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UNITED STATES PATENT OFFICE. 
JAN PROCNER, OF PABIANICE, RUSSIA. 

TURBINIE. 

g???,899, Specification of Letters Patent, Patented Dec. 6, 1910. 
Application filed May 28, 1909, Serial No. 498,857. 

To all whom it may concern: 
Be it known that I, JAN PROCNER, a sub 

ject of the Czar of Russia, and residing at 
Pabianice, in the Empire of Russia, have 
invented certain new and useful Improve 
ments Relating to Turbines, of which the 
following is a specification. 
The present invention has for its object 

a reversible turbine which may be con 
structed in substantially the same way for 
use as a steam turbine and as a gas turbine 
and in which the motor of each turbine 
chamber is provided in the known manner 
with moving blades on both sides in such a 
manner that according as the steam or the 
motor gas is supplied to one side or the 
other forward or reversed running may be 
obtained. 
The turbine which forms the object of the 

present invention presents the important ad 
vantage as compared with turbines of the 
known kinds that either as a steam turbine 
or as a gas turbine it can be operated and 
regulated with great simplicity and within 
wide limits both in forward and in reversed 
running. With this object in view the im 
proved turbine is in accordance with my 
present invention provided with an annu 
lar steam or combustion chamber located 
concentrically with the turbine chamber a 
number of radially arranged nozzle tubes 
varying in accordance with the power of 
the turbine proceeding from the said steam 
or combustion chamber; these tubes supply 
the steam or motor gas to the rims of blades 
mounted in the rotor in such a manner that 
the admission to the turbines is radial from 
the interior to the exterior. When the tur 
bine is constructed as a steam turbine a 
larger or smaller number of pressure stages 
is used according to the method of operation 
desired. The inoperative turbine chambers 
are then preferably placed under vacuum in 
order to increase the efficiency. In the case 
of gas turbines in accordance with the num 
ber of nozzle tubes that are operative for 
the time being the fuel valves, a number of 
which are distributed throughout the entire 
combustion chamber and to which a ready 
prepared explosive mixture is preferably 
supplied are more or less opened, the extent 
of the aperture increasing with the num 
ber of open nozzle tubes so that the regula 
tion is strictly quantitative. Both in the 
case of gas turbines and in the case of steam 
turbines the nozzle tubes are provided with 

valve on the connecting tube for the 

Separate admission valves connected with a 
distributing slide common to them all and 
they are acted upon by vacuum, compressed 
air or other gas or electrically according to 
circumstances. 
The invention is illustrated as applied to 

a steam turbine and also to a gasturbine 
in the accompanying drawing in which: 

Figure 1 is a vertical section through a 
Steam turbine comprising eight pressure 
stages for forward and reversed running. 
Fig. 2 is a section on the line A-B- look 
ing in the direction indicated by the arrow. 
Fig. 3 is a section through the admission 

pres 
Sure stages. Fig. 4 is a section through the 
exhaust valve on the connecting tube for 
the pressure stages. Fig. 5 is a section 
through the valve in the circulation conduit 
of the pressure stages. Fig.6 shows the 
main distributing valve for rendering the 
various nozzle of each pressure stage opera 
tive or inoperative. Fig. 7 is similar dis 
tributing slide valve for influencing the 
separate pressure stages which are normally 
inoperative. Fig. 8 is a side elevation of 
the casing, parts being omitted, and Fig. 9 
is a diagrammatic view of the valves, noz 
zles, and their connections. 
In the reversible steam turbine illustrated 

