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The present invention relates to improve 
ments in gas turbines, and consists of the 
details hereinafter more fully described. 

'l‘he attempts to construct an eiiicient and 
economically _ working gas turbine have 
hitherto proved unsuccessful on account of 
the high temperature and considerable me 
chanical strains to which the material of 
such a gas turbine is exposed. _It has in 
deed been attempted to reduce the combus 
tion temperatures by internal cooling, for 
example by the injection of water or the 
supply of air in excess of the amount re 
quired to support combustion. Other in 
ventors again have attempted to overcome 
the difficulty by a generous water-cooling 
of the hot walls. Such loss of energy, how 
ever, always occurs so that such attempts in 
this direction, up to the present, have met 
with no success. ’ 
The present invention deals with a new 

working method for gas turbines which 
avoids these difficulties and which, therefore, 
assures an economical working, hitherto un 
known, with all kinds of fuels. As is more 
clearly explained below, the turbine is oper 
ated according to the constant pressure 
principle. The construction and working 
method of the turbine are such that the im 
portant working parts exposedto high 'tem 
peratures are effectively cooled, but that the 
amount of heat conducted ofil may be prac 
tically all employed again for the further 
working process. 

Fig. 1 shows diagramatically the turbine 
with its most important detail and in its 
working method. 

Fig. 2 shows diagrammatically the con 
struction of the turbine with the principal 
apparatus belonging thereto. 

Fig. 3 shows diagrammatically a three 
stage compressor. 

Fig. 4: shows 
stage compressor. 

Figs. 5, 6 and 7 are details of one form of 
bla de. 

of modified 

diagrammatically a one 

Figs. 8 and 9 are details 
blades. 

Figs. 10 and 11 show 
associated blade. 

details of a root and 
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Figs. 12 to 15 show one method of securing 
the blades to a blade rim. v 

Figs. 16 to 20 show a modified 
securing the blades to a blade rim. 

Figs. 21 and 22 show details of a double 
blade. 

Figs. 23 to 26 illustrate several forms of 
head construction of the blades. 

Fig. 27 illustrates a construction of the 
combustion chamber used for high tempera 
ture. 

Fig. 28 is a View similar to Fig. 2, but 
showing the structural features with greater 
detail; and Fig. 29 is a cross-section on line 
29-29 of Fig. 28, with parts broken away. 
According to Fig. 1 the turbine is oper 

ated in general by air and combustion gases, 
and consists therefore of the rotor 1 for the 

' air stage and the rotor 2 for the gas stage, 
both rotors being indicated as mounted 
rigidly on the same shaft. The air serves 
in the first place for cooling the rotor disc 
and the hollow turbine blades 8 and 4. In 
the method described below the cooling air, 
in order that it may afterwards be employed 
as operating air in the air stage, is com 
pressed in the compression vanes 5 and by 
the hollow blades 3 and 4. By cooling ad 

method of l 
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ditional parts the compressed air takes up V 
further amounts of energy in the form of 
heat, and is conducted to the air turbine 
rotor 1 as operating air. The air leaving 
the rotor 1 retains a certain compression 
and acts> as combustion air for the ensuing 
combustion in the chamber 11. The com 
bustion gases finally strike against the 
rotor 2. ’ 
The most important features of the inven 

tion consist in the novel compression of the 
air, of the cooling effect, and in the use of 
the hollow blades. 
While practically all previously known 

gas turbines require a special air compressor 
in a special casing the ‘compression in the 
present invention occurs in the turbine 
rotors ï, 2 (Fig. 1 or 2) which for this pur 
pose possess vanes 5 on the one side or, as 
shown in the drawings, on both sides. The 
air if necessary is partly pre-compressed in 
some manner admitted in the vicinity of the 
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hub and forced radially outwards through 
the blade rim 6 and the hollow blades 4. 
The rotors, in similar manner as in the case 
of the well-known rotary pump compressor, 
are inclosed by a permanent guiding» ar 
rangement called a diffuser 7 which converts 
the flow of energy of the air into pressure 
energy, if required, with the aid of guide 
blades. The pressure air is conducted from 
the diffuser to the place of its further em~ 
ployment. 

If, as shown in Figs. 1 and 2, but which 
is not absolutely necessary, two impeller 
discs are used and the compressing vanes are 
mounted on both sides of the discs, the air 
can be compressed in from one to four consec 
utive stages, (Figs. l, 2 and 3), and Ibrought 
to a final pressure which may be selected 
within wide limits. According to Fig. 2 the 
four halves of the compressor vanes are con 
nected in series and a four stage compression 
with relatively high final pressure thereby 
attained. Fig. 3 shows a three stage and 
Fig. 4 a single stage compression, the latter 
with, for example, a single disc and only one 
sided compressor vanes 5. 

` The most important advantages of the 
compression cycle above described are the 
following :~Compact,‘ symmetrical construc 
tion, eflicient utilization of fuel and, where 
the compressor vanes are positioned on both 
faces of the discs, a complete pressure com 
pensation and also a decrease in losses due 
to friction and other resistance. 
In addition to the novel compression cycle 

the method of cooling the turbine blades 
forms an important feature of the invention. ' 
It is known, for instance, from steam boiler 
construction that high temperatures may be 
employed 'if only the walls are continually 
and effectively cooled. The cool fresh air 
or the re-cooled pressure air is drawn in in 
a continual stream and led right along the 
walls of the rotor. Above all, however, the 
turbine blades 3 and 4, exposed to the hot 
gas or air stream, are constantly cooled in~ 
ternally with the result that the wall tem 
perature remains considerably below the tem 
perature of the impinging gas so that the 
metal of the blades is not injured by be 
coming overheated. ._ It has been found that 
there is no danger of the blades becoming 
fouled with an accumulation of heated ma 
terial, since the force of the stream of 
gasor air is suflicient to remove such ac 
cumulation as quickly as it is formed. The 
inner walls of the blades are not fouled be 
cause they only come in contact with pure 
air which can leave no dirt particles behind 
if filtered before the entrance to the cycle. 
The hollow blades, as'explained below, may 
be produced from a very thin sheet material 
so that an intensive cooling of the walls is 

_ attained. 

Now that the most important features of 
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the invention have been emphasized the op 
eration of the machine in connection with 
Fig. 2 may be more clearly explained. Fig. 
2 shows the construction in general form. 
The simplifications which may be made in 
case of need are also indicated. 
The cool fresh air is, for example, drawn 

up through the right hand compressor vane 
work of the gas stage 2, passes through the 
right hand side hollow blade row 4, through 
the diffuser 7, and if desired through a cool 
ing device of any suitable construction indi 
cated at 8’. In similar manner it is then 
drawn through the left hand side compres 
sor half. In the intermediate cooler 8 the 
twice compressed cooling air, warmed in the 
meantime, 
anew in the air stage l and compressed in 
two further stages. As the drawing shows, 
solid line the compressed air, which may 
now be designated as drivin@ air, withdraws 
from the discharge gases îdotted line) in 
the preheater 9 practically the whole amount 
of heat. It is thereupon carried round the 
jacket 10 of the combustion chamber 11. 
The combustion gases are thereby cooled 
down to a certain extent. The amount of 
heat withdrawn, however, as in the case of 
the amount of heat already taken up, in the 
pre-heater 9, is led into the ensuing air 
stage 1 for working purposes. For this purF 
poses the driving air is directed in any ap 
proved manner on to the moving blades 
through nozzles (not shown). The expan 
sion nevertheless in the air stage is not en 
tirely the result of atmospheric pressure, but 
due to the exact proportioning of the gas 
nozzles through which the air later has to 
pass an exactly ascertainable pressure re 
mains. The discharge air under pressure 
is now directed as air for supporting com 
bustion into the Acombustion chamber l1. 
As the air has been >preheated to a substan 
tial extent a relatively high combustion 
temperature is given by the combustion with 
the solid, liquid or gaseous fuel injected at 
l2. By properly proportioning the amount 
of fuel and air the temperature of the gases 
leaving the combustion chamber may be 
maintained at a predetermined level, which 
may be selected within a wide range. With 
in the combustion chamber the same pressure 
is always present (constant pressure prin 
ciple) that is, apa-rtfrom losses, the pres 
sure of the air flowing off from the air 
stage. The same pressure will also be pres 
ent later at the gas nozzles. The combustion 
gases, as already explained above, will be 
cooled to a certain temperature by the driv 
ing air conducted round the jacket 10 and 
are led to the gas sta e 2 in which, with gain 
of work, the comp ete expansion follows 
down to atmospheric pressure. The exhaust 
gases still contain a certain amount of heat 
which, as already described, is withdrawn 

