivered to the turbine, and do not 
provide adequate cooling of the parts of the com 
bustion chamber to guard against injury by the 
'high temperatures encountered, when operated 
in parallel with a second source of coinbustion 
products which varies widely in both temperature 
and quantity. 

Myinvention is directed to a combustion charin 
ber. which avoids the above-noted objections to 
the present combustion chambers. To that end, 
"I provide...a combustion chamber in which great 
iflexibility is possible to suit various operating 

of my invention combustion occurs. W 
tube spaced from an enclosing hous 
-air is admitted under pressure for supporting 
combustion and for cooling the housi 

a flame -tube, as well as the combustion gas 
whereby the temperature of the gases discharged 
from the combustion chamber may be readily a 

curately controlled. The combustion chamber 
y invention is particularly suitable for use. 

a system comprising an air compressor driven 
by a turbine, the compressor, being available for 
upplying air to both the combustion chamber 
nd an internal combustion, engine, the exhaust 

from the engine. being utilized in driving the tur 
bine either with or without combustion gases 
from the combustion chamber, as conditions may 
require. The exhaust gases, from the engine are 
delivered to the combustion chamber...outward 
beyond the primary combustion space, therein so 
as to avoid risk of extinguishment of the flame 
by the engine exhaust, gases which, in conjun 
tion with the arrangement of the fame tubear 
associated elements, constitutes an important feature of my invention. While the combustion 

imited to that particu . 
for any other purpose to which it is suited. 

Further objects and advantages of my, invention 
will appear from the detail description. 

In the drawings: - 
Figure 1 is a lengthwise central sectional view 

of the combustion chamber embodying my inven 
tion, certain parts beingbroken away; 
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Figure 2 is a sectional view taken substantially 

online 22 of Figure 1, the adjacent portion of 
the housing being broken away; 

Figure 3 is a sectional view similar to Figure2 
; but taken online 3-3 of Figure 1; 

Figure 4 is a view similar to Figure 1 but show 
ing a modified form of combustion chamber em 
bodying my invention; and Figure 5 is a diagrammatic view of a system 
embodying the combustion chamber of my in 
I the form of combustion chamber shown in 

Figures 1 to 3, inclusive, I provide a housing 7 
of generally cylindrical form having an endpor 
tion or extension 8 of substantially frusto-conical 
form, to the outer end of which is secured a bolt ring.9 defining a discharge opening 0. This 
ring 9 is adapted for bolting to a bolting flange 
if of an inlet stack or conduit 2 of a gas tur 
bine as will appear more fully later. 
Body portion 3 of housing 7 is provided, at 

its inner end, with a bolting ring 4 suitably se 
cured, conveniently by bolting, to a ring 5 of a 
frusto-conical section 6 flaring toward body sec 
tion 3 and secured at its inner end, by a ring 7, 
-to a substantially cylindrical section 3 closed at 
its other end by a head. 9. The parts of the as 
sembly may be secured, together in any suitable 
manner, as by welding, bolting, or the like, as 
will be understood. An air supply conduit 20 
opens into section 8, as shown. The head 9 is 
provided with an inwardly extending boss 2 in 
which is suitably mounted a fuel spray nozzle 22 
of suitable known type. Ignition means 23, which 
may be of suitable known type, is provided adja 
cent the inner end of nozzle 22 for igniting the 
injected fuel. 
A flame tube 24 is disposed within housing 7 

and extends lengthwise thereof from the end at 
which the head is is located, which may be de 

40 fined as the fuel Supply end of the housing. The 
flame tube 24 is of substantially conical shape 
and flares from the fuel supply end of the hous 
ing toward the discharge end thereof. This 
flame tube 24 comprises an inner section 25 and 

45. an outer section 26. The inner section 25 extends 
outward from boss 2A, as shown, and is provided with perforations 28 throughout its extent, of 
adequate total area, to assure supply of air to the 
primary combustion space defined by section 25 

