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splished by varying the motive fluid Supply 

ically or otherwise actuated relay device 

conjunction with a speed-responsive device, 

cated and expensive to build. 

mechanism. 
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To all whom it may concern: 
I3e it known that I, RAY \ONI) N. Eill 

HART, a citizen of the United States, and a 
resident of Pittsburg, in the county of Alle 
gheny and State of Pennsylvania, have made 
a new and useful Invention in Elastic-Fluid. 
Turbines, of which the following is a speci 
fication. 
This invention relates to elastic fluid tur 

ilbiznes and has as al?n object the production 
of governing means for such turbines. 

In turbines provided with fluid discharge 
nozzles and in which governing is accom 
in accordance with the load demand and at 
the salme time in proportioning the effective 
area of the motive fluid supply passages or 
the number of operating nozzles in ac 
cordance with the amount of motive fluid 
supplied, it is necessary to employ a power 
ful governing device or to utilize a mechan 

under the control of a less powerful and 
more sensitive governing device. It is, of 
course, essential that the relay device be ef 
fective in operation, reliable and quick to 

de wice, and, for this reason, it has been cus 
tomary to utilize hydraulically, electrically 
or fluid actuated relay motors to perform, in 

the governing function of the turbine. For 
various reasons it has been found desirable 
to operate the relay motors by fluid pressure 
and in such cases a waste of motive fluid is 
occasioned principally because the actuating 
imotous are not thermodynamically efficient 
and maioreover such appal'atus are compli 

The object of this invention is the produc 
tion of a turbine in which simple means are 
litilized for varying the motive fluid supply 
and the effective ai'ea of the nozzle supply 
passages in accordance with the load de 
maand. 
A further object is the production of a 

?iuid-actuated and governor-controlled re 
lay device which will be simple and efficient 
and which will overcome the fluid loss ordi 
narily eineountered. 
A further object of this invention is to 

sinplify the constriction and decrease the 
cost of manufacture of turbine-governing 

These and other objects i attain in a tur 

Specification of Letters Patent. 

positions of the 

Paiterated Mar. 22, 1910. 
Renewed September 14, 1908. Serial No. 452,933. 

line elabodying the features herein de 
scribed and illustrated in the single sheet 
drawing accompanying this application and 
fol'ning a part thereof, in which a partial 
Sectional elevation of a turbine is shown 
illustrating more or less diagrammatically a 
system of nozzle control. 
The turbine is provided with a suitable . 

number of annular i'ows of blades 2 mount 
ed on a rotor or spindle (not shown), which 65 
is inclosed within a stationary casing 3. 
The casing is provided with a number of 
motive fluid supply nozzles 4, which are ar 
ranged to supply motive fluid to the moving 
rows of blades 2 in such a way that the pres 
sure and velocity energy of the motive fluid 
will be effectively transformed into avail 
able energy. 
The nozzles 4 communicate with a cham 

ber 5, the walls of which are contiguous 
with the casing 3 and in which a fluid 
actuated piston 6 is located. The piston.6 
is provided with an extension 7 on which 
a second piston S is rigidly mounted and 
is adapted to reciprocate with the piston 6 
within the chamber 5. A motive fluid sup 
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ply pipe 9 communicates with the chamber 
5 through a branch pipe 10 and is adapted 
to supply motive fluid through the nozzles 
4 to the working passages of the turbine. 85 
The piston 6 is arranged to control the ef 
fective nozzle opening of the turbine or to 
open and close the nozzles 4 in accordance 
with the load demand. The extension 7 and 
piston 8 are so arranged that for certain 

piston 6 the branch pipe 
10 will stupply sufficient motive fluid to the 
nozzles to insure an efficient operation. 
A branch pipe 11, provided with a gov 

ernor-controlled valve 12, connects with the 
pