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To (tZZ whom, it may concern: 

Be it known that I, GEORGE ‘VESTINGHOUSE, 
a citizen of the United States, and a resident 
of Pittsburg, in the county of Allegheny and 
State of Pennsylvania, have invented a new 
and useful‘ Improvement in Fluid-Pressure 
Turbines, of which the following is a speci? 
cation. ' 

My invention relates to ?uid-pressure tur 
bines; and it has for one of its objects topro 
vide an impulse-wheel for such turbines which 
may be easily and inexpensively constructed 
and have great strength and durability. 
A further object of the invention is to pro 

vide a turbine of simple and compact con 
struction in which the propelling ?uid may be 
supplied by one or more nozzles to an annular 
series of angular passages or buckets to exert 
an initial propelling force and. when exhausted 
therefrom to exert a further propelling force 
upon one or more sets of blades or buckets. 
The invention is primarily intended for the 

utilization of the velocity of expanded steam, 
and for convenience of description it will’ be 
described as pertaining to a steam-turbine, 
but without intention of limiting the invention 
to the utilization of this specific expanded 
?uid. ' ' 

Impulse-wheels have heretofore been con 
structed by attaching buckets of the proper 
shape to the periphery of adisk or by milling 
or cutting suitably-shaped buckets out of the 
solid metal of a disk. Both of these methods 
of construction have been found expensive, 
and wheels constructed in accordance with the 
?rst-named method have been found ill adapt 
ed to the service to which they have been put 
on account of their inability to withstand high 
centrifugal strains. It has'also been found 
desirable to shroud the buckets in order to pre 
vent leakage of the working ?uid over the 
ends. In the case of separately-attached buck 
ets the shrouding has been imperfectly accom 
plished by means of a hood or projection over 
the outer end of each individual bucket, and 
where the buckets have been cut in the body 
of the wheel the shrouding has been effected 
by shrinking metal bands around the periph 
ery of the wheel over the ends of the buckets 

or by attaching thin metal plates to the ends 
of the buckets. Both methods have been gen 
erally lacking in desired strength and secu 
rity when subjected to the high centrifugal 
stresses which result from the velocities at 
which such wheels are operated. 
In a wheel constructed in accordance with 

my present invention the material of the body. 
of the wheel constitutes the shrouding, since 
the buckets or ?uid-receiving passages are so 
cut in the body of the wheel that only the in 
let and exhaust ends are open. I ?nd it also 
feasible and advantageous to combine with the 
wheel so constructed one or more annular sets 
of revolving blades and stationary guide 
vanes, constructed and arranged substantially 
as is usual in turbines of the well-known Par~ 
sons type, in order that such velocity as may 
result from further expansion after the steam 
acts upon the impulse-wheel may be utilized. 
In the accompanyingdrawings, illustrating 

vmy invention, Figure 1 is a view, partially in 
side elevation and partially in section, of a 
portion of an impulse-wheel and its, casing. 
Fig. 2 is a view, partially in plan and partially 
in section, of the impulse-wheel shown in Fig. 
1. Fig. 8 is a view, partially in section and 
partially in side elevation, of the central por~ 
tion and one end of a turbineembodying my 
improvements. Fig. 4 is a view, partially in 
plan and partially in section, of a portion of 
an impulse-wheel differing slightly from that 
shown in Figs. 1 and 2. Fig- 5 is a central 
sectional detail View of a portion of the tur 
bine shown in Fig. 3. . _ 
The impulse-wheel 1 comprises a hub 2, 

