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ABSTRACT: A turbine cooling construction for use in a gas 
turbine engine which permits the use of stoichiometric tem 
peratures within the turbine. More specifically, an inlet tur 
bine temperature in excess of 3,000°F. may be utilized. 
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TURBINE COOLING CONSTRUCTION 

BACKGROUND OF THE INVENTION 

This invention relates to gas turbine engines, and more 
specifically to a cooling construction for the turbine com 
ponents of a gas turbine engine. 

Fundamentally, gas turbine performance is directly related 
to the temperature of the gas entering the turbine. The 
benefits to be expected from cooling of gas turbine com 
ponents, both in terms of higher output and higher efficiency, 
are so well known as to require no further elaboration Many 
proposals have been directed to this end, particularly to the 
cooling of the turbine blades, which are the most critical 
point, in the turbine wheel. Notwithstanding these schemes, 
most gas turbines are kept within endurable temperature 
limits simply by diluting the motive gases with excess air, 
which results in low efficiency. 

In most of the prior art constructions, turbine disks and 
buckets have been cooled by circulation of air over or through 
the wheel and through the buckets. Since very considerable 
amounts of air are required for a small degree of cooling and 
the air must be forced through against the pressure of the tur 
bine motive fluid, this too is inefficient. 
The present invention avoids the penalties to efficiency by 

employing a cooling construction which employs a cryogenic 
fuel as the cooling fluid. The use of this type system represents 
a significant advancement in turbine cooling technology since 
its effectiveness is such that turbine inlet temperatures, cor 
responding to stoichiometric fuel-air ratios, may be achieved. 
More specifically, this means that turbine inlet temperatures 
may be almost doubled in relation to current engines and that 
substantial gains in gas turbine performance can be realized. 

SUMMARY OF THE INVENTION 

The primary object of the present invention is to provide a 
turbine cooling construction, the effectiveness of which is 
such that turbine inlet temperatures corresponding to 
stoichiometric fuel-air ratios may be achieved, hence provid 
ing substantial gains in gas turbine performance. 
The present invention accomplishes the foregoing objective 

by using a cooling fluid which is a cryogenic fuel. The coolant 
is supplied from an external source to a first flow path means 
which is in communication with passageways within both the 
turbine disk and turbine blades; therefore, the coolant flows 
from the external source through the turbine wheel and 
blades, hence maintaining the foregoing components at a 
desired temperature. The actual metal temperatures of the 
turbine disk and blade are controlled by the coolant velocity, 
which is a function of the flow coefficient through the 
passageways of the first flow path means, the turbine disk, and 
the turbine blades. 
To provide an overall turbine with a substantially increased 

efficiency, a third flow path means is provided to the turbine 
nozzle upstream of the turbine disk and blades. The third flow 
path is in communication with a second flow path hereinafter 
described, and transmits the coolant fluid from the turbine 
disk area to the turbine nozzle vanes, which contain 
passageways for the flow of the coolant therethrough. It 
should be clear, therefore, that the coolant cools not only the 
turbine disk and blades but also the turbine nozzle vanes, the 
metal temperature of each being a function of the flow coeffi 
cient of each flow path means. The second flow path means 
hereinbefore mentioned transmits the fluid from the turbine 
disk exit area to the combustion chamber which is normally 
located upstream of the turbine nozzle vane. The combustion 
chamber contains injector means for injecting the coolant, 
which is a cryogenic fuel, into the combustion chamber and 
hence provides an additional source of motive gases to the tur 
bine. 
The present invention additionally handles a problem which 

is generally associated with a cooling construction which util 
izes a fuel as the cooling medium, the problem generally being 
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one of an increased fire hazard in the engine. In the preferred . 
embodiment of the present invention, the turbine disk is util 
ized to provide an air compartment forward or upstream of 
the disk, while providing a fuel compartment aft or 
downstream of the disk. This substantially minimizes the fire 
hazard within the present construction. . 

BRIEF DESCRIPTION OF THEDRAWING 
FIG. is a schematic cross-sectional showing of the turbine 

cooling construction of the present invention in a gas turbine engine. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to the single FIGURE, the turbine cooling 
construction of the invention is shown as applied to a turbojet 
engine of conventional design, the Savin U.S. Pat. No. 
2,747,367 being a typical example. The engine includes a 
compressor, not shown herein, which discharges air into com 
bustion chamber 2. Fuel is suitably supplied to combustion 
chamber 2 and the products of combustion are utilized to 
drive turbine 4. 

Positioned around turbine 4 is turbine casing 6 within which 
is positioned a supply means 80 for supplying a cooling fluid, 
hereinafter described in greater detail. The turbine 4 includes 
a turbine rotor assembly including turbine wheel or disk 8, on 
which is mounted a plurality of turbine blades 10. The center 
of the turbine disk 8 is closed whereby the disk 8 forms a solid 
wall facing the forward compartment 60. Positioned within 
turbine disk 8 is a plurality of passageways 12, the 
passageways 12 having appropriate inlets 14 and outlets 16. 
The inlets 14 and outlets 16 of the disk open to the rearward 
side of the solid wall formed by the disk. Similarly positioned 
within each of the turbine blades 10 is a plurality of 
passageways 18, the passageways 12 and 18 being in commu 
nication with one another. Extending from supply means 80 in 
turbine casing 6 is first flow path means 20. As herein illus 
trated, first flow path means 20 comprises a double-wall con 
struction, one wall being indicated by the reference character 
22 and the second wall by the reference character 24. In the 
present embodiment, first flow path means are shown as 
passing through a passageway 26 in exit guide vane 28 posi 
tioned downstream of the turbine 4, it therefore being clear 
that at least exit guide vanes 28 may be cooled by any coolant 
flowing through the exit guide vanes. 
As to the coolant, it has been found desirable from the 

standpoint of engine-thrust weight performance to employ a 
coolant with both a coolant and a fuel. Generically, it has been 
found that a cryogenic fuel satisfies this criteria. In the cooling 
construction of the present invention the coolant is supplied to 
the supply means 80 from where it flows through the first flow 
path means 20, through exit guide vanes 28 and hence con 
nectively cools the exit guide vanes 28. The coolant continues 
to flow through first flow path means 20 to turbine disk inlet 
14 and then internally of turbine disk 8 through passageways 
12 and turbine blades 10 through passageways 18. As herein 
before noted, the passageways 12 and 18 are in communica 
tion and it should be noted that for the sake of simplicity only 
one passageway in the dish, one turbine blade, one 
passageway in the turbine blade, one exit guide vane and one 
passageway in the exit guide vane have been illustrated, and 
that obviously in the usual engine construction, this is not the 
conventional construction. 

It has been successfully demonstrated that by causing a 
cryogenic fuel to flow through first flow path means 20, and 
the turbine disk 8 and turbine blades 10, as hereinbefore 
described, that it is possible to run a stoichiometric turbine, or 
more specifically, a turbine with an inlet temperature in excess 
of 3000 F. The construction of the first flow path means 20 
and other flow path means hereinafter described is of sig 
nificance in that at the flow coefficient through these flow 
path means that actually controls or determines the level of 
the metal temperature of the turbine disk 8 and turbine blades 



3,600,890 
3 

10. More specifically, metal temperatures throughout the en 
tire turbine construction are controlled by the coolant velocity 
which is controlled as a function of the flow coefficient of the 
flow paths. 
The coolant flow after convectively removing heat from the 

turbine 4 exits from disk 8 as at outlet 16. It enters second flow 
path means 30 which like first flow path 20 comprises a dou 
ble-wall construction as indicated at 32 and 34. As illustrated 
in the present embodiment, second flow path means extend 
from outlet 16, through turbine casing 6 and passes forwardly 
to combustion chamber 2. Combustion chamber 2 includes in 
jector means 36 through which air from the engine compres 
sor (not shown) and the coolant are injected into combustion 
chamber 2. It should be clear that the present system by 
recovering the turbine coolant and utilizing it as a primary fuel 
significantly reduces engine fuel consumption and improves 
engine efficiency. 
The cooling construction of the present invention includes 

one other flow path means, i.e., a third flow path means 40 
which extends from the second flow path means 30 through 
turbine inlet nozzle 42 and into injector means 36. As herein 
before explained, only one nozzle vane 42 and coolant 
passageway 46 are illustrated for purposes of simplicity. The 
construction of the third flow path means is similar to the first 
and second flow path means and comprises a double-wall 
passageway as indicated by reference characters 48 and 50. 
A problem generally associated with a cooling system using 

fuel as the coolant is the fire hazard involved. The present em 
bodiment of the invention minimized the fire hazard by com 
partmenting the engine with turbine disk 8. More specifically, 
all engine air remains forward of disk 8 as in compartment 60 
and any free coolant or cryogenic fuel is contained aft or 
downstream of disk 8 as in compartment 62. 
We claim: 
1. In a gas turbine engine including a combustion section, a 

turbine section and an exit section, a double walled outer cas 
ing extending around said combustion section, turbine section 
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4 
and exit section, said turbine section including a turbine rotor 
mounted for rotation therein, said rotor including a rotor disk, 
a plurality of blades mounted on said turbine disk, the center 
of said rotor disk being closed, said rotor disk thereby forming 
a solid wall, fixed means extending rearwardly from said disk 
with its outer wall forming an annular exit passageway with the 
casing, inlet means at the rear end of the exit section of the 
double walled outer casing for admitting a cryogenic fluid, exit 
guide vanes extending between the inner wall of said double 
wall casing and the outer wall of the fixed means within said 
annular exit passageway, said fixed means being double walled 
with a central passage means connecting the rear double wall 
to a location adjacent the rear of the disk and a concentric 
passage means connecting the front double wall to a second 
location adjacent the rear of the disk, said exit guide vanes and 
cooperating double walls being divided so that the double 
walled casing around said exit section is connected to the rear 
part of the double walled fixed means and the forward part of 
the double walled fixed means is connected to the double 
walled casing around the turbine section and combustion sec 
tion, said disk having passageways therein which have inlets at 
one location and exits at another, said passageways being con 
nected to passages in the blades, means connecting the inlets 
of said passageways to said central passage means and the 
exits to said concentric passage means, a double walled inner 
casing located radially inwardly from the double walled casing 
and forwardly of the turbine rotor forming an annular com 
bustion chamber with said double walled outer casing, turbine 
inlet nozzles extending between the double walled outer cas 
ing and the rear end of the double walled inner casing just up 
stream of the blades, said nozzles having a passageway 
therethrough connecting the interior of the two double walls, 
a plurality of injection means connecting the double walled 
outer casing to the forward end of the double walled inner cas 
ing, said injection means having openings for injecting a fluid 
into the combination chamber.   