50 in amount to support rapid and substantially 
complete combustion of the injected fuel. A 
cylindrical casing 36, which is imperforate, sur 
rounds section 25 of flame tube 24 and fits snug 
ly thereabout at its outer end so as to provide a 
closure therewith, as shown. The outer end of 
casing 30 fits snugly within the inner of section 
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26 of flame tube 24, also providing a closure 
therewith, and the inner end of casing 30 fits 
snugly within ring 7 to which it may be Weided 
or otherwise suitably secured. An air flow 
straightener 32, in the form of an annulus or 
ring, fits snugly about section 25 of flame tube 
24, adjacent the inner end thereof, and extends 
therefrom outward radially beyond the casing 30. 
This straightener 32 (Figure 2) is provided with 
perforations 33 of adequate total area not to 
objectionably impede free flow of air from Space 
34, between head 9 and straightener 32, into 
the space 35 extending about flame tube section 
25 between the latter and casing 30. It will be 
clear, from what has been said, that the Space 
34 is closed off from space 36 extending about 
casing 30 between the latter and section 6 of 
the housing . 
A perforated annular air flow straightener 3. 

fits snugly about section 26 of the flame tube 24, 
adjacent the inner end thereof, and extends 
radially outward to the inner end of body section 
3 of housing 7. An air supply conduit 38 opens 
into space 36, from which air flows through the 
straightener 37 (Figure 3) into space 39 between 
section 28 of the flame tube 24 and the Surround 
ing wall of body section 3 of housing 7. The 
total area of perforations 37a of airflow straight 
ener 37 is adequate to guard against objection 
ably impeding free flow of air therethrough into 
space 39. Section 26 of flame tube 24 defines a 
secondary combustion space extending outward 
from the primary combustion space within Sec 
tion 25. Section 26 is provided, for the major 
portion of its length, with perforations it the 
total area of which is adequate to assure free 
flow of air therethrough in sufficient quantity to 
maintain the fame within section 26 while also 
serving as a diluent, as circumstances may re 
quire, for cooling the hot products of combustion. 
The outer portion of section 26 of the flame tube 
24 is provided with perforations 4 of greater 
diameter than the perforations 48, for admission 
to that portion of section 26 of cooling air. A 
conduit 42 opens into housing 7 outwardly be 
yond the primary combustion Space Within the 
flame tube 24. This conduit 42 may be connected 
to a suitable source of combustion gases. In the 
system of the character above referred to, the 
conduit 42 is connected to the exhaust of an in 
ternal combustion engine for delivering to hous 
ing 7 the exhaust gases from the engine for mix 
ing with the combustion gases issuing from the 
flame tube 24. It is of importance that complete 
combustion of the fuel supplied to the fame tube 
be assured, in order that the volume, temperature 
and pressure of the combustion gases issuing 
therefrom be maintained at the optimum values 
for most efficient operation. It is important, 
therefore, that the conduit 42 be so disposed that 
the entering engine exhaust gases will not quench 
the fame or retard combustion in the primary 
combustion space. Preferably, the conduit opens 
into housing 7 adjacent the outer or outlet end 
of flame tube 24, between the latter and the dis 
charge end of housing 7, as shown. That ar 
rangement of the conduit 42 is also of importance 
in that it is conducive to flexibility of control of 
the temperature of the gases delivered to the gas 
turbine, as Will appear more fully later. 
The modified form of combustion chamber, 

shown in Figure 4, is similar to that shown in 
Figure 1, but is somewhat different in respect to 
structural features. It comprises the housing 43 
having a cylindrical body 44 and an extension 45 
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4. 
to the discharge end of which is secured a ring 
46 defining a discharge opening 47. The ring 46 
is suitably secured, conveniently by bolting, to 
flange 47 of the inlet stack or conduit 48 of a gas 
turbine. A cylindrical Section 50 is secured to the 
inner end of body section 44, conveniently by 
means of rings 5 and 52 on the adjacent ends of 
sections 44 and 50, respectively, bolted or other 
Wise suitably secured together. The end of Sec 
tion 50 remote from section 44 is closed by a 
head 53 provided with a boss 54 carrying a fuel 
injection nozzle 55 and ignition means 56. A 
flame tube 57, perforated and of conical shape, 
extends lengthwise within the housing 43 from 
boss 54 to extension 45, the outlet end of this 
tube fitting within housing 43 so as to form there 
with a closure about the flame tube. The tube 
57 is provided for a major portion of its length 
with perforations 58 and, at its outer portion, 
With perforations 59 of materially greater diam 
eter than the perforations 58. As will be under 
stood from what has been said, the tube 57 de 
fines an inner primary combustion. Space and an 
outer secondary combustion Space. 
A perforated air flow straightener 60 fits about 

flame tube 57 a short distance from the inner end 
thereof and extends radially outward therefrom 
to the section 50, providing an inner perforated 
end wall therefor. An air supply conduit 6 
opens into section 50 and a conduit 62 opens into 
extension 45 of housing 43 for supplying thereto 
combustion gases, such as the exhaust gases from 
an internal combustion engine. 
In Figure 5 I have shown the combustion cham 

ber, designated 65, of Figures 1 to 3, inclusive, 
embodied in a system of the character above re 
ferred to comprising a gas turbine T, a compres 
sor C driven by turbine T and an internal COm 
bustion engine E. Atmospheric air enters the 
compressor C through conduit 66 and air under 
pressure is delivered from the compreSSOr C 
through conduit 67 to intake manifold I of en 
gine E. Air under pressure is also delivered from 
compressor C, through conduit 68, to the air Sup 
ply conduits 20 and 38 of combustion chamber 
65, each of the conduits 2 and 38 being provided 
with a control valve 69 of Suitable known type. 
Fuel is supplied to the injector nozzle 22 of com 
bustion chamber 65 through a conduit con 
trolled by a valve 7. The exhaust manifold X 
of engine E is connected by a conduit 2 to the 
exhaust gas supply conduit 62 of combustion 
chamber 65, and the discharge end of combustion 
chamber 65 is connected to the intake stack or 
conduit 2 of turbine T, the exhaust from which 
is discharged through conduit 4. 

Fuel and air are introduced into the flame tube 
in proper proportion to assure complete combus 
tion of the fuel in the primary combustion space. 
In that connection, uniform distribution of the 
primary air is of importance and the air flow 
Straightener 32 is of assistance in that respect. 
The primary air enters through the air supply 
Conduit 20 and may be regulated in amount by 
the valve 69 therein, as will be understood. The 
secondary air enters through the air supply con 
duit 38 and flows through the air flow straight 
ener 37 substantially lengthwise of the housing 
So as to be distributed substantially uniformly 
along the flame tube, this secondary air passing 
through the perforations 40 and 4 of the flame 
tube into the interior thereof for maintaining 
combustion. This secondary air serves to cool the 
housing and the flame tube, and also serves as a 
diluent of the combustion gases and to cool the 
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atter as may be required. The combustion gases 
ejected from the flame tube mix with the engine 
exhaust gases entering the housing of the com 
bustion chamber through the conduit 42, and the 
resultant gas mixture is delivered to the turbine 
Tat appropriate temperature and pressure to as 
Sure most efficient operation thereof. The Sec 
ondary air entering through supply conduit 38 
also serves to maintain the proper volume or 
mass flow of gases to the turbine to assure maxi 
mum efficiency in operation of the latter. 
When the engine is operating under light load, 

