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1. 

My invention relates to gas turbines and, 
more specifically, to a unique and novel method 
for cooling the blading of a turbine that is nor 
mally exposed to gases of extreme temperatures. 
My principal objective is to provide an ar 

rangement for cooling the turbine blading Where 
by the turbine may be safely operated with 
gases at exceedingly high temperatures. Such 
a method not only enables the use of extraordi 
narily high initial temperatures, but also allows 
the efficient utilization of the heat that is ab 
stracted in cooling the turbine blades. 
A further feature is that the principal disad 

vantages of up-to-date gas turbine plants, 
namely the insufficient magnitude of the avail 
able adiabatic expansion gradient and the detri 
mental low permissible heat intake temperature 
are to a large extent overcome by my method. 

Additional features and advantages of my 
cooling method will be apparent as I proceed 
with the description. 
With reference to the dira, WingS— 
Fig. 1 shows a schematic diagram of a dual gas 

turbine system incorporating my turbine blade 
cooling method; 

Fig. 2 shows a partial sectional view through 
the primary turbine blading; 

Fig. 3 shows a transverse sectional view 
through the turbine blading; and 

Fig. 4 shows a view similar to Fig. 2 of a modi 
fication of my invention. 

In Fig. 1. I have shown a schematic diagram 
of a dual gas turbine system incorporating my 
turbine blading cooling method. Briefly, the 
component parts of this system, which may be 
adapted to either aircraft, locomotive or other 
similar types of load, are as follows: 
The high speed single or two stage partial ad 

mission gas turbine 0 drives a low pressure 
stage air compressor and a high pressure 
stage air compressor 2. Between the low pres 
sure compressor it and the high preSSure COIn 
pressor 2 is an inter-cooler 3 for maintaining 
the temperature of the air 60 taken in by the 
low pressure stage f at a low level. The com 
bustion air 6 delivered by the high preSSure 
stage 2 is conveyed through passage 4 through 
a regenerator 5 where it is preheated by the 
exhaust of turbine 20 and thence to the continu 
ous pressure combustion vessel 6. Fuel pump 

sprays fuel 66 at the suitable rate into the 
combustion vessel 6 and the formed combustion 
gases 62 are directed through the expansion 
nozzle 8 upon the turbine blading 9. 
A low speed multistage complete admission 

turbine 20 which is energized by the exhaust 63 
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of the primary turbine to drives a load 2 
through a reduction gear 22. In addition, an 
other turbine 23 of suitable design may be used 
for driving an additional low pressure stage air 
compressor 24 for supplementing the air 60 de 
livered by the low pressure compressor it. The 
intermediate pressure gas discharge 63 of tur 
bine i0 is conveyed through duct 25 to a diverter 
regulator 26 which has the function of appor 
tioning the power gases 63 between turbines 20 
and 23 or, in the event of emergency, to release 
the power gases 63 through duct 27 to the atmos 
pheric exhaust 64. Diverter 28 has the purpose 
of regulating the air flow division between fur 
ther compression by compressor 2 and employ 
ment in the secondary power cycle of turbine 0 
in effecting the cooling of its blading 9 and the 
Subsequent utilization of the acquired available 
energy content. 
A pressure adjuster 29 is used to equalize the 

delivery pressure of compressor 24 with that of 
compressor . Also indicated is a starting 
motor 30 for furnishing the initial rotating im 
pulse to the turbine 0 and compressors 
and 2. 

This system is designed to allow operation with 
extraordinarily high turbine intake temperatures 
in allowing low combustion air rates, i. e. re 
stricting air dilution of the combustion gases to 
the largest permissible extent, and with radically 
higher compression ratios. Such design charac 
teristics are rendered possible owing to the ap 
plication of a novel system of cooling those tur 
bine blades which are exposed to gases of ex 
treme temperatures, and to the division of the 
turbine system into a high speed single stage 
partial admission turbine and one or more lower 
speed full admission turbines. In any event 
the high speed turbine 0 drives the air com 
pressors if and 2 which together are allowed to 
rotate at extremely high speeds, (over 20,000 
R. P. M.). This latter feature besides tends to 
wards space and weight economy of the power 
plant. 
The ultra high speed turbine fe driving the 

main air compressors and 2 is designed to 
operate at a maximum rotational speed allow 
able with respect to mechanical stresses due to 
centrifugal forces generated. Consequently, de 
sign considerations dictate development of this 
turbine as a one or two pressure stage action, 
partial admission type; of course, its bladings 9 
may be designed to have SOne reaction. The 
turbine nozzle 8 expands the combustion gases 
62 as delivered by the continuous pressure com 
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bustion vessel 6 at a pressure of about twelve 
atmospherics or more down to the intermediary 
back pressure between high pressure turbine O 
and the low pressure turbine 20; that is, to a 
pressure of 2 to 6 atmospheres, which is the intake 
pressure for turbine 20. Turbine 20 drives the 
performance load 2, for instance a locomotive, 
and in turn exhausts at atmospheric preSSure. 
The low pressure turbine 20 is designed as a 

multistage, complete admission type containing 
several pressure stages and Suitable velocity 
Stages. In order to restrict the size and Weight 
of this turbine to advantageous proportions in, 
for instance, aerial application, a reduction gear 
22 is interposed between the turbine 20 and the 
load 2 í and the speed reduction ratio is one de 
termining factor as to the number of stages used 
in the turbine 20. In design, a suitable compro 
mise is to be struck between turbine diameter, 
number and kind of stages and the reduction 
ratio of the gear in accordance with the particular 
application. 
The employment of an additional low pressure 

air compressor 24 driven either by turbine 20 
directly or by a supplementary turbine 23 shown 
in Fig. 1 is optional but recommended for achiev 
ing highest efficiencies. This compressor simply 
relieves the load demand on the turbine 0. 

All outstanding feature of the recommended 
turbine system is the internal cooling of the 
high pressure turbine 0 by compressed air. 
This method affords several important advan 

tages. It makes practicable the use of extraor 
dinary high initial gas temperatures and allows 
efficient utilization of the heat abstracted in 
cooling the turbine blades 9. It also eliminates 
the detrimental effect of partial admission adopt 
ed for the high pressure turbine 0. It provides 
complete employment of the otherwise only par 
tially active impulse wheel S2 and consequently 
greater benefits from the respective machinery 
investment. It allows the application of exceed 
ingly large expansion gradients in the primary 
turbine cycle, owing to the Small combustion air 
rate practicable in the primary cycle, and to Some 
extent, in the secondary turbine cycle, Owing 
to the dynamic boost imparted to the cooling air 
65 in the primary turbine 0. It should be noted 
that in this process the heat.released at combus 
tion and taken into the thermodynamic proceSS 
at extraordinary high temperature is subjected 
to a nearly continuous temperature gradient. 
The irreversible temperature drop occurring in 
the primary turbine 0 is rather Small and its 
detrimental effect thermodynamically insignifi 
cant, as can be visualized readily by inspection of 
a temperature-entropy diagram. The method 
also provides ample augmentation of the maSS 
flow through the low pressure turbine 20 in a 
thermodynamically highly efficient manner. 
This method of internal cooling is illustrated 

diagrammatically by Figs. 2, 3 and 4. It consists 
in passing precompressed air 65 through that 
sector 3 of the turbine wheel 32 which is not 
occupied by the jet of power gases 62. Thus, while 
the blades 9 are heated in passing through the 
sector 35 of Fig. 3 occupied by the exceedingly 
hot power gases 62, they are cooled down again 
as they pass through the stream of cooling air 
65 in sector 3 of Fig. 3. Consequently, the blades 
49 are maintained at a temperature much lower 
than that of the combustion gases 62. In this 
process the cooling air 65 is energized by the tur 
bine wheel 32 acquiring, in addition to heat, a 
boost in velocity as well as in pressure. With 
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4. 
regard to the further mechanical utilization of 
the heat thus absorbed the air pressure rise effect 
ed should be promoted by design and as far as 
possible to take place before the absorption of 
the heat. 
Two modifications of this blade cooling System 

are available. The One of these illustrated by 
Figs. 2 and 3 is distinguished by simplicity. The 
secondary air taken from the low air compressor 
stages and 24 of Fig. 1 enters the turbine blad 
ing 9 near the root and, due to appropriate guid 
ing and to Centrifugal action, paSSes over the 
blades 9 in approximately radial directions. 
Thereby it is heated in cooling the blades f9 and 
brought up to a higher velocity potential. From 
the turbine wheel 32 the air enters a stage of 
stationary guide blades (not shown in Fig. 2) 
which guide the air flow Smoothly into the duct 
25 leading to the low preSSure turbine 20 which 
utilizes the energy acquired by the cooling air 
in passing through the turbine Wheel 32. In 
addition, the guide blades mentioned may be 
So shaped and positioned as to act as diffuser; 
that is, to convert the acquired Velocity potential 
partially into pressure. In Such a design an ad 
vantageous balance must be struck between losses 
related to the diffuser action and the subsequent 
re-expansion in turbine 0 on the one hand and 
the advantage gained by the accomplished pres 
sure rise and reduction of flow velocity on the 
Other. This advantage consistS in that the cool 
ing air 65 needs to be compressed by the air com 
preSSOr only to a correspondingly lower initial 
pressure, for at any rate, the Secondary air must 
leave turbine 0 at the Same back pressure as 
the power gases, which is the intermediary back 
preSSure; or With the same air compression ratio, 
a higher intake pressure for turbine 20 is 
achieved. The Secondary action of the cooling 
air amounts to a reduction of the power input to 
the air compression equipment and a correspond 
ingly increased power flow to the turbine 20. 
This circumstance affords an important means 
for effecting load apportionment between turbine 
0 and turbine 20, namely, by varying the air 

flow rate in the cooling air 65 cycle. It should 
be noted that the pressure within the turbine 
casing 35 of turbine O is very nearly that of 
the intermediary preSSure or back pressure 
against which the turbine 0 discharges. 
A modification of my cooling method is shown 

in Fig. 4. This method employs a distinct com 
pressor stage 40-4, integral with the turbine 
0. The impeller blading 42 is mounted on the 

turbine shaft 43 ahead of the turbine wheel 44 
and imparts mechanical energy, derived from 
the turbine cycle through the turbine Shaft 43 
to the cooling air 65 delivered at intermediary 
pressure level by the regular air compressor 
through duct 4. The acquired velocity poten 
tial is then partially converted into pressure 
energy in passing through the appropriately de 
signed blading 46 provided for the cooling air 65 
and which is a part of the compressor stage 
40-4; the blades 46 also guide the air 65 So as 
to enter the turbine wheel 44 closely in the di 
rection of the leading edge of the blades 45 which, 
of course, is of importance with regard to avoid 
ing Shock losses. In cooling the blading 45 the 
Secondary air 65 therefore abSorbs heat at a con 
siderably higher pressure level than in the al 
ternative method described above. Again, the 
pressure level of the heat intake decidedly deter 
mines the thermal efficiency of utilization of the 
heat. 
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The primary advantage of this latter method 
is that it enables absorption of the heat by the 
cooling air 65 at a higher pressure level through 
Out, that is, considerably above the intermediate 
back pressure between turbine and turbine 
28. It will be noted that in the more primitive 
method indicated above, most of the cooling heat 
is absorbed merely at the intermediate back pres 
Sure, if indeed, not slightly below it, and, par 
ticularly that the heat due to cooling of the tur 
bine blades is absorbed before any occurring pres 
Sure rise, whereas, it is imperative thermody 
na.nically that the pressure rise precede the 
heating. 
The second important advantage of this alter 

native is the gas dynamic refinement achieved. 
Particularly, it should be observed that in the 
Glore prinitive method described above, there is 
SOIine interference between the jet of Combus 
tion gases 62 traversing through the turbine 
blading 35 essentially in axial direction and the 
Stream of cooling air 55 which flows through the 
turbine blading 33 in inore or less radial direc 
tionS. 3esides, the difference of the absolute 
Velocity of the cornbusticin gases 62 and of the 
cooling air 5 is greater. She interference re 
Sults in exchange of noinenturn between the 
combustion gases 32 and the cooling air É5 with 
the Consequence of corresponding energy degen 
eration. Such losses increase With the involved 
Velocity difference. 
Another poSSibility of arrangement is similar 

to the method as pointed out above, but elimi 
nates the auxiliary booster inapeller S. his 
ImOdification is markad by greater simplicity but : 
lower efficiency as compared with the second 
i method. 

Necessarily, the combustion gases 2 and the 
heated cooling air 65 leave turbine at a con 
mon intermediary exhaust pressure although 
they differ considerably in tenperature. Ne Ver 
theless, since the content of available energy is 
not affected materially during the intermixture 
of gases of equal pressure but of raoderately dif 
ferent temperature level, maintenance of the 
separation of the cornbustion gases 2 and of the 
heated cooling air 65 is not warranted, particu 
larly in view of the achinery complications 
which Would be in Voived. 
The gas discharge of turbine which is of a 

pressure level of 2 to 6 atmospheres is conducted 
into turbine 28 and possibly to an eventually 
employed turbine 23, Fig. 1. The employment 
of regeneration, such as indicated in Fig. 1 by 
regenerator 5 and duct is is an obvious device 
for improving the heat economy through pre 
heating the combustion air by Waste heat. 
Yet, in instances of turbine applications where 
extreme machinery weight reduction is a Su 
preme factor, these devices may be omitted, of 
course at the cost of a corresponding inpairinent 
of the overal fuel econoily. 

it is emphasized that the described dlal gaS tur 
bine system with cooling the blades of a primary 
ultra speed gas turbine is applicable to What 
ever working substance enployed, for instance 
steam, and furthermore may be applied for closed 
gas or steam turbine cycles such as become of 
extraordinary importance for eficient utilization 
of atomic energy for power generation. 
While the invention has been described in die 

tail. With respect to a present preferred forral 
which it may assume, it is not to be limited to 
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Such details and form since many changes and 
modifications may be made in the invention with 
out departing from the spirit and scope of the 
invention in its broadest aspects. Hence, it is 
desired to cover any and all forms and modifica 
tions of the invention which may come within 
the language or scope of any one or more of the 
appended claiias. 

È claim: 
1. In a power System, a rotatable shaft, a tur 

bine Wheel thereon having a plurality of blades 
rota table in an annular path, an impeller Wheel 
Oil Said shaft adjacent the turbine Wheel and 
having blades thereon, ineans to pass compressed 
Cooling air into contact with said blades of the 
i:ilpeller Wheel, reans to pass coin bustion gases 
into contact with the exterior Surfaces of said 
turbine blades throughout a predetermined seg 
ment of Said annular path, fixed blades posi 
tioned between the inapeller wheel and turbine 
Wheel to guide the compressed air into contact 
With Said exterioi Surfaces of the turbine blades 
throughout the remaining Segment of Said an 
Ntuliar patih. 

2. A powei Systein coprising a high pressure 
turbine and a low-pressure turbine, said high 
pressure turbine being mounted on a rotatable 
shaft and having a plurality of blades rotatable 
in an annular path, a low pressure compressor 
and a high pressure coil preSSor mounted on said 
shaft, a coabustion vessel coinnected to the high 
pressuire compressor, neans for paSSing fuel and 
high pressure air into the cornbustion Wessel to 
for in cobustion gases and thein to the high pres 
Suire turbine into contact with the exterior Sur 
faces of said turbine blades throughout a pre 
deterizined Segment of Said annular path, means 
to pass compressed cooling air from Said low 
pressure compressor into contact With Said ex 
terior Surfaces of the turbine blades throughout 
the remaining segiinent of Said annular path, 
thereby cooking the blades and heating the con 
pressed air, and means to pass the mixture of 
combustion gases and compressed cooling air to 
said low pressure turbine to serve as a therno 
dynamic working substance. 
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