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[5 7] ABSTRACT 

A gas turbine of the type having a plurality of axial 
compressor stages. The entire unit is mounted in a tu 
bular support including coaxially mounted compressor 
and turbine blades for rotation independent of one an 
other. The compressor blades are mounted in a ring 
radially inwardly of the ring of turbine blades, a com 
bustion chamber is disposed radially inwardly of the 
ring of combustion ring. The gas ?rst flow through the 
ring of compressor blades and then through the ring of 
turbine blades. 

6 Claims, 6 Drawing Figures 
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GAS TURBINE 

The present invention relates to gas turbines. Gas tur 
bines comprise‘ a compressor in which the ?uid is com 
pressed, a chamber in which the temperature of the 
?uid is increased, usually at constant pressure, and the 
turbine per se in which the ?uid is expanded. 
The invention relates particularly to turbines having 

an axial type compressor. In such a compressor, a rela 
tively large number of stages, twenty or more, have to 
be provided to obtain a large increasure in pressure 
with at an acceptable ef?ciency. These stages are 
mounted on one, two or even three shafts. Not only 
does the overall ef?ciency decrease with increasing 
number of stages, but its operating characteristics are 
not very satisfactory outside the speed range for which 
the compressor has been designed. Moreover, the ?uid 
velocities in the subsequent stages are imposed by the 
preceding stages, so that it is difficult to avoid the 
stages in which the velocity of the ?uid is supersonic. 
Such stages, at the present time, are less efficient than 
the subsonic stages. . 

' The majority of current gas turbines thus comprise a 
compressor unit with numerous rotors and stators, and 
a turbine unit also comprising a plurality of rotors and 
stators. These two units are divided by one or more 
combustion chambers. . 

Thus, gas turbines are relatively voluminous and 
heavy and especially not very versatile in their opera 
tion despite a considerable amount of research work 
which has been carried out to reduce their weight and 
overall dimensions, as well as to increase their range of 
operation. Moreover, the high temperature of the com 
bustion gases at the inlet to the turbine unit, desirable 
for the overall ef?ciency of the cycle, creates a con 
struction problem for the blades driven by the gases. 
Up to now, no really satisfactory solution has been 
found to this problem despite the different cooling ar 
rangements which have been proposed. 
The gas turbine, according to the present invention, 

eliminates these drawbacks. The invention consists in 
a series or turbine wheels, each turbine wheel including 
a ring of compressor blades and a ring of turbine 
blades, the wheels being mounted one after the other, 
and their rotation being independent with respect to 
one another. The gas ?ow pattern in such a turbine is 
such that the gases ?rst pass through the rings of com 
pressor blades and then through the rings of turbine 
blades. 
The mechanical independence of successive wheels 

gives more freedom in the design regarding the solution 
for the circulation of the ?uid. Accordingly all the rings 
of compressor blades can be subsonic, thus of a higher 
ef?ciency than supersonic wheels, while having a high ‘ 
pressure ratio owing to the different rotational speeds 
of the rings of compressor blades, the speed of each 
ring being adapted to the conditions prevailing therein. 
As the various wheels are mechanically independent, 
their rotational speed adjusts themselves automatically 
when running conditions change which provides an ex 
tremely versatile machine able to function efficiently 
within a wide range of operation. 
Owing to the mechanical independence of the differ 

ent wheels, the starting of the turbine is greatly simpli 
?ed since, as a rule, it is su?icient to set a single wheel 
in motion which may be done with a starter of reduced 
power. 
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2 
In case gas lubricated bearings are used, the starter 

may send the quantity of ?uid necessary for the ?mc 
tioning of these bearings, if only for the starting; during 
operation, the gas lubricated bearings may be supplied 
by the ?uid from the compressor unit, or from the 
starter or from both the compressor unit and the 
starter. 