in Figs. 1 to 9 a number of casings are 
mounted on a shaft 2 arranged in and sup 
ported by two bearings 1; these casings are 
passed upon the shaft from its end and are 
connected one with the other preferably by 
means of flanges and bolts and they consti 
tute the various pressure stages I, II, III, 
IV, V, VI, VII, VIII of the turbine. In 
stead of the construction illustrated in the 
drawing which comprises eight pressure 
stages obviously any other suitable number 
of pressure stages may be employed with 
out affecting the principle of the invention. 
Of these eight pressure stages shown in the 
drawing only five are operative in normal 
running that is to say the stages I, III, V, 
VIII, VIII while the pressure stages III, IV, 
and VI are only rendered operative when 
this appears to be necessary for a given pur 
pose such for instance as modifying the 
number of revolutions with an unaltered 
power of the turbines say when a ship pro 
vided with such a turbine is to travel slowly 
for a long time for the purpose of economiz 
ing steam. Each of these various casings 
consists of the inner turbine chamber 3 and 
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the outer annular steam chamber 4 concen 
tric to the chamber 3. Inside the casing a 
rotor 5 is mounted on the shaft 2 its edge 
extending almost to the inner periphery of 
the turbine chamber where by means of a 
labyrinth packing 6 it subdivides the tur 
bine chamber in such a manner that in each 
pressure stage two halves or sides are 
formed one of which together with the 
blades on the rotor 5 is intended for for 
ward running while the other is intended 
for reversed running. In order to produce 
a uniform distribution of pressure on the 
shaft throughout the entire turbine the front 
side and the rear side in the various pres 
sure stages are arranged alternately right 
and left of the rotor. Thus in the pressure 
stages I, II, V, VI, the side for forward 
running is located on the left hand and in 
pressure stages III, IV, VII and VIII on 
the right hand of the corresponding rotor 
as indicated by the letters ) and r in the 
drawing which indicate the forward and 
reversed running. The steam which enters 
the turbine at 7 in pressure stage I is con 
ducted toward the moving blades of the 
rotor in each pressure stage and on each side 
of the rotor by means of a number of radial 
hollow nozzle tubes 8 and S all the nozzle 
tubes S being located in the forward side of 
each pressure stage and the nozzle tubes 8 
in the rear side of the pressure stage. As 
shown in Fig. 2 a suitable number of these 
nozzle tubes is provided in each pressure 
stage this number being dependent upon the 
power required of the turbine. The number 
of these tubes is the same in all the pressure 
stages and preferably the various nozzle 
tubes in the several pressure stages are ar 
ranged in the same radial plane. The ends 
of these nozzle tubes located radially in 
ward relatively to the moving blades open 
into cavities 9 from which the steam sup 
plied passes through nozzles 10 on to the 
blades 11 of the rotor 5 after leaving which 
it is conducted by reversing blades 12 like 
wise provided on the nozzle tubes 8 and 8' 
into a second series of moving blades 13 and 
then eventually by means of additional re 
versing blades 14 into a third series of mov 
ing blades 15 in such a manner that the 
admission to the turbine is in the radial 
direction from the interior to the exterior. 
At the end opening into the annular cham 
ber 4 however each nozzle tube 8 or 8 is 
provided with a piston slide valve which as 
shown in Fig. 3 consists of the outer sta 
tionary perforated or slotted casing 16 and 
of the inner and likewise perforated or 
slotted slide 17. The latter is connected by 
a rod 18 with a piston 19 arranged outside 
the turbine casing and subjected to the ac 
tion of a Spring 20; it is mounted in a sepa 
rate casing 21. The rod 18 passes through a 
Spindle guide 22 arranged inside the cas 
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ing 21 this guide likewise forming a stop 
for the piston. 19. Through the cover the 
upper side of this piston communicates with 
the atmosphere while its lower side can be 
placed in communication with a vacuum 
conduit through a tubular socket or branch 
pipe 23 So that under the influence of the 
vacuum the piston 19 and the piston slides 
17 move downward so that the lattei' is 
opened. When the vacuum conduit con 
nected with the branch pipe 23 is closed a 
Screw 24 enables an equalization of pressure 
to take place slowly in the casing 21. When 
the casing 21 has been removed an opening 
25 in the turbine casing gives access to the 
piston slide valve 16, 17. In so far as these 
admission valves of the various nozzle tubes 
S or 8 follow in the same direction of ro 
tation and are located in the same radial 
plane they are in connection with a vacuum 
conduit common to them all. Thus the ad 
mission valves of the six nozzle tubes 8 shown 
in Fig. 2 are marked a, b, c, d, e, and f in cor 
respondence with their various radial posi 
tions are in communication with the com 
mon vacuum conduit 26, 27, 28, 29, 30 and 
31 so far as the nozzle tubes for forward 
running are concerned. The admission 
valves for the nozzle tubes S' which are lo 
cated in the same radial plane as the nozzle 
tubes 8 on the front side of the correspond 
ing pressure stage are likewise each con 
nected with a common vacuum conduit 32, 
33, 34, 35, 36 and 37. These Vacuum con 
duits 26, 27, 28, 29, 30, 31 and 32, 33, 34, 
35, 36, 37, lead to the main distributing slide 
valve (illustrated in Fig. 6) consisting of 
a casing 38 and of a piston 39 movable there 
in. Here the various vacuum conduits open 
at different places in the casing and are 
marked a, b, c, d, e, fin correspondence with 
their admission valves and as regards the 
rear side of the pressure stages a, b, c', d'. 
e', f. Thus the vacuum conduit 26 of all 
the valves a proceeds to the mouth a in the 
distributing slide valve 38 in Fig. 6 and so 
forth. The admission valve marked b may 
be arranged opposite the valve a, the fol 
lowing valve behind b can be marked G and 
the opposite valve di so that with such an 
arrangement the opposite valves are ren 
steam pressure does not act one-sidedly on 
the blade Wheels. In the case of steam tur 
bines of large size in order to obtain a per 
fectly uniform central loading of the blade 
wheels the admission valves may be ar 
ranged in Such a manner that every time 
two opposite admission valves of each socket 
a, b, c, d, e, if a, b, c, d, e, f' on the dis 
tributing slide valve are opened and closed 
in one operation. The valves can then be 
operated in Series but on the periphery of 
the turbine chamber double the number of 
admission valves must be provided as com 

dered operative and inoperative and the 
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pared with the number of sockets a, b, c, 
d, e, f, or a, b, c, d, e, f' on the dis 
tributing slide valve. The piston 39 is ad 
justable by a rod which is actuated by means 
of an adjusting lever 40 and notched sec 
tor 41. The cylinder 38 is connected at both 
ends by sockets 42 and 42 with the vacuum 
chamber of the turbine so that normally 
there is a vacuum in the chamber 38. The 
admission valves are normally closed under 
the influence of their springs 20. As soon, 
however, as the adjusting lever 40 has been 
displaced over the adjusting sector 41 from 
the middle position shown in the drawing 
into the right or left hand position say into 
the right hand position the outlets a, b, c, 
d, e, if of the vacuum conduits 26, 27, 28, 
29, 30 and 31 are exposed in succession so 
that through these conduits a vacuum is 
produced in succession in the cylinder 21 
in all admission valves located in the same 
radial plane, the result being that the cor 
responding piston 19 is displaced downward 
and the openings of the two piston slide 
valve members 16, 17 thereby placed in com 
munication so that the steam entering the 
annular chamber 4 of the pressure stage I at 
7 is able to enter the nozzle tube 8 through 
the corresponding valve a and by imping 
ing on the rotor cause it to rotate. This 
steam which has been operative in the for 
ward side of the pressure stage I must then 
be conducted in succession to the other pres 
sure stages operative with the pressure 
stage I, that is to say, the pressure stages 
III, V, VIII, VIII. This is ??????? through 
what are called the circulating pipes 43, 44, 
45 and the connecting pipe 46. These cir 
culating pipes are connected at one end with 
exhaust valves 47 of the corresponding pre 
ceding pressure stages and at the other end 
with the annular chamber 4 of the pressure 
stage of the turbine to which the steam is 
next to be admitted. Thus the connecting 
pipe 43 is connected with the exhaust valve 
47 of the pressure stage I and proceeds to 
the annular chamber 4 of the pressure stage 

III. 
Only one circulation conduit need be used 

for connecting each pair of pressure stages 
but in this case the cross section of the tube 
must be relatively large and this when all 

- the nozzle tubes of each pressure stage are 

60 
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not operative would necessarily cause an ex 
pansion of the steam inside the circulation 
pipe 43. In order to prevent this, prefer 
ably as many circulation pipes 43 and ex 
haust valves 47 are used as there are admis 
sion valves and nozzle tubes 8 and 8' in each 
pressure stage and invariably as Soon as an 
admission valve or a nozzle tube is rendered 
operative in a pressure stage a circulation 
conduit 43 and an exhaust valve 47 are 
opened so that the total open cross Section 