can be re-cooled, to be warmed 
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in the pre-heater 9` and given off to the driv 
ing air. If the air thus cooled is withdrawn 
an' increase of efficiency occurs similarly to 
the case of the condensing arrangement of a 
steam engine. ' 
By the method described an extensive 

cooling on the one hand of exactly the most 
essential parts of the turbine isattained; 
on the other hand, apart from negligible 
radiation losses, only relatively small quan 
tities of heat are lost with the cooling water 
in the intermediate cooler 8 and with the dis 
charge gases in the pre-heater 9.l In this 
way'the turbine will run’with a favorable 
working load, and attains a degree of ef 
Íiciency comparable to that of other types 
of heat engines. ~ ` 

It is possible to simplify the turbine shown 
in Figure 2 by eliminating the air driven 
rotor and passing the air directly from 
jacket 10 to the >combustion chamber 11. 
This arrangement results in the turbine b'e 
ing driven entirely by the combustion gases 
and is simpler but somewhat less eflicient 
than the turbine shown in Figure 2. 

It is also possible, as shown in Figure 4, 
to combine the air stage and the gas stage 
rotors in a single disc, whereby a construc 
tional simplil'ication is likewise attained 
without, however, the eiliciency being re 
duced as compared with the construction 
with the two rotor discs. In employing sev 
eral compression stages the consecutive stages 
are preferably so arranged >that the lateral 

i pressures upon the turbine disc compensate 
one another. If the turbine with a single 
rim is chosen the impact with air and gas is 
so arranged that it works opposedly to the 
one~sided pressure of the compression stages 
and eliminates or practically eliminates 
same. A further simplification can be made 
in so far as the pressure in the combustion 
chamber and other parts open to excessive 
temperature can be lessened, if the air is not 
compressed in four stages, but according to 
Fig. 3 or Fig. 4 in three stages or one re 
spectively. 

It is quite natural that a machine working 
upon a new principle must contain a large 
number of new constructional details es 
pecially where, as in the case of gas turbines, 
excessive strains are placed upon the ma 
terials. 
In the following several, preferable forms 

of embodiment, already tested, are described. 
Of the greatest importance is the construc 

tion of a suitable blade which, according to 
the'above, must be constructed as a hollow 
blade. Figs. 5/7 show a blade composed of 
two halves 13 and 14. For this purpose the 
parts of thin durable sheet metal are prefer 
ably united by folding, welding or the like. 
r1`he cross section of the hollow blade may 
possess diiïerent shape or also different size 
at the individual points of the blade accord 

to the purpose desired. For example, 
the blade shown in Figure 5 has, between the 
points designated a and b, the usual cross 
section as shown in Figure 6, but is formed 
at its base into a rectangular cross-section, 
as shown in Fig. 7. In Figs. 8 and 9 two 
further blade >forms are shown which are 

ing 

produced from VAa `4single< piece of ‘sheet 
metal. Accordin to'Fig. 8 the longitudinal 
edges 15 of the s eet joints lie rotected in 
the dead angle of the blade c annel; ac 
cording to Fig. 9 the edges 16 are absolutely 
withdrawn from the' effect lof the gas stream. 
To obtain lighter blades, to reduce the cen 

trifugal strains upon the blade rim, and fur 
thermore to give the hollow of the blade as 
large a throughl passage as possible, very 
thin sheet metal of a few tenths of a milli 
metre ma be em loyed. If the centre of 
gravity o the bla e protruding freely from 
the rotor _is arranged in radial alignment 
with the centre of avity of the 'area or 
surface at which theîrlade is attached or Se 
cured, the bending strains caused by cen 
trifugal force will be absolutely eliminated 
from the blade. But the stresses due to the 
impact of the gas upon the blades, and those 
due to inertia of the blade when the angular 
speed of the rotor changes, are too small to 
have a detrimental effect on the blades. 
In addition to the construction of the 

blade the efficient and reliable fixing of the 
same requires careful attention, for the 
blades must be able to resist the centrifugal 
force which may amount to several thou 
sand times the actual Weight. On the other 
hand the free entrance of air through the 
blade rim, which forms the socket for the 
blade, and through the'hollow root of the 
blade must not be hindered. It has .proved 
to be very suitable by extensive experiment 
to roll over the underneath edge of the blade, 
to enclose a wire ring. As is shown in Figs. 
10 and >11 the root has preferably a right 
angular cross section. 17 shows the embed 
ded wire ring, 18 shows the root ready for 
insertion. 
According to Fig. 13 the ñxing edge con 

sists of a right angular ring which surrounds 
the foot of the blade and is fixed by welding 
or soldering. 
The blades which are provided with the 

root as described can be fixed in different 
manners in the blade rim. Figs. 12/15 and 
Figs. 16/20 . respectively show different 
forms of embodiment. According to Figs'. 
12/15 the blades are inserted laterally in 
the rotor disc without distance pieces and 
secured axially by a lateral cover piece. Ac 
cording to Fig. 14 the wheel disc 2 of the 
gas stage, for example, is provided on the 
rim 6 with lateral incisions 19, between 
which are the collars 20. The vanes 4 which 
are provided with the right angular foot 
such as described with reference to Figs. 10 
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and 11 fit exactly into the incisions 1_9 and 
lie with the rolled over narrow edge 1n the 
ring groove 21. ‘ Both broad rolled over 

~ edges find a secure backing on the under 
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ncath side of the collars 20. Finally the 
annular cover piece 22, formed in a ring 
ihape, which. contains the ring groove 23 
for the reception of the fourth rolled over 
right angular side, is fixed by lateral fixing 
screws on the blade rim 6 and prevents a 
bending of the collars 20. At those points 
at which the, fixing screws are placed the 
vanes may be omitted and the material be 
tweenithe collars 20 may remain in their 

~ stead. 

For greater centrifugal strains the fixing 
device disclosed in Figs. 16/20 is more suit 
able. The blades are set individually in the 
groove from without andheld by laterally 
inserted distance pieces. Fig. 16 discloses 
the previously worked-out T-shaped groove 
24. which, for instance, is situated in the 
blade rim 6 of the air step disc 1. The slot 
25 assures the radial passage of pressure air 

G to the hollow of the blade. The blade con 
structed exactly as described above with Fig. 
14 is now inserted from outwardly into the 
groove and turnedr so far that the root 
passes freely, through the narrowed neck 
of the blade groove. At one or more points 
on the circumference of the rotor lateral 
openings 26 are provided which serve for the 
insertion of the distance pieces 29 between 
the individual blades. The distance pieces, 
of which Figs. 17 and 18 show twoforms of 
embodiment, have the double purpose of 
keeping the bladesy at a certain distance 
apart, and to provide a strong backing on all 
four right angular sides‘fòrl the bladel root 
(Fig. 10). The blades, therefore, do not 
rest against the blade rim but against the 
distance pieces which, forthis purpose, are 
formed U-shaped or H-shaped, according to 
Figs. 17 and 18 respectively. Between the 
blades, that is, at 28 or 30 respectively, the’ 
hollow blade is positioned. Fig. 19 shows 
a section through the' groove fitted with 
blades. The-numbers inserted agree exact 
ly with the numbers in the previous figures. 
The left hand half of the groove shows the 
section led through the hollow blade, the 
right hand half the section in front of the 
blade. Fig. 20 is the corresponding plan 
view, on the left hand side as section through 
6_7", on the right hand side as plan view 