In the embodiment according to the invention, the 
successive wheels rotate in directions opposite to one 
another. This eliminates the necessity of stator vanes 
between the wheels and considerably lightens the con 
struction. Furthermore, the various wheels (except 
possibly those at the inlet and at the outlet) are of the 
reaction type having ?at ef?ciency curves which fur 
ther increases the operating ef?ciency under operation 
conditions, other than those for which the machine was 
designed. 
According to a preferred embodiment, the wheels, 

mechanically independent of one another, each have a 
peripheral ring of blades allocated to the compressor 
unit. On account of the fact that the turbine unit is pe 
ripherally arranged, the efforts exerted upon it are rela 
tively small which minimized the in?uence of the high 
temperature. Moreover, the proximity of the cold por 
tion constituted by the compressor unit is favorable to 
the cooling of the turbine unit. 
Advantageously, this cooling is ensured by the circu 

lation of a ?uid inside the hollow blades of the turbine 
and compressor units which communicate with each 
other, so that each wheel constitutes at the same time 
a heat exchanger allowing to maintain the blade tem 
perature of the turbine unit at a level compatible with 
the characteristics of construction materials presently 
available. 
Thus the provision of the rings of the turbine and 

compressor blades on one wheel not only allows higher 
gas temperatures in the ?rst turbine rings, but also en 
ables heat transfer between the rings of the successive 
wheels which lowers the temperature of the ?uid leav 
ing the turbine unit and increases the temperature of 
the ?uid at the outlet of the compressor unit before it 
enters the combustion chamber. All these factors con 
tribute to improve the thermal ef?ciency of the cycle. 
The heat transfer between the turbine and compres 

sor units enables the elimination of de-icing systems 
and the reduction of the weight of the system in the ma 
jority of cases. 
Owing to the independence of the wheels and the 

?ow of ?uid in the same direction across the turbine 
and compressor units, the axial thrust on each wheel is 
reduced to a minimum, thr thrust corresponding to the 
turbine unit being cancelled out from the thrust corre 
sponding to the compressor unit. 
The turbine according to the invention preferably 

uses gas-lubricated bearings, but other bearings may be 
employed such as sliding bearings, rolling bearings and 
the like, as well as combinations thereof. 

In a particularly compact alternative embodiment, 
the space within the wheels or blade rings is used to 
house the combustion chamber. The central space 
which is surrounded by the axial ?ow wheels is thus 
without inconveniency despite its relatively large diam 
eter when a large amount of energy is to be trans 
formed without excessively increasing the rotational 
speed of the wheels. 
The tubular support for the wheels can therefore ad 

vantageously receive the combustion chamber, its con 
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struction being substantially simpli?ed and reduced in 
weight. 
The entire arrangement has an overall length sub 

stantially equal to that of the compressor stages of a 
standard gas turbine which is much less than that of the 
gas turbines generally in use. 
The gas turbine, according to the invention, may 

work in open circuit, i.e. it comprises a combustion 
chamber in which the ?uid, after being compressed, 
takes part in the combustion of the fuel. It may also 
work in closed circuit, the temperature of the com 
pressed ?uid being increased in a heat exchanger. The 
?uid, after its expansion in the turbine, can be returned 
to the compressor to start a new cycle. 
The following description, made by way of example, 

refers to the accompanying drawings, in which: 
FIG. 1 is a schematic view in cross-section of an em 

bodiment of the gas turbine according to the invention; 
FIG. 2 is a schematic view in perspective of a portion 

of a wheel; 
FIG. 3 is a view of a portion of the turbine according 

to an alternative embodiment; 
FIG. 4 is a schematic view of a turbine in cross 

section according to another alternative embodiment; 
FIG. 5 is a corresponding end view; 
FIG. 6 is a schematic view according to further alter 

native embodiment. 
Referring ?rst to FIGS. 1 and 2, the turbine includes 

a tubular support 10 on which are mounted by means 
of bearings P1, P2 . . . P,,, a certain number of wheels R1, 
R2 . . . Rn, disposed next to one another, enclosed in a 
stator 5. Each wheel R includes a root ring C with 
blades 11 and a peripheral ring T with blades 12. The 
blades 11 of the root ring C may have a different pro?le 
from those of the blades 12 of the ring T in a given 
wheel. 
The heights of the rings C decrease from the ring C1 

to the ring C" and the heights of the rings T increase 
from the ring T1 to the ring T". The ring C2 directly 
faces the ring C1; the ring C3 directly faces the ring C2, 
etc. Similarly, the ring T2 directly faces the ring T, and 
the ring T3 directly faces the ring T2, etc. 
Sealing means 912 are provided between the wheels 

R, and R2 to avoid the ?ow of the gas from a compres 
sor ring to a turbine ring or vice versa. Sealing means 
are also provided between the wheels R and the stator 
5. 
The blades 11 are mounted between an inner shroud 

8 and an intermediate shroud 7 (FIG. 2), and the 
blades 12 are mounted between an intermediate shroud 
7 and an outer shroud 6. In an alternative embodiment, 
the outer shroud may be omitted. A set of ?xed vanes 
4 is disposed between the ring C1 and the air inlet ori 
?ce 13. A de?ector 14 positioned in front of the ring 
C" directs the ?uid ?ow leaving the ring towards the 
inlet 15 of the combustion chamber 16 having an inner 
line 17 housed inside the tubular support 10. The fuel 
injection system 18 and an ignition system are disposed 
in the vicinity of the inlet 15 of the chamber 16. An an 
nular space is provided between the inner liner 1? and 
the tubular support 10. The liner 17 has passages 20. 
The outlet of the combustion chamber 16 is provided 
by manifold 21 which opens into a collector 22 whose 
outlet faces the peripheral ring T1. 
The pressure of the air or other ?uid admitted 

through the intake 13 is increased by the ?rst ring of 
blades C1, which delivers the ?uid to the second ring 
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4 
C2, etc. the rings acting as the successive stages of a 
compressor. The air leaving the last ring C,, at high 
speed and pressure flows through the inlet 15 into the 
combustion chamber 16. The combustion of the fuel 
injected by the system 18 takes place in the chamber 
16 and the high temperature combustion gases are con 
veyed by the manifold 21 to the collector 22 facing the 
peripheral ring T1. The gases, after having put the ring 
T1 into rotation by the turbine effect, leave the ring T1 
and enter the ring T2, etc. until the ring T,,, rings T1 to 
T7, acting as the successive stages of a multistage tur 
bine. 
The blades of the wheels R are advantageously ar 

ranged so that wheel Rz rotates in a direction opposite 
to that of the wheel R1, the wheel R3 rotates in the same 
direction as the wheel R1, etc. 
The gas ?ow leaving from the peripheral ring Tn may 

serve for the reaction propulsion for the vehicle on 
which the turbine is mounted. 

It may also serve to drive a free-power turbine wheel 
25 mounted on the power output shaft 26, as shown in 
dotted lines in FIG. 1. 

Part of the air delivered by the last compressor stage 
C,,, instead of being introduced into the combustion 
chamber 16, is used to cool the inner liner 17 of the 
chamber by circulating in the annular space 19. A frac 
tion of this air passes into the chamber 16 through the 
passages 20 provided in the liner 17. It may be used to 
feed the gas lubricated bearings. 

In an embodiment according to the invention a blade 
11 of the ring C and a blade 12 of the peripheral ring 
T of the same wheel R are hollow i.e. provided with an 
interior compartment 27 and 28 respectively (FIG. 2), 
the compartments being in communication with one 
another. 

In a further embodiment, the shroud 7 is hollow and 
communicates with the compartments of the blades 
mounted thereon. A cooling ?uid for example sodium 
is stored in the compartments 27 and 28 and possibly 
in the hollow shroud. Since the turbine blade 12 is at 
a higher temperature than the compressor blade, the 
temperature of the sodium in the compartment 28 
therefore increases and its density decreases which in 
turn reduces the centrifugal force, so that the sodium 
tends to return to the compartment 27 where it cools 
down because of the lower temperature of blade 11. 
After cooling down by the increased effect of centrifu 
gal force, the ?uid reaches compartment 28. A circula 
tion of cooling ?uid is thereby effected which is favor 
able to the cooling of turbine blade 12. 
The blades may be arranged as heating pipes. 
The axial thrust exerted upon each wheel is relatively 

small because the wheel comprises a turbine ring and 
a compressor ring, the ?uid ?owing in the same direc 
tion across the turbine ring and in the compressor ring. 
A wheel R is mounted on the support 10 and a hydro 
static, hydrodynamic or combined gas lubricated bear 
ing P is used. 

In another embodiment of the turbine, each wheel R 
comprises not only a compressor ring C and a turbine 
ring T, but also a peripheral fan ring S, as shown in dot 
ted lines in FIG. 1. 

In the embodiment shown in FIG. 3, an inner casing 
31 is provided between the inner liner 17 of the com 
bustion chamber 16 and the support 10 for the wheels 
R. The air ?ow'coming out of the compressor is circu 
lated in the space 32 between the inner casing 31 and 
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the tubular support 10 which aids the cooling of the 
casing and possibly the operation of the gas lubricated 
bearings P. 
Referring now to FIGS. 4 and 5, an embodiment is 

shown in which the combustion chamber 40 is disposed 
beyond the wheels R. The fuel intake is located at the 
end 41 of the chamber opposite to the end 42 adjacent 
to the wheels R. The air ?ow under pressure by means 
of the compressor rings of blades C, reaches the end 41 
after circulating in an annular space 43 disposed be 
tween an inner liner 44 of the combustion chamber 40 
and an outer casing 45. The air circulation inside the 
space 43 aids the cooling of the inner liner 44. Passages 
46 are provided in the liner 44 for a second air ?ow. 
Combustion gases leave the chamber through mani 

fold 47 which winds round the wheels R and open into 
the collector 48 which in turn opens into a ring of stator 
vanes 49 positioned in front of a turbine ring 51, the 
ring of stator vanes being integral with a wheel 52 
which is followed by a set of stator vanes 50. The stator 
vanes precede the wheel R1. The wheel 52 is integral 
with the shaft 53, this shaft acting as the force output 
shaft, the wheel 52 being positioned in front of the 
combustion chamber with respect to the body of the 
wheel R. The stator 50 may act as a bearing for the 
shaft 53. After passing through the peripheral turbine 
ring .51 and the stator 50, the combustion gases reach 
the peripheral ring T1 of the wheel R, etc. The combus 
tion gases delivered by the turbine T" of the last wheel 
Rn may provide a jet propulsion for the vehicle on 
which the arrangement is mounted. Gases are ex 
hausted at the end opposite that which’ is adjacent to 
the shaft 53. 
The turbine 51 is the ?rst element by which combus 

tion gases pass which is favorable to its use as free 
power turbine. Moreover, it advantageously includes a 
compressor stage 56. 
The turbine 51 has the slowest rotational speed of all 

the turbines of the machine which enables the use of a 
speed reducing mechanism of simple construction be 
tween the shaft 53 and a propeller. 
According to an even further embodiment of the in 

vention, two turbines are arranged to drive two coaxial 
propellers at the front of the machine. 

In the embodiment shown in FIG. 6, the gases leaving 
the compressor stages C1 - C6 ?ow through manifold 61 
which returns them to the inlet of the machine where 
they enter an annular combustion chamber 62. Com 
bustion gases are led to the ?rst peripheral turbine ring 
under the same conditions as in the preceding embodi 
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6 
ment via a stator. In this embodiment, there is not a tur 
bine ring on each wheel. In the example, the ?rst wheel 
includes a compressor ring C1, a turbine ring T1 and a 
second compressor ring C2. The rings C1 and C2 are 
separated by a stator. The second wheel includes two 
compressor rings C3 and C4 separated by a stator and 
a turbine ring T2 which is separated from the ring T1 by 
a stator. Such an arrangement may also be provided in 
the above-described embodiments. 

I claim: 
1. A rotating machine driven by ?uid comprising a 

housing de?ning an envelope of revolution opened at 
?rst and second ends, a multiplicity of contiguous coax 
ial rotor wheels within said envelope, supporting means 
for rotatively supporting each wheel, each wheel com 
prising a ?rst series of annular blades and a second se 
ries of peripheral blades, the heights of the blades of 
the ?rst series progressively decreasing from one wheel 
to the next along a direction extending from said ?rst 
end to said second end of the envelope, and the second 
series of blades of the wheels being of a progressively 
increasing height from one wheel to the next relative to 
the same direction, and guiding means for guiding the 
fluid that passes through the ?rst series of blades of the 
wheels along said direction from said ?rst end to said 
second end in order to direct it to face the second series 
of blades of the wheel at said ?rst end, said guiding 
means comprising a combustion chamber ?xed and 
housed within said supporting means. 

2. A rotating machine according to claim 1, wherein 
the blades of the ?rst series and the blades of the sec 
ond series of a rotor wheel are hollow, and further com 
prising means for providing a fluid connection between 
the inside of a blade of the ?rst series with the inside 
of a blade of the second series. 

3. A rotating machine according to claim 1, wherein 
a rotor wheel comprises in addition to a ?rst series of 
blades adjacent supporting means and a second series 
of blades, a third series of peripheral blades. 

4. A rotating machine according to claim 1, wherein 
the blades of the ?rst series are compressor blades and 
the blades of the second series are turbine blades, and 
one wheel supports two series of compressor blades 
and one series of turbine blades. 

5. A rotating machine according to claim 1 wherein 
each of the wheels is supported by a gas bearing. 

6. A rotating machine according to claim 1 wherein 
each of the wheels is supported by a hydrostatic bear 
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