3 

With the cross section of the steam supply. 
In order that this may be possible the vari 
ous exhaust valves 47 are constructed in sub 
stantially the same manner as the admission 
valve. As shown in Fig. 4 the steam pro 
ceeds from the inner turbine chamber 
through a tube 48 and the annular passage 
4 and reaches the interior of the piston slide 
valve 49 the movable member of which is 
likewise displaced by the spindle 50 of the 
spring controlled piston 51. By means of a 
Socket or branch pipe 53 the casing 52 is in 
communication with a vacuum conduit while 
the annular chamber 54 surrounding the pis 
ton slide valve 49 comprises a socket for the 
circulating conduit 43. These exhaust 
valves 49 are likewise normally closed under 
the influence of their spring controlled pis 
ton and are opened as soon as the casing 52 
is placed under vacuum. By reason of the 
fact that the various exhaust valves 47 lie 
in the same radial plane in the various pres 
Sure stages they are likewise connected with 
a vacuum conduit common to them all and 
in Fig. 2 the exhaust valves are marked 47, 
47°, 47°, 47°, 47°, 47 while the vacuum con 
duits for the exhaust valves lying in the 
Same radial plane are marked 55, 56, 57, 58, 
59, 60. Now if each time a nozzle tube 8 is 
rendered operative an exhaust valve 47 and 
a circulating conduit 43 is also to be ren 
dered operative the corresponding vacuum 
conduits of the exhaust valves must be 
brought into appropriate relationship with 
the main distributing slide valve 38 39. 
This is effected in a simple manner owing to 
the fact that a vacuum is produced both in 
the conduit 26 and in the conduit 55 say by 
the conduit (, of the main distributing slide 
valve by means of a branch pipe so that at 
the same time an admission valve and an ex 
haust valve are rendered operative in all the 
operative pressure stages that is to say in 
stead of being closed the valve is opened. 
The same result is produced through the con 
duit b and through the vacuum conduits 27 
and 56 in the case of the admission valve. b 
and of the discharge valve 47 and so forth. 
Accordingly when as already stated the main 
distributing slide valve 38, 39 is acted upon 
steam is first of all admitted to a nozzle tube 
8 and at the same time the entire path for 
this steam through all the pressure stages 
that are to be operative is freed that is to 
say the steam which has finished its work in 
pressure stage I passes through the valve 47 
and the conduit 43 into the annular chamber 
of pressure III there passes through the ad 
mission valve which is likewise open and 
through the nozzle tube 8 into the blades 
furnishes work and can then reach the pres 
sure stage V through the open exhaust valve 
47 and the conduit 44, furnish work in this 
pressure stage and then proceed to pressure 

of the compartment is always in agreement | stage VIII through the circulation conduit 
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45; thence the steam proceeds through the 
pipe 46 into the low pressure stage VIII and 
then to the condenser. This path always 
remains the same no matter whether only a 
single nozzle tube or several of them or all 
of them are operative. 
As already stated it is important for ob 

taining efficient operation that those pres 
Sure stages and those sides of the pressure 
stages which are not operative for the time 
being should be under vacuum. With this 
object on each side of each pressure stage 
one or more vacuum valves 61 are provided; 
they open into a vacuum conduit 62 common 
to them all. These valves present substan 
tially the form illustrated in Fig. 4 but con 
trary to what is the case with the exhaust 
valves they are normally held open by their 
Springs and can be closed through a vacuum 
conduit 63. This vacuum conduit 63 leads 
to all the vacuum valves 61 of the pressure 
stages I, III, V, VII and VIII which are 
normally operative in so far as they are lo 
cated on the forward side while another p 
conduit leads to all the valves of the same 
pressure stages which are located on the re 
verse side. This vacuum conduit 63 is like 
Wise in communication by means of a branch 
pipe With the mouth a or in the same plane 
with a special opening of the main distrib 
uting slide valves 38,39. Accordingly as 
Soon as this distributing valve is adjusted 
in such a manner that the passage a is freed 
and the steam admission and exhaust valves 
thereby opened corresponding vacuum 
valves 61 are closed under the influence of 
the vacuum conduit 63 so that the corre 
sponding sides of the pressure stages are 
closed. The other sides of the correspond 
ing pressure stages for example on the re 
verse side of the pressure stages I, III, V, 
VII, VIII are under vacuum as before how. 
QVe. 
As already stated the regulation of the 

force of the turbine is effected not only 
Owing to the fact that a larger or smaller 
number of the radially arranged nozzle 
tubes are rendered operative or inoperative 
in each pressure stage but also owing to the 
fact that the number of pressure stages may 
be increased or decreased as desired. Also 
the five pressure stages I, III, WI, VII, 
VIII serve for normal running but the pres 
Sure stages II, IV, VI may also be rendered 
operative separately this being effected by 
acting upon the distributing side 64 (Fig. 
7) 65 (Fig. 8) and 66 (Fig. 9) the operating 
levers of these distributing valves being set 
upon their adjusting segments exactly in the 
Same manner as the operating levers 40 of 
the main distributing slide valve 38, 39. If 
the pressure stage II is to be rendered op 
erative for example it is first of all neces 
Sary to cut out the circulation conduit 43 
which conducts the steam from pressure 
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stage I to pressure stage III. It is also 
necessary to cut off the forward side of pres 
sure stage II from the vacuum and to allow 
the steam from pressure stage I to pass to 
pressure stage II and thence to pressure 
stage III. In order to render this possible 
in the first place each of the circulation 
conduits 43, 44, 45, is provided with a valve 
67 of the form illustrated in Fig. 5. The 
steam passes through the pipe 43 into the 

70 

75 
cylindrical casing 68 and from there is able 
to pass through the piston slide valve 69 
which is normally open into the tubular ex 
tension 43 in order to reach pressure stage 
III for example. The movable member of 
the piston slide valve 69 is acted upon by a 

80 

spring 72 through the spindle 76 and the 
piston 71 while the casing 73 is connected 
with a vacuum conduit through a socket 74 
this conduit being fitted to the first inlet of 
the piston slide valve 64 so that when this 
opening is freed by the displacement of the 
slide valve 64 the vacuum acts upon the 
iston 71 which closes the slide valve 69 and 

thus renders it impossible for the steam to 
pass from the tube 43 to 43' so that the cir 
culation conduit is cut out. - 
If a number of circulation conduits 43 

are used as mentioned above and as shown 
in Fig. 2 all the valves 67 of the circulation 
pipes are connected with an annular tube 
75 common to them all and this tube 75 is 
in communication with the slide valve 64 
(Fig. 7) so that all the circulation pipes 43 
are cut out simultaneously. In place of 
these circulating pipes a corresponding 
number of connecting pipes may be inter 
posed between the pressure stages I and II 
and here also the number of the connecting 
tubes to be interposed must correspond to 
the number of the nozzle tubes that are oper 
ative for the time being. Accordingly in 
addition to the valves already referred to 
each pressure stage and each side of the 
pressure stages is also provided with special 
exhaust valves 76 which are marked 76°, 76°, 
76°, 76°, 76°, 76 in Fig. 2 in accordance with 
their respective radial positions. These ex 
haust valves 76 which present the form illus 
trated in Fig. 4 are in communication 
through vacuum conduits together with the 
exhaust valves 76 of the pressure stage II 
and the corresponding admission valves of 
the nozzle tubes S through vacuum conduits 
77, 7S, 79, 80, 81, 82 with the series of open 
ings a, b, c, d, e, f, of the distributing slide 
valve 64. Accordingly when this distrib 
uting slide valve is reversed as compared 
with the position of the main distributing 
slide valve 38, 39 already existing, in the 
first place all the circulation conduits 43 are 
cut out and simultaneously as many nozzle 
tubes are opened in pressure stage II as 
are already open in pressure stage I. Simi 
larly a corresponding number of connecting 
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pipes 83 are opened for connecting the ex 
haust valve 76 of pressure stage I with the 
annular chamber 4 of pressure stage II so 
that steam passes from pressure stage to 
pressure stage II where it performs its work 
and is then able to pass through the exhaust 
Valve 76 of pressure stage II through the 
connecting pipes 83 into piressure stage III 
and thence to enter the pressure stages V, 
WII, and VIII through the circulation con 
duit 44 and so forth. Obviously when the 
slide 64 is adjusted the corresponding 
vacuum valve 61 of pressure stage II is 
closed on its operative side. Similarly by 
means of the ???? valves 65 (Fig. 8) and 
the slide valve 66 (Fig. 9) the pressure 
stage IV or VI is rendered operative in 
which case the corresponding circulation 
pipe 44 or 45 is cut out. As is known in 
proportion as the number of pressure stages 
in the turbine is increased its number of 
revolutions is diminished and economy ob 
tained. The other sides of all the pres 
Sure stages which serve for reversed run 
ning are of course formed similarly to the 
forward sides it being only necessary in 
order to initiate reversed running to set the 
operating levers of the various distributing 
slides first of all back in their middle posi 
tion and then with the construction here 
illustrated to move the operating levers to 
Ward the left hand, thereby exposing the 
openings a, b, c, d, e, f' insuccession 
and thus producing the distribution in the 
Sense indicated above both as regards the 
Separate nozzle tubes in the pressure stages 
and also as regards the pressure stages 
themselves. 

In the case of ships turbines a throttle 
valve is provided in the steam admission at 7 
and this valve is under the direct influence 
of the automatic Safety governor which cuts 
off the supply of steam to the turbine when 
the latter exceeds a given maximum number 
of revolutions. When the normal number 
of revolutions has again been reached the 
said throttle valve opens automatically. In 
order to prevent breakage of the steam pipes 
owing to the current of steam being con 
fined by the momentary closing of the said 
throttle valve an ordinary spring controlled 
safety valve is arranged immediately in 
front of the throttle valve. 

For a constant number of revolutions the 
turbine may of course be provided with the 
usual governor Which automatically regu 
lates the admission of steam by means of a 
distributing slide valve as shown in Fig. 6 
with reference to single action only. Then 
in order to utilize the steam more efficiently 
not only can one low pressure stage VIII 
but also a second low pressure stage can be 
provided after the former in such a manner 
that the steam is simultaneously conducted 
to both low pressure stages from the pres 

sure stage VII through the conduit 46 in 
the same manner as is usual with low pres 
Sure piston engines. In order to start the 
turbine quickly with full power the middle 
pressure stages which are normally operative 
(in the present case the stages III, W and 
VIII) are supplied with fresh steam for a 
short time from a special branch steam 
pipe which can be cut off by hand. 

in what has been stated it has been as 
Sumed that all the distributing valves are 
operated by vacuum as vacuum is necessary 
in a turbine and must be provided in any 
case. It need hardly be stated however that 
the valves may also be operated in some 
other manner electrically for example by 
providing conducting wires instead of tu 
bular connections and in this case the dis 
tributing slide valves would be provided 
with contacts, relays, resistances and so forth 
for the purpose of operating the valves in 
the manner desired by means of electromag 
nets for example eventually by means of dis 

operating gear direct from the captain's 
ridge. 
In order to place this turbine on the same 

footing as the hot steam engine as regards 
Steam consumption hot steam is used for op 
erating it and in addition the annular cham 
bers 4 and the middle of the low pressure 
stages can be provided with heating coils 
through which hot steam is conducted. By 
this means what is called admission super 
heating (intermediate superheating) is pro 
duced. 
In the pressure stages which are not con 

stantly operative the supply of steam to the 
heating coils and its discharge may be cut 
off or established by means of cut of valves 
acted upon by the corresponding distribut- 105 
ing valves (Figs. 7, 8 and 9). 
In place of the steam heating coils elec 
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tric resistances may be provided in the an 
nular chambers for heating the operative 
steam and by this means the temperature of 110 
the steam in the several stages be better 
regulated. The operative steam may also 
be protected from cooling by providing the 
annular wall between the annular chamber 
and the inner turbine chamber with a layer 115 
of air that is to say making it with a double 
wall. The flat partitions between the sev 
eral pressure stages can also be rendered 
non-conductive by means of a layer of air. 
What I claim and desire to secure by Let- 120 

ters Patent is: 
1. In a radial turbine, the combination 

with a housing having a plurality of pres 
sure stages, a shaft passing through the 
housing, and a rotor having blades on both 125 
sides on said shaft in each pressure stage, 
of a plurality of radially arranged nozzle 
tubes in each side of each pressure stage 
for supplying a propellant radially from 
the interior to the exterior, means for sup- 130 
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plying a propellatit to the nozzle tubes on 
the operative side of the first pressure stage, 
and means for supplying the propellant 
from the first pressure stage to the nozzle 
tubes on the corresponding sides of the ad 
ditional pressure stages. 

2. In a radial turbine, the combination 
with a housing having a plurality of pres 
sure stages, a shaft passing through the 
housing, and a rotor having blades on both 
sides on said shaft in each pressure stage, 
of a plurality of radially arranged nozzle 
tubes in each side of each pressure stage 
for supplying a propellant radially from 
the interior to the exterior, means for Sup 
plying a propellant to the nozzle tubes on 
the operative side of the first pressure stage, 
and means for supplying the propellant 
from the first pressure stage to the nozzle 
tubes on the corresponding sides of an op 
tional number of the additional pressure 
stages. ? 

3. In a radial turbine, the combination 
with a housing having a plurality of pres 
sure stages, a shaft passing through the 
housing, and a rotor having blades on both 
sides on said shaft in each pressure stage, of 
a plurality of radially arranged nozzle 
tubes in each side of each pressure stage 
for supplying a propellant radially from 
the interior to the exterior, means for Sup 
plying a propellant to an optional number 
of the nozzle tubes on the operative side 
of the first pressure stage, and means for 
supplying the propellant from the first pres 
sule stage toa like number of the nozzle 
tubes on the corresponding sides of the ad 
ditional pressure stages. - 

4. In a radial turbine, the combination 
with a housing having a plurality of pres 
sure stages, a shaft passing through the 
housing, and a rotor having blades on both 
sides on said shaft in each pressure stage, 
of a plurality of radially arranged nozzle 
tubes in each side of each pressure stage 
for supplying a propellant radially from 
the interior to the exterior nieans for sup 
plying a propellant to an optional number 
of the nozzle tubes on the operative side of 
the first pressure stage and means for Sup 
plying the propellant from the first pres 
sule stage to alike niibet' of the nozzle 
tubes. On the corresponding sides of an op 
tional number of the additional pressure stages. 

5. In a reversible radial turbine, thie com 
bination of a shaft, a housing having a 
plurality of pressure stages on said shaft. 
a rotor having blade rims on both sides on 
said shaft in each pressure stage, each pres 
sure stage comprising a turbine chamber 
and an annular propellant Supply chamber 
arranged concentrically therewith, a plu 
rality of radially arranged nozzle tubes on 
each operative side of each pressure stage 

having nozzles on the efids opening fadially 
inward relatively to the blade risis, said 
nozzle tubes opening into said supply cham 
ber and being provided therein with ad 
mission valves, and means for operating to 
gether and in the same direction admission 
valves of the nozzle tubes located in the 
same radial plane in the various normally 
operating pressure stages. 

6. In a reversible radial turbine, the com 
bination of a shaft, a housing having a plu 
rality of pressure stages on said shaft, a 
rotor having blade rims on both sides on 
said shaft in each pressure stage, each pres 
sure stage comprising a turbine chaniber 
and an annular propellant supply chamber 
arranged concentrically there with, a plural 
ity of radially arranged nozzle tubes on 
each operative side of each pressure stage 
having nozzles on the ends opening radially 
inward relatively to the blade rims, said 
nozzle tubes opening into Said supply cham 
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ber and being provided therein with ad 
mission valves, a common operating mecha 
nisini, and means connecting said mechanism 
witli groups of admission valves located in 
the same radial plane in the various nor mally operating pressure stages, said mecha 
nism being adapted to operate the groups of 
valves in succession for forward and re 
versed lunning. • 

7. In a reversible radial turbine, the com 
bination of a shaft, a housing having a plui 
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rality of plessure stages on said shaft, a 
rotor having blade rims on both sides on 
said shaft in each pressure stage, each pres 
sure stage comprising a turbine chamber. 

100 

and an annular propellant supply chamber 
arranged concentrically therewith, a pluial 
ity of radially arranged nozzle tubes on each 
operative side of each pressure stage having 
nozzles on the ends opening radially inward 
relatively to the blade rims, said nozzle 
tubes opening into said supply chamber and 
being provided therein with admission 
valves, exhaust valves on each side of each 
normally operating pressure, stage, circulat: 
ing pipes connecting the exhaust valves of 
the corresponding preceding pressure stages 
with said supply chamber of the pressure 
stages to which the propellant is to be next 
admitted, and nieans for operating together 
and in the same direction admission valves 
of the nozzle tubes located in the same radial 
plane in the various normally operating 
pressure stages, and also a number of ex 
haust valves corresponding to the number 
of open admission valves in each pressure 
stage. - 

S. In a reversible radial turbine, the com 
bination of a shaft, a housing having a plu 
rality of pressure stages on said shaft, a 
rotor having blade rims on both sides on 
said shaft in each pressuire stage, each pres 
sure stage comprising a turbine chamber 
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and an annular propellant supply chamber 
arranged concentrically therewith, a plural 
ity of radially arranged nozzle tubes on each 
operative side of each pressure stage having 
nozzles on the ends opening radially in Ward 
relatively to the blade rims, said nozzle tubes 
opening into said supply chamber and being 
provided therein with admission valves, ex 
haust valves on each side of each normally 
operating pressure stage, circulating pipes 
connecting the exhaust valves of the corre 
sponding preceding pressure stages with 
said supply chamber of the pressure stages 
to which the propellant is to be next ad 
mitted and means for operating together 
and in the same direction admission valves 
of the nozzle tubes located in the same radial 
plane in the various normally operating 
pressure stages; a number of exhaust valves 
corresponding to the number of open admis 
sion valves in each pressure stage, one or 
more normally open vacuum valves on each 
side of each pressure stage, and vacuum con 
duits, substantially as shown, connected with 
said vacuum valves and with said operat 
ing mechanism. 

9. In a reversible radial turbine, the com 
bination with a shaft, of a housing having a 
plurality of normally operative pressure 
stages and auxiliary pressure stages ar 
ranged between the same, a rotor having 
blade rims on both sides on said shaft in 
each pressure stage, a plurality of radially 
arranged nozzle tubes in each side of each 
pressure stage for supplying a propellant 
radially from the interior to the exterior, 
means for supplying a propellant to the noz 
zle tubes on the operative side of the first | 
normally operative pressure stage and in 
succession to the nozzle tubes on the corre 
sponding sides of the remaining normally 
operative and auxiliary pressure stages. 

10. In a reversible radial turbine the com 
bination with a shaft, of a housing having 
a plurality of normally operative pressure 
stages and auxiliary pressure stages ar 
ranged between the same, a rotor having 
blade rims on both sides on said shaft in 
each pressure stage, a plurality of radially 
arranged nozzle tubes in each side of each 
pressure stage for supplying a propellant 
radially from the interior to the exterior, 
means for supplying a propellant to the 
nozzle tubes on the operative side of the 
first normally operative pressure stage, 
means for supplying the propellant from the 
first pressure stage to the nozzle tubes on the 
corresponding sides of the additional pres 
sure stages, and mechanism for operatively 
interpolating said auxiliary pressure stages 
singly between said normally operative 
pressure stages. 

11. In a reversible radial turbine, the colm 
bination, with a shaft, of a housing having a 
plurality of normally operative pressure 

stages and auxiliary pressure stages ar 
ranged between the same, a rotor having 
blade rims on both sides on said shaft in 
each pressure stage, a plurality of radially 
arranged nozzle; tubes in each side of each 
pressure stage for supplying a propellant ra 
dially from the interior to the exterior, 
means for supplying a propellant to the noZ 
zle tubes on the operative side of the first 
normally operative pressure stage, means for 
supplying the propellant from the first pres 
sure stage to the nozzle tubes on the corre 
sponding sides of the additional pressure 
stages, and mechanism for operatively inter 
polating said auxiliary pressure stages in 
groups between said normally operative 
pressure stages. 

12. In a reversible radial turbine, the com 
bination with a shaft, of a housing having 
a plurality of normally operative pressure 
stages and auxiliary pressure stages ar 
ranged between the same, each pressure 
stage comprising a turbine chamber and an 
annular propellant supply chamber ar 
ranged concentrically therewith, a rotor hav 
ing blade rims on both sides on said shaft 
in each pressure stage, a plurality of ra 
dially arranged nozzle tubes in each side of 
each pressure stage having nozzles on the 
ends opening radially inward relatively to 
the blade rims, said nozzle tubes opening 
into said supply chamber and being pro 
vided therein with admission valves, special 
exhaust valves (76) on each side of each pressure stage, connecting pipes (83) con 
necting the exhaust valves of the preceding 
normally operative pressure stage with the 
interposed auxiliary pressure stage and the 
exhaust valves of the latter with the suc 
ceeding normally operative pressure stage, a 
common operating mechanism, and means 
controlled by the latter for operating said 
exhaust valves. 

13. In a reversible radial turbine, the conn 
bination of a shaft, a housing having a plural 
ity of pressure stages comprising a main-pres 
sure, middle-pressure, auxiliary and two low 
pressure pressure stages on said shaft, a rotor 
having blade rims on both sides on said shaft 
in each pressure stage, each pressure stage 
comprising a turbine chamber and an annu 
lar propellant Supply chamber arranged con 
centrically therewith, a plurality of radially 
arranged nozzle tubes on each operative side 
of each pressure stage having nozzles on the 
ends opening radially inward relatively to 
the blade rims, said nozzle tubes opening 
into said Supply chamber and being pro 
vided therein with admission valves, and 
means for operating together and in the 
same direction admission valves of the noz 
zle tubes located in the same radial plane in 
the various normally operating pressure 
stages. 

14. In a reversible radial turbine, the com 
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bination of a shaft, a housing having a plu 
rality of pressure stages comprising a main 
pressure, middle-pressure, auxiliary and two 
low-pressure pressure stages on said shaft, a 
rotor having blade rims on both sides on 
said shaft in each pressure stage, each pres 
sure stage comprising a turbine chamber and 
an annular steam supply chamber arranged 
concentrically therewith, a plurality of ra 
dially arranged nozzle tubes on each opera 
tive side of each pressure stage having noz 
zles on the ends opening radially inward 
relatively to the blade rims, said nozzle tubes 
opening into said Supply chamber and being 

provided therein with admission valves, 
means for operating together and in the 
same direction admission valves of the noz 
zle tubes located in the same radial plane in 
the various normally operating pressure 
stages, and means in the steam supply cham 
ber for superheating the steam therein. 
In testimony, that I claim the foregoing as 

my invention, I have signed my name in 
presence of two subscribing witnesses. 

JAN PROCINER. 
Witnesses: 

WLADYSLAW KRAJCIOSKI, 
CYRIL TREDNICKI. 
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