of the distance pieces and blades. 
The general ‘form of the blades may be 

the same as in customary steam turbine con 
struction, as for example is already rep 
resented in Fig. 6, i. e., the cross section 
has the sickle-shaped form of constant pres 
sure profile. In some cases, an excess pres 
sure profile might be employed. The work 
ing method of the gas turbine may however 

>cording 

require perfectly new forms. It, for exam 
ple, as is shown in Figs. 1-4, the rotor is 
provided on both sides with compression 
vanes 5, and the pressure air must be fur 
ther conducted throughhollow vanes 4, the 
rotor must likewise possess two blade rows. 
In general, however, in the interest of con 
venient construction of the blading of the 
turbine, a single row of blades is required 
vIf in this case the rotor,prov`ided with two 
rows of blades, is to retain the e'ñiciency 
of the single row of blades the construction 
according to Figs. 21/24 may be used. 
'Figs 21 and 22 show a so-called double 

blade which is divided internally into the 
two equal or diñ‘erentsized chambers 32 and 
33 by the intermediate wall 31. Both cham 
bers allow the free passage of air to the dif 
fusor as shown in Fig. 2. The construction 
of the double blade was dealt with in the 
par-tof the specification referring to Fig. 9, 
'Ene fixing of same may be accomplished by 
distance pieces 34 in the manner according 
to Fig. 19. Considered from the point of 
view of the turbine, as shown in Fig. 22, a 
rotor with one row of blades is dealt with. 
A reversing device between both ‘halves 32 
and 33 need notl be considered. 

f The hollow blade may be formed differ 
ently at the head according to the purpose in 
question. In' Figs. 23 to 26 several forms 
of embodiment are given. As before, 4 rep 
resents the blade of the turbine, 7 the dif 
fuser enclosing the rotating portion of the 
compressor. In Fig. 23 the blade 4 is cut 
off straight. It may extend according to 
37 as far as the diffuser 7, or protrude ac 
cording to 38 slightly into the diffuser if 
a passing over ofthe drivingmcans out 
of the blade channel into the diffuser 7 or 
vice versa is to be guarded against. Fig. 24 
gives a blade section 4() according to a chosen 
curve. It may be of use, for example, if 
the double blade more closely described in 
Fig. 21 is present, to conduct the pressure 
air into the diffuser 7 in the manner given. 
Both chambers of the double blade show 
here different sized cross sections. By the 
blade protruding somewhat into the diffuser 
at 40 transference losses are avoided similar 
ly as in the case of the embodiment 38 ac 

to Fig. 23. The diffuser is like 
wise divide-d into two chambersby the wall 
39. The congruent Figures 27 and 28 show 
a further form of embodiment. Transfer 
ence losses from the gas passage into the air 
pressure passage and vice versa are avoided 
in effective manner the blade channel being 
closed for this purpose by extending the 
headpiece 41 towards the left. The head 
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towards both sides.' Apart from the fact 
that the head piece 41 prevents transference 
losses it also lessens the ventilationdoss, in 
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a like manner as the covering bands in the 
steam turbine stages. , ' 
A packing between the gas and pressure 

»air channel can also be attained at the en 
trance to the diffuser 7 by axial collars 42 
Fig. 26) or radial collars 43 extending 
rom the blade hea-ds. Obviously these 

n ' packing collars may also be provided on lthe 

10 

15 

f ressure 1 and fire tem erature. P 

stationary diffuser 7 
The combustion chamber, like other parts 

exposed to high temperature, is subjected to 
a certain over-pressure. f the material is 
under red-heat temperature the control of 
the over-pressure may cause diilieulties 
which, however, according to the example of 
construction in Fig. 27, are easily to be over 
come. Internally in 50, for example, is a 

The lining 
« 51 of fireproof material serves to protect the 
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'said blades 

wall 52. A cooling means, likewise under 
the pressure p1, is led through the space 53 
between the jackets 52 and 54. The hot Wall 
52 is therefore subjected to no pressure. n 
the other hand the Wall 54 is materially 
cooler. If necessary a.f second cooling cham 
ber 55 may be produced by a further jacket 
56 with somewhere about the same inner> 
pressure p1. First the outwardly lying cold 
jacket, for example 56, can be subjected to 
the pressure pl-pz Without consideration. 

I claim as my invention : 
1. In combination, a gas turbine having its 

rotor adapted to compress air, a second tur 
bine adapted to receive the compressed air 

‘ from said first turbine and further compress 
it, said second turbine being adapted to be 
driven by the air compressed by said tur 
bines. ' 

2. In. combination, a gas turbine having 
its rotor blades adapted to compress air, a 
second turbine also having rotor blades 
adapted to,compress air, a conduit for con 
ducting compressed air from said first tur 
bine to said second turbine for further com 
pression therein, and a conduit for conduct 
ing the compressed air from' said second 
turbine into contact with the blades of said 
second turbine to act as a driving agent 
therefor. ' 3. A gas turbine comprising blades adapt 
ed to bev driven by gases under pressure, pas 
sages through said blades for. the passage o 
a gaseous cooling agent, whereby heat is 
transferred from said gases to said cooling 
agent, means cooperating with said passages 
to'compress the cooling agent, a heater for 
transferring an additional amount of heat 
to said cooling agent, and a conduit for lead 
ing said cooling agent from said heater to 

to act as a driving agent therefor. 
4. A gas turbine comprising passages for 

a driving agent and passages for a gaseous 
cooling agent, said passages being adjacent 
to each other to secure a transfer of heat 
from said driving agent to said cooling 

Í 'said fluid, the latter being 

agent, means for eñecting compression of 
said cooling agent by the rotation of the 

a heater wherein a rotor of said turbine, . 
further transfer of heat to said cooling agent 
is made, and a conduit for returning sald 
cooling agent from said heater to said rotor 
to act as a driving agent therefor. 

5. A rotary structure having separate pas 
sages for a heated gaseous driving ̀ agent an 
for a gaseous coolingv fluid,‘said passages be` 
ing adjacent to each other so as to secure an 
exchan e of heat between said agent and 
said fluid, the latter being compressed by the 
rotation of said structure, a heater receiving 
such compressed fluid and further increasing 
its temperature, and a conduit for leading 
the fluid thus'heated to the rotary structure 
to act as a heated gaseous driving agent 

therefor. . . 6. A rotary structure having separate pas 
sages for a heated gaseous driving agent and 
for a gaseous cooling fluid, said passages be 
ing adjacent to each other so as to secure an 
exchange of heat between 'said agent and 
said fluid, the latter being compressed by the 
rotation of said structure, a heater having 
two aths, one of which receives the exhaust 
driving agent from the rotary structure, 
while the other receives the compressed fluid, 
to further increase its temperature, and a 
conduit for leading the fluid thus heated to 
the rotary structure to act as a heated gase 
ous driving agent therefor. 

7. A rotary structure having separate pas 
sages for a heated gaseous driving agent and 
for a gaseous cooling fluid, said passages be 
ing adjacent to each other so as to secure an 
exchange of heat between said agent and said 
fluid, the latter being compressed by the ro 
tation of said structure, a heater having an 
external supply of heat and receiving such 
compressed fluid and further increasing its 
temperature, and a conduit for leading the 
fluid thus heated to the rotary 'structure to 
‘filet as a heated gaseous driving agent there 
or. ` 8. A rotary structure having separate pas 
sages for a heated gaseous driving agent and 
for a gaseous cooling fluid, said, passages 
being adjacent to each other so as to secure 
an exchange of heat between said agent and 

compressed by the 
rotation of said structure, a heater having 
two paths, one of which receives the exhaust 
driving agent from said rotary structure, 
while the other receives the compressed fluid 
to further increase its temperature, a second 
heater having an external supply of heat, a 
conduit for leading the heated compressed 
fluid from the first heater to the second 
heater, and a conduit for 'leading the heated 
compressed fluid from the second heater to 
the rotary structure to act as a heated gase 
ous driving agent therefor. 

9. A rotary structure having separate pas 
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sages for a heated aseous driving 
or a gaseous coo ing fluid, said 

being adjacent to each other so as 
an exchange of heat between said agent and 
said Huid, the latter being compressed by the 
rotation of said structure, a heater receiving 
such compressed íiuid `and having an inlet 
for an agent which will form a combustible 
mixture with said compressed fluid, to pro 
uce combustion in said heater, and a con 

duit for leading the combustion gases to the 
rotary structure to act as a heated gaseous 
drivin agent therefor. 

â rotary structure 
passages for a heated gaseous driving agent 
_and for a gaseous cooling iiuid, said passages 
being adjacent to each other so as to secure 
an exchange of heat between said agent and 
said fluid, the latter being compressed by the 
rotation of said structure, a heater having 
two paths, one of which receives the exhaust 
driving agent from said rotary structure, 
While the other receives the compressed fluid 
to further increase its temperature, a second 
eater receiving the heated compressed fluid 

from the first heater and also having an inlet 
for an agent adapted to form a combustible 
mixture with said fluid, to produce combus 
tion in said second heater, and a conduit for 
leading the combustion gases to the rotary 
structure to act as heated gaseous driving 
agent therefor. . 

11. The combination with a. rotary engine 
struct-ure having separate inlets for the sup 
ply of two motive agents, of a combustion 
chamber, a conduit for leading the exhaust 
of one of said motive agents to said combus 
tion chamber, the latter having an inlet for 
the s_upply of a'medium to _produce combus 

agent and 
passages 
to secure 

having separate 

the rotary engine structure. 
12. The combination with a rotary engine structure having separate inlets for the sup 
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ply of two motive agents, a two-path heater, 
a conduit for leading the exhaust of one of 
said motive a ents to one of the paths of said 
heater, a con uit for leading the exhaust of 
the second motive agent to the other path of 
said heater, a combustion chamber, a conduit 
for leading from said heater,` the. exhaust 
heated in one path thereof, to said. combus 
tion chamber, the latter having an inlet for 
the supply of a medium to prod 
tion in conjunctionwith said exhaust, and a 
conduit for leading the combustion products 
from said chamber'to l ` 
motive agent, to act 
the rotary turbine structure. 

A rotary structure comprising a com 
` chamber, a- turbine adapted to be 

driven by the gases from said combustion 
chamber, passages through the blades of said 
turbine for the passage of a cooling fluid, 
means co-operating with said blades to com 
press said ?luid, a second turbine having hol 
low blades, a conduit for conducting said 
cooling fluid from said passages to said hol 
low blades, a difl'user cooperating with said 
hollow blades to further compress said Íiuid, 
and means for conducting said fluid from 
said diífuscr to the rotor of said second tur 
bine to act as a driving agent therefor. 

A14:. In combination, a. gas turbine having 
blades provided with passages for conduct 
ing cooling air therethrough, a diffuser co 
operating with said blades to compress said 
air, a second turbine having hollow blades, 
a conduit for conducting said cooling Huid 
from said diffuser to the interior of said hol 
low blades, a second diffuser cooperating 
with said hollow blades to further compress 
said air, and a conduit for conducting said 
Huid from said second diffuser to the rotor 
of said second turbine to act as a driving 
agent therefor. 
In testimony whereof I afHx my signature 

at Berlin, this 25th day of January, 1922. 

CHRISTIAN LORENZEN. 
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