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The invention relates generally to engines of 
the gas turbine type and more particularly to 
the cooling thereof. 
The general object of the invention is to pro 

vide a novel structure for conducting COOling air 
to the turbine portion of Such an engine at Such 
pressure or pressures as will perinit its eventual 
discharge into the power St.reana. 
Another object is to provide a nOWe arrage 

ment of parts permitting the cooling air utilized 
in the turbine portion of the engine and dis 
charged into the power stream, to be taken from 
points in the path of the air strean in the engine 
where the pressures are at the Iniinii un neces 
sary, in view of any additional head imparted 
thereto, to effect discharge into the power stream. 
A further object is to provide an engine Struc 

ture in which the cooling air is taken at a point 
where its pressure is at the minimum necessary 
to effect the desired flow thereof, So that a raini 
mum of energy is thereigy expended upon it. 

Still another object is to provide an engine 
structure in which the cooling air utilized in dif 
ferent parts of the engine may be taken from the 
air stream at different pressure levels, determined 
by the pressures necesary to effect its discharge 
and by any additional head imparted thereto 
after withdrawal from the main air stream. 

Otheir objects and advantages will become ap 
parent from the following description taken in 
connection. With the accompanying dra Wings, in 
Which: 

Figure 1 is a iiagiinentary longitudinal Sectional 
view of the front end portion of a turbo-jet en 
gine embodying the features of the invention. 

Fig. 1-A is a Continuation Oi Fig. 1 aid shows 
the intern ediate portion of the engine. 

Fig. 1-B is a continuation of Fig. 1-A and illus 
trates a still further portion of the invention. 

Fig. 2 is a fragmentary transverse sectional 
view taken on the line 3-3 of Fig. 1. 

Fig. 3 is a fragmentary transverse sectional view 
taken on the line 3-3 of Fig. 1-A. 

Fig. 4 is another fragmentary transverse Sec 
tional view taken on the line i-3 of Fig. 1-A. 
In engines of the gas turbine type, the cooling 

of various parts of the apparatus, and particu 
larly the turbine rotor, is an important factor be 
cause of the high temperatures of the coinbus 
tion gases which drive the turbine. The high tem 
peratures of these gases, of course, reduce the 
strengths of the materials of the various parts 
of the rotor at Which they may Safely operate. 
The materiaiS utilized are Selected from those 
which permit high operating StreSSes even at rela 
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tively high temperatures. Nevertheless, even with 
Such materials, the safe operating Stresses there 
of are lower than at reduced temperatures. Con 
Sequently, it is advisable to provide adequate cool 
ing of the parts Subjected to the heat of the con 
bustion gases to obtain a maximum safe working 
St!'eSS. This is particularly ti'ue in connection 
With rotating parts since, obviously, by provid 
ing adequate cooling thereof, the mass of mate 
rial may be reduced, thus reducing centrifugal 
Stre3Ses. 
Mereiy by Way of exampie, the temperature of 

the coinibustion gases contacting the blades of a 
turbine of this type may be as high as 1600°F., 
which temperature is so high that the metal 
Should not he permitted to operate at such a tem 
perature. Steel is the material commonly em 
ployed for the blades and other parts of the 
turbine rotor So that the actual operating tem 
gerature of the rotor and its parts should be main 
£3ired considerably below the temperature of the 
gases. Such cooling of the rotor parts may be 
accomplished by Subjecting them to contact with 
a cooling fluid. Since air in large quantities is 
taken into an engine of this character to sup 
port the coinbustion, a portion of such air is util 
ized as the cooling fluid. Such air may be taken 
from the air Stream provided to support com 
bustion and, because of the heat absorbed there 
by in cooling the rotor parts, it is preferably dis 
charged into the power stream to minimize loss 
of efficiency of the engine. 
In utilizing air from the main air stream 

Created in the engine, consideration must be given, 
of course, to the pressure of such air so that it 
Inay discharge into the power stream at a suffi 
cient pressure to effect such discharge. The pres 
Sure at which such air is withdrawn from the 
air strean, consequently, will depend upon 
Whether or not any additional head is imparted 
thereto in cooling the parts of the turbine rotor. 
Thus, if no head is added to a cooling air stream 
When performing its cooling function, the air for 
Such cooling stream should be withdrawn from 
the main air stream at the maximum pressuire 
thereof So that it will have sufficient pressure to 
enter the power strean after performing its cool 
ing f?inction. if, however, any pumping action 
is exerted on a stream of cooling air in its gaS 
Sage through or around the turbine rotor, then 
Stich cooling air may be withdrawn from the main 
air stream at a point of lower pressure with the 
sum of the two pressures being sufficient to effect 
the eventual discharge of the cooling stream into 
the power stream. While, of course, the last 
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mentioned cooling stream could be taken from 
the main air stream at a point of higher pres 
sure, energy would be wasted in bringing the 
cooling air stream to such pressure if the litimate 
pressure of the cooling stream were in excess of 
that needed to effect its discharge into the power 
stream. For that reason, it is desirable to with 
draw any stream of cooling air from the main air 
stream at the point of minimum preSSure neces 
sary to effect its eventual discharge into the power 
stream with consideration given to any additional 
head that may be added to such cooling air 
Stream. 
The engine shown in the drawings and emi 

bodying the features of the present invention 
comprises an intake section 0 (see Fig. 1), in 
which is located air compressor means including 
an axial flow compressor carried On a main 
drive shaft 2. The air stream created thereby 
flows through an annular passage 3 to a second 
compressor 4 of the combined axial and radial 
flow type, from which the air stream is dis 
charged at its maximum pressure. From the 
compressor 4 the air stream passes through a 
collector 5 (see Fig. 1-A) and thence to con 
bustion chamber means, indicated generally at 
6. In the combustion chamber means 6, fuel 

is introduced into the air stream and combustion 
takes place to create the power stream for driv 
ing the turbine, indicated generally in Fig. 1-B 
at 7. After the power stream passes through 
the turbine 7, it, of course, is discharged 
through a tail spout, as indicated generally at 
8. The compressor 4 is also mounted and 
driven by the shaft 2 which, in turn, is driven 
by the turbine T. 
In the present construction, the inlet (), in 

which the compressor is mounted, comprises 
a separate annular casting bolted to an interme 
diate compressor casing, indicated generally at 
20, comprising an outer shell 2 and an inner 
shell 22 interconnected by a plurality of radially 
extending guide vanes 23. The compreSSoir iá is 
enclosed by a stationary casing 24 extending to 
and enclosing a portion of the collector 5. To 
stiffen the intermediate compreSSor casing 26, a 
plurality of hollow bulged portions 25 are pro 
vided thereon which form, with the wall 2 and 
the stationary casing 24, a rear Wardly and out 
wardly extending passage 26. 
The collector 5 includes collector Vanes 30 

(see Figs. 1-A and 3) which, at their forward 
ends, engage the rearward portion of the sta 
tionary casing 24 and are integrally formed with 
an outer shell portion 31 constituting a continu 
ation of the stationary casing 24. At its front 
end, the outer shell 3 has a short cylindrical 
portion 32 and a flanged portion 33 which is 
bolted to a matching flange 34 on the interme 
diate compressor casing 20. At its rear end, the 
outer shell 3 is also provided with a fiange 35, 
While the inner wall of the collector E5 extends 
rearwardly and tapers inwardly So that it may 
be rigidly secured as at 36 (see Fig. i-A) to a 
main frame structure 37, in which the main drive 
shaft 2 is journaled. 
The combustion chamber means is comprises 

an outer annular casing 40 and an inner casing 
4. Mounted within the annular space between 
the inner and outer casings 40 and 4 is a plu 
rality of combustion chamber members 42 air 
ranged in circumferentially Spaced relation to 
one another. The combustion chamber men 
bers 42, at their downstream ends, fit within an 
inner shell 43 which is spaced from the outer 
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4. 
casing 40 to provide an annular passage 44. 
Outside of the outer casing 40 is an outer shell 
45 spaced from the outer casing 40 to provide 
another annular passage 46. The inner casing 
4i, at its upstream end, engages the collector 5 
but tapers downstream at a different angle from 
the collector so as to provide an annular passage 
therewith, indicated at 47. The passage 47 con 
tinues downstream from the collector and its 
inner wall is provided by an inner shell 50 ra 
dially spaced from the wall 4, as is evident in 
Fig. 1-A. 

Adjacent the turbine 7, the inner shell 50 is 
secured to a nozzle ring 5 (see Fig. 1-B) which 
supports a plurality of nozzle blades or vanes 52. 
The outer ends of the blades 52 are mounted in 
a supporting ring 53 constituting a continuation 
of the inner Shell 43. The nozzle blades are 
hollow and, of course, direct the power Stream 
from the combustion chamber means in proper 
relation to the blades of the turbine 7. 
The outer casing 40 is secured to a turbine 

casing member 54 which provides, With the Sup 
porting ring 53, a continuation of the passage 44. 
Outside of the turbine casing member is a. tur 
bine shell 55 secured to and constituting a con 
tinuation of the outer shell 45 and providing with 
the turbine casing 54 a continuation of the paS 
Sage 46. 
The turbine T in the present instance is illus 

trated as a two-stage turbine comprising a rotor 
body 68 bolted to a flange 6 on the rear end of 
the main drive shaft 2. The rotor body 60 is 
provided with a pair of annular fiange portions 
62 which are axially spaced from One another 
and which respectively support turbine blades 63 
constituting the first stage, and turbine blades 
64 constituting the Second stage. The turbine 
blades 63 and 64 are hollow and are open at 
their outer ends but are surrounded by a sta 
tionary Shroud 65. Located between the two 
stages of turbine blades is a Series of interstage 
guide vanes 66 Supported at their outer ends by 
the turbine casing member 54 and extending in 
wardly through the shroud 65. The shroud 65, 
at its downstream end, is provided With a ring 0 
which is shaped to meet the turbine shell 55, the 
latter extending downstrean from the ring 70 
and providing the tail spout. The interstage 
guide Vanes 66, at their inner ends, support a 
hollow ring structure i? positioned between the 
annular flange portions 62 of the rotor body 60. 
To provide for Suitable cooling of the various 

parts of the turbine, it is desirable to conduct a 
plurality of streams of cooling air respectively 
arranged to cool different parts of the turbine. 
In the present instance, three such streams are 
provided, one for cooiing the upstream face por 
tion of the turbine rotor 60, another for cooling 
the interStage facial portions of the turbine 
rotOr, and the third for cooling the interior of 
the rotor and the two stages of the blades 63 
and 64. The first two cooling streams are also 
arranged respectively to cool the nozzle vanes 
52 and the interstage guide vanes 66. All of 
these streams of cooling air are eventually dis 
charged into the power stream so that the 
energy therein is not completely lost. 
The two streams of cooling air which are re 

spectively used for cooling different facial por 
tions of the turbine rotor are not subjected to 
any pumping action while performing their cool 
ing function. Consequently, these two streams 
are withdrawn from the main air stream created 
by the compressors l í and í 4 at the maximum 
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pressure thereof so that there will be sufficient 
pressure in such cooling streams to effect their 
entrance into the power stream after performing 
their cooling function. The air stream utilized 
for cooling the interior of the turbine rotor and 
the two sets of blades 83 and 63 is Subjected to 
a pumping action due to the rotation of the 
turbine rotor. Such pumping action, of course, 
will increase the pressure of this cooling stream 
and, consequently, the air therefor may be with 
drawn from the main air stream at a point of 
lower pressure than exists at the discharge of 
the compressor A. 
The cooling air stream first referred to, which 

is adapted to cool the upstream facial portions 
of the turbine rotor 68, is withdrawn from the 
main air stream at points where Such air Strealin 
passes between the combustion chamber men 
berS #2. To this end, the inner casing á í (see 
Fig. 1-A) is provided with sets of apertures 89 
and 8 to admit air from the inain air Strean 
into the upstream end of the passage A. The 
cooling air is conducted downstreatin by this pas 
sage and at the downstream end of the passage 
it is permitted to enter a plurality of elbow 
shaped tubes 82 (see Fig. 1-B) each having one 
end mounted in the nozzle ring 5. Moulted 
Within the nozzle ring 5 is a casing having a 
cylindrical Wall portion 83 and a radially ex 
tending wall 88. The walls 83 and 84 thus 
form an annular chamber With the nozzle ring 
5. The elbow-shaped tubes 82 extend through 
the annular chamber just rentioned and have 
their other ends mounted in the radially extend 
ing Wall 83 So that the air carried through Such : 
tubes is discharged onto the front face of the 
turbine rotor 6. Sheet neta nozzie raembers 35 
are preferably formed over the ends of the tubes 
82. So as to direct the air tangentially in the 
direction of rotation of the turbine rotor 6 
Whereby a minimum resistance to air flow is pro 
Wided. The air thus di Scharged frOn the tubes 
82 cools the front face of the turbine rotor 5 
and flows outwardly into the power stream be 
tWeen the turbine rotor and the Wall 84. 
The stream of cooing air for cooling the inter 

stage faces of the annular flange portions 62 
is likewise withdrawn from the main air strean 
Where it is Substantially at its maxi Gurin pres 
Sure. Thus, air frora the main air streann enters 
the annular passage Al adjacent the combustion 
chamber members 42 and flows downstream to 
the Space between the nozzle Supporting ring 53 
and the turbine casing member 54. At the down 
stream end of this space, there is a brace in the 
form of a ring 86 which, at its inner edge, Sup 
ports the turbine Shroud 65. The ring 86 is 
provided with a series of perforations 87 to per 
mit the cooling air ü0 flow therethrough, and 
Such air continues to flow downstream in the 
Space between the shroud 65 and the turbine 
casing member 56. ihe outer ends of the 
nozzle blades 52 are closed so that such air does 
not enter these blades. 
As this cooling stream moves downstream be 

tween the shroud 65 and the turbine casing mem 
ber 54, it passes around the outer end portions 
of the interstage guide vanes 66 and enters the 
space between the ring and the outer shell 
55. The cooling stream then reverses its flow 
to pass between the turbine casing member 54 
and the Outer Shell 55 SO that it may enter the 
Outer ends of the hollow interStage guide wanes 
66. The cooling air thus flows inwardly through 
these interstage guide Vanes to maintain thern 
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6 
at a desirably low operating temperature. At the 
inner ends of the vanes 66, the cooling air enters 
the hollow ring structure supporting the vanes 
66. At its inner periphery, the hollow ring struc 
ture is provided with two series of apertures 90 
Opening toward the adjacent faces of the respec 
tive flange portions 62 of the rotor 69, and the 
air m0ves Out Wardly in contact With these flange 
portions at opposite sides of the ring structure 
7 to discharge into the power stream. 
Both of the streams of cooling air described in 

the foregoing are taken at a point in the main 
air stream which is substantially at the maxi 
mum pressure, thereof. Both of these streams 
cool the external portions of the turbine rotor 
and no material amount of pumping action oc 
curs in these two strealins during their passage 
adjacent the rotor. The initial maximum pres 
Sure of these streans, however, is sufficient to 
cause their discharge into the power stream after 
effecting the desired CColing. 
The third stream of cooling air utilized in the 

present construction is arranged to cool the in 
terior of the rotor .69 as well as the two stages 
Of turbine blades 63 and Sá. However, as this 
Cooling air passes through the turbine rotor and 
OutWardly through the turbine blades, a pump 
ing action is exerted thereon which increases 
the pressure thereof. Consequently, the pres 
Sure at which this stream of cooling air is re 
ceived from the air compressor may be lower 
thaíì the maximurn thereof to substantially the 
extent that the pumping action of the rotor in 
creases the pressure. In the present instance, 
it is found that the pressure of the main air 
stream at a point between the compressor 
and the compressor is sufficient, with the 
pumping action of the rotor, to effect the dis 
charge of the air into the power stream. 