the exhaust gases delivered therefrom to the 
combustion chamber will be relatively cool. In 
such case the quantity of secondary air delivered 
to the combustion chamber will be reduced in 
amount sufficient to assure that the gas mixture 
discharged from the combustion chamber to the 
turbine Will be at the optimum operating tem 
perature. As the operating load of the engine 
increases the temperature of the exhaust gases 
also increases with a corresponding reduction in 
the amount of heat which should be added to the 
combustion chamber. Accordingly, as the engine 
load increases the amount of Secondary air Sup 
plied to the combustion chamber may be in 
creased and the fuel supply decreased to main 
tain the optimum operating temperature of the 
gas mixture discharged from the combustion 
chamber while guarding against injury thereto 
by excessively high temperatures. When the en 
gine is operating under full load conditions the 
temperature of the exhaust gases may be above 
the optimum operating temperature. In such 
cases the supply of fuel and primary air to the 
Combustion chamber may be cut off and the 
amount of Secondary air delivered to the com 
bustion chamber may be increased sufficiently to 
assure adequate cooling of the combustion cham 
ber, the secondary air then also serving to dilute 
the exhaust gases from the engine and to main 
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tain the gas mixture delivered to the turbine at 
the optimum operating temperature. It will be 
seen that the combustion chamber of my inven 
tion is highly flexible to meet the varying condi 
tions encountered in the Operation of a System of 
the character referred to, and may be utilized 
either as a Source of combustion gases, Or as 
means for mixing air with the exhaust gases de 
livered from the internal combustion engine, as 
conditions may require for most efficient opera 
tion of the system. 
The operation of the modified form of com 

bustion chamber shown in Figure 4 is, in general, 
similar to that of the combustion chamber of 
Figure 1. In Figure 4 the primary air and the 
secondary air are both supplied to the single con 
duit 6, as will be understood. While the pro 
vision of two air supply conduits, one of primary 
air and the other for secondary air, as in Figure 1, 
is conducive to increased flexibility of the com 
bustion chamber, that is not essential to the 
broader aspects of my invention many of the 
benefits of which are realized in the combustion 
chamber shown in Figure 4. As will be under 
stood, any suitable fuel Supply and ignition means 
may be provided, the injection nozzle and the 
ignition means shown being by way of example 
only, 

It will be understood that changes in detail may 
be resorted to without departing from the field 
and scope of my invention, and I intend to include 
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all such variations, as fall within the appended 
claim, in this application in which the preferred 
forms only of my invention have been disclosed. 

I claim: 
In a combustion chamber for use in driving a 

gas turbine, a Substantially cylindrical housing 
having a discharge end for connection to a gas 
turbine and a fuel Supply end, a Substantially 
conical perforated flame tube Within Said housing 
extending lengthwise thereof having a fuel inlet 
end adjacent Said fuel Supply end and an open 
outlet, end spaced from said discharge end, said 
tube comprising an inner Section defining a pri 
mary combustion Space and an Outer Section 
defining a Secondary combustion Space and 
Spaced for Substantially its full length from the 
Surrounding Wall of Said housing defining there 
With an unobstructed annular space about Said 
tube decreasing uniformly in CrOSS Section toward 
the outlet end of Said tube, the outlet end of said 
Outer Section fitting the interior of Said housing 
providing thereWith a closure about said tube, 
means for Supplying fuel to Said primary com 
bustion Space, a Substantially cylindrical casing 
extending about Said 1nner Section of Said tube 
With its Outer end in interfitting relation to the 
Outer end of Said inner Section and the inner end 
of Said Outer Section providing therewith closures 
thereabout, Said casing defining With Said inner 
Section an unobstructed annular Space about the 
latter uniformly decreasing in Cross section to 
Ward Said Secondary combustion Space, said cas 
ing being Spaced from the surrounding wall of 
Said housing and having its inner end spaced 
from Said fuel Supply end of Said housing and 
closed to the Space between said housing and 
casing, a perforated air flow straightener at the 
inner end of said casing fitting about said inner 
Section of Said tube, a Second perforated air flow 
Straightener fitting between Said housing and said 
Second Section of Said tube adjacent the inner 
end thereof, air Supply conduits respectively 
opening into Said housing between said fuel sup 
ply end thereof and said first flow straightener 
and between the inner end of Said casing and said 
Second flow Straightener, and a conduit opening 
into Said housing between the discharge end 
thereof and the outlet end of Said tube for supply 
ing to Said housing exhaust gases from an inter 
nal combustion engine. 

ROBERT J. JACKSON. 
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