which is keyed to a shaft 3, a plurality of ra 
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dial spokes or a disk 4, and a rim or body 5, ' 
these parts being mounted to rotate in a suit 
able casing 6, which, as indicated in’ Fig. 1, 
is provided at one side with a steam-chest 7 , 
having distributing or discharging nozzles 8, 
which are so disposed as to discharge steam 
at a suitable angle to the wheel radius. Any 
suitable or desired number of these discharge 
nozzles may be employed, and their form and 
the angle at which they are set may be varied 
from what is shown within suitable operating 
limits. The entire circumference of the rim 
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'or body 5 of the wheel is provided with holes 
9, which are drilled from the outer periphery 
inward and forward in the direction in which 
the wheel is to rotate, each at a suitable an 
gle to the corresponding radius of the wheel, 
the axes of these drilled holes being preferably 
coincident with the central plane of the wheel 
and adjacent holes being in close proximity to 
each other. A series of holes 10 is drilled in 
each side of the body or rim 5 in such position 
that their inner ends will substantially coin 
cide with the inner ends of the corresponding 
holes 9, the axes of the holes 10 at one side 
being preferably, though not necessarily, at 
approximately right angles to the axes of the 
corresponding holes at the other side, both 
sets of holes being suitably inclined, so that 
the passage of ?uid from the inner ends of 
the holes 9 will be rearwardly with reference 
to the direction of rotation of the wheel. 
The holes 9 and 10 are preferably bored by 
means of cutters or drills having cylindrical 
ends, and consequently a curvilinear wedge 
11 is formed at the meeting ends of the holes. 
The partitions 12 between the holes 9 may be 
chamfered at their outer edges, as indicated 
at 13, if desired, in order that sharp edges 
may be presented to the steam issuing from 
the nozzles 8. _ 
In operation the steam is expanded in the 

nozzles and is discharged at high velocity into 
the adjacent holes 9 and is divided by the curvi 
linear wedges'll and its direction reversed as 
it is discharged rearwardly through the holes 
10 at the sides of the wheel. The holes may 
be drilled to such depth as to remove the 
curvilinear wedges 11, if desired, and provide 
smoothly-curved passages for the steam, and 
the form and arrangement of passages may 
be otherwise varied within reasonable limits 
without departing from the invention. 
The wheel shown may be utilized alone or 

in connection with other steam-utilizing ele 
ments or members of any desired construc 
tion. 

In Fig. 3 I have shown additional steam 
using means, as follows: Fastened to the sides 
of the wheel 1 by means of bolts 14 are lat 
eral extensions 15, which are provided with 
one or more circumferential sets of blades or 

. buckets 16, constructed and arranged in ac 
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cordance with the usual practice in connection 
with turbines of the Parsons type. The cas 
ing 6 is provided with} one or more sets of 
guide-vanes 17 , which are adjacent to the 
blades 16 and alternate therewith, provided 
two or morelsets are employed. . 

As shown in Fig. 3 and also in Fig. 5, the 
steam-chest 73 extends completely around the 
turbine, and while only two nozzles 8 are shown 
it is to be understood that any number from 
one to a full circumferential set may be em 
ployed. . 

The shape of the passages in the wheel is 
of course susceptible of variation from what 
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is shown in Figs. 1 and 2, one Variation being 
indicated inFigs. 3, 41, and 5, where the side 
holes 10“ are shown as of gradually-increas 
ing diameter from their inner to their outer 
ends. 
The invention may be utilized in a single 

?ow turbine by providing the holes 10 or 10“ 
and the supplementary steam-using devices 
at one side only and employing proper bal 
ancing means in avmanner well known in the 
art. , 

I claim as my invention— . 
1. An impulse-wheel having a series of 

?uid-receiving passages extending inwardly 
and forwardly from the wheel periphery and 
thence outwardly and rearwardly to the side 
surface of the wheel. 

2. An impulse-wheel having ?uid-receiving 
passages which extend forwardly at a gradu 
ally-increasing depth from the wheel periph 
ery for a portion of their. lengths and thence 
outwardly and rearwardly to the side of the 
wheel. 

3. An impulse-wheel having a series of 
?uid-receiving passages which extend for 
wardly at a gradually-increasing depth from 
the middle of the wheel periphery for a por 
tion of their lengths and thence outwardly 
and rearwardly at a substantially uniform 
depth. 

4. An impulse-wheel having a series of 
?uid-receiving passages which extend for 
wardly into the body of the wheel from the 
center line of its periphery and thence out 
wardly andrearwardly in duplicate branches 
substantially at right angles to each other. 

5. An impulse-wheel having a series of 
?uid-receiving passages which extend for 
wardly and inwardly substantially in the cen 
tral plane of the wheel and thence rearwardly 
and outwardly, in duplicate branches, to the 
side surfaces of the wheel. 

6. An impulse-wheel having a circumferen~ 
tial series of ?uid-receiving passages having 
their inlet ends at the wheel periphery and 
extending forwardly into the wheel-body for a 
portion of their lengths and thence outwardly 
and rearwardly to both side surfaces of the 
Wheel. 

7. In a ?uid-pressure turbine, the combina 
tion with a wheel having a circumferential se 
ries of ?uid-receiving passages which extend 
forwardly and inwardly and then outwardly 
and rearwardly to one or‘ both side surfaces, 
of a casing having an annular steam box or 
chamber provided with one or more nozzles 
leading therefrom to the inlet ends of the 
wheel-passages. 

8. In a ?uid-pressure turbine, the combina 
tion with a wheel having a circumferential se 
ries of ?uid-receiving passages ‘which extend 
forwardly and inwardly into the wheel-body 
and thence outwardly to one or both of the 
side surfaces and one or more circumferential 
sets of blades or buckets arranged to receive the 
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impact of ?uid exhausted from said passages, 
of a casing having an annular steam box or 
chamber, one or more nozzles leading there 
from to the inlet ends of the wheel-passages 
and one or more circumferential sets of guide 
vanes adjacent to the blades or buckets on the 
wheel. ' , 

9. In a ?uid~pressure turbine, the combina 
tion with a wheel having a circumferential se 
ries of ?uid-receiving passages which extend 
forwardly and inwardly and then outwardly 
and rearwardly to one or both side surfaces, 
of a casing having a steam box or chamber 
provided with one or more nozzles leading 
therefrom to the inlet ends of the wheel-pas 
sages. 

10. In a?uid-pressure turbine, the combina 
tion with a wheel having a circumferential se 
ries of ?uid-receiving passages which extend 
forwardly and inwardly into the wheel-body 
and thence outwardly to one or both of the 
side surfaces and one or more circumferential 
sets of blades or buckets arranged to receive 
the impact of fluid exhausted from said pas 
sages, of a casing having a steam box or cham 
ber, one or more nozzles leading therefrom to 
the inlet ends of the wheel-passages and one 
or more circumferential sets of guid e-vanes ad 
jacent to the blades or buckets on the wheel. 
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11. In a?uid-pressure turbine, the combina 
tion with awheel having a circumferential se 
ries of ?uid-receiving passages which extend 
forwardly and inwardly and then outwardly 
and rearwardly to one or both side surfaces, 
of a casing having a steam box or chamber 
provided with one or more nozzles leading 
therefrom to the inlet ends of the wheel-pas 
sages, one or more annular sets of blades ad 
jacent to the outer ends of the wheel-passages 
and one or more corresponding sets of guide 
vanes on the casino‘. 

12. The combination with a wheel having a 
circumferential series of ?uid-receiving pas 
sages which extend inwardly and forwardly 
into the wheel-body and thence outwardly to 
the side. surfaces and circumferential sets of 
blades adjacent to the outer ends of said pas 
sages, of a casing having a steam box or cham 
ber, one or more nozzles leading therefrom to 
the inlet ends of the wheel-passages and cir 
cumferential sets of guide-vanes adjacent to 
the blades on said Wheel. 
In testimony whereof I have hereunto sub 

scribed my name this 15th day of June, 1903. 
GEO. WESTINGHOUSE. 

l/Vitnesses: 
DAVID WVILLIAMs, 
BIRNEY HINES. 
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