"To provide for this iast-mentioined stream, the 
Outer Wall 2 of the intermediate cornpressor 
casing 2 (see Sigs. 1 and 3) is provided with 
a plurality of apertures 3; opening into the 
paSSages 28 for 2ed by the bulges 25 in the in 
termediate compressor casing. At the down 
Stream end of the passages 23 are a series of 
Openings 32 (See Sigs. I-A and 3) in the cylin 
drical portion 32 of the oriter shell 3 of the col 
lector 3. The fanges 33 and 33 of the collector 
19 in liíne with the builiges 25 are provided with 
sheet-metal covers or plates 93 forming, with 
the Outer shell 3 of the collector 5, continu 
ations of the passages 26 so that the air taken 
froin the passage 3 in the interraediate con 
pressor casing 26 thus will flow through the 
Spaces between the covers 93 and the collector 
(5. The flanges 35 of the coilector are similarly 
provided with a series of apertures 34 (see Figs. 
1-A and 4) to discharge this air into the pas 
Sage 39 formed by the outer casing 49 and the 
Outer shell 45 of the combustion chamber means. 
At the downstrean end of the passage 46 is 

a ring 95 which prevents the air from the pas 
Sage 46 fron entering the space between the 
turbine Casing Trember 54 and the outer shell 
55. The nozzle blades or varies 52, however, are 
provided With expansion supports 38 (see Fig. 
1-B) which are hollow, so that the air from the 
paSsage 488 may enter the interiors of the noz 
zle vaines 52. Cooling air is thus introduced into 
the nozzle vanes to maintain thern at a suffi. 
ciently low operating temperature. It is to be 
noted that the expansion supports 96 are lo 
cated adjacent the front edge of the nozzle 
blades 52, so that the maximum cooling effect 
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Ön the ro?zle blades is produced at the front 
edge thereof, where the greatest amount of heat 
is received from the power stream emerging from 
the combustion chamber means. 
The cooling air fiowing inwardly through the 

nozzle vanes 52 enters the annular chamber 
formed by the nozzle ring 5 and the Casing 
WallS 83 and 84. The casing wall 83 is pro 
vided with a plurality of apertures 97 which 
permit this cooling air to enter the Space in 
mediately in front of the flange 6 which is 
formed on the downstream end of the main drive 
shaft 2 and supports the turbine rotor 60. 
From the Space in front of the flange 6, the 
air is permitted to flow through a series of aper 
tures 00 provided in the flange 6 to enter a 
central bore 0 in the turbine rotor O). The 
downstream end of this bore is closed by a flange 
member 02 abutting the turbine rotor 60 and 
carried on an extension 03 secured to the main 
drive shaft 2. The extension 03 is substan 
tially smaller than the diameter of the central 
bore Of So that an annular space is thus pro 
vided within the turbine rotor to receive the 
Cooling air entering through the apertures 00. 
The interior of the turbine rotor 60 is pro 

vided with a pair of annular grooves 06 extend 
ing from the central bore C, and from the 
grooves 04 extend in each of the flange portions 
62 a series of radial passages 85. There are 
the same number of passages 95 as there are 
blades 63 and 64 and the passages are aligned 
With Such blades and communicate with the 
interiors of the blades so that air from the cen 
tral bore O will be discharged outwardly 
through the radial passages 104 and the blades 
63 and 64. The air passing ontwardly in this 
manner is discharged into the power strean 
at the Outer ends of the turbine blades. 
The rotation of the turbine rotor 60 with the 

blades 63 and 64 produces a pumping action on 
the air in the passages (65 and the blades, which 
increases the pressure of the air. Such pres 
Sure, when added to the pressure at which this 
stream of cooling air is withdrawn from the 
main air Stream intermediate the two compres 
Sors, is Sufficient to produce a total pressure at 
the Outer ends of the turbine blades to cause 
the air to be discharged into the power stream. 
Because of the pumping action of the turbine 
rotor On this strean of air, the air is withdrawn 
from the power streann at a point below maxi 
mum pressure, and less energy is expended 
thereon than if it were withdrawn from the main 
air stream at a point of maximum pressure. The 
total pressure of the air at its point of discharge, 
however, is sufficient to effect its entrance into 
the power stream. 

claim: 
1. An internal combustion gas turbine engine 

having at least two stages of air compressing 
means aSSociated therewith comprising: a for 
Wardly sloping generally conically shaped front 
housing; a first Stage axial flow air compressor 
at the forward end of said housing; a second 
stage axial and radial flow compressor to the 
rear of said first stage compressor; an annular 
paSSage within Said housing to conduct the par 
tially compressed air from the first stage com 
preSSOr to Said second stage compressor; a con 
pressed air collector ring at the discharge end 
of Said second stage compressor, said ring form 
ing a compressed air passage; an outer annular 
passage within Said front housing, said outer 
annular paSSage Surrounding said first named 
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8 
annular passage as well as said second stage 
compressor and said air collector ring; the com 
mon Wall between said two annular passages 
having ports therein to permit a portion of the 
partially compressed air to flow into the Outer 
annular paSSage; a rearwardly sloping generally 
conically shaped rear housing; said rear hous 
ing having an annular air passage inside thereof 
that is substantially co-extensive with its inner 
Wall and which defines a space within the rear 
housing; Said outer annular passage in the front 
housing communicating With said co-extensive 
passage in the rear housing; a combustion cham 
ber disposed rearwardly from said collector ring 
and Within said space; a hollow bladed gas driven 
turbine having a rotor disposed within the rear 
portion of Said rear housing; means to feed 
fuel to Said combustion chamber; said collector 
ring feeding compressed air to the space inside 
of said co-extensive passage; generally concen 
trically arranged annular air flow passages within 
Said Space and Surrounding said combustion 
chamber; concentric passages having infeed 
openings at their forward ends whereby separate 
portions of the compressed air issuing from Said 
ring enters each of Said concentric passages; 
auxiliary passage means cooperating with said 
Concentric passages to deliver air from adjacent 
the rear ends thereof to cool the outside surfaces 
of said turbine blades; and other auxiliary pas 
Sage means cooperating With said co-extensive 
paSSage to deliver air therefrom to the center 
of said turbine rotor so that the air may be 
pumped outwardly through the hollow blades 
of the turbine by their rotation. 

2. An internal combustion gas turbine engine 
having at least two stages of air compressing 
means aSSociated thereWith comprising: a for 
Wardly sloping generally conically shaped front 
housing; a first Stage axial flow air compressor 
at the forward end of said housing; a second 
stage axial and radial flow compressor to the 
rear of Said first stage compreSSor; an annular 
paSSage within Said housing to conduct the 
partially compressed air from the first stage com 
preSSOr to Said Second stage compressor; a com 
preSSed air collector ring at the discharge end 
of Said Second stage compressor, said ring form 
ing a compressed air passage; an outer annular 
paSSage within Said front housing, said outer 
annular passage Surrounding said first named 
annular passage as well as said second stage com 
preSSOr and Said air collector ring; the common 
Wall between said two annular passages having 
ports therein to permit a portion of the partially 
compreSSed air to flow into the outer annular 
paSSage; a rearwardly sloping generally conically 
shaped rear housing; said rear housing having 
an annular air passage inside thereof that is 
Substantially co-extensive with its inner wall and 
which defines a space within the rear housing: 
Said outer annular passage in the front housing 
communicating with said co-extensive passage in 
the rear housing; a combustion chamber dis 
posed rearwardly from said collector ring and 
Within Said Space; a two stage hollow bladed gas 
driven turbine having a rotor disposed within 
the rear portion of said rear housing; means to 
feed fuel to said combustion chamber; said col 
lector ring feeding compressed air to the space 
inside of Said co-extensive passage; generally 
concentrically arranged annular airflow passages 
Within Said Space and Surrounding said combus 
tion chamber; the inner of said concentric pas 
Sages having infeed openings for compressed air 
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at its forward end; auxiliary passage means co 
Operating With Said inner Concentric paSSage to 
deliver air from adjacent the rear end thereof 
to flow over the forward edges of the first Stage 
turbine blades and then rearwardly to the ex 
haust of the engine; the other of said concentric 
passages having infeed openings for compressed 
air at its forward end; auxiliary passages co 
operating with said other concentric passage to 
deliver air from adjacent the rear end thereof 
to be directed OutWardly into the gas Stream of 
the turbine from near the center of Said rotor 
and along the rear edges of the blades of the 
first stage of the turbine and the front edges of 
the second stage of the turbine; and other aux 
iliary passage means cooperating With Said CO 
extensive passage to deliver air therefrom to the 
center of Said turbine rotor So that the air may 
be pumped out Wardly through the hollow blades 
of the turbine by their rotation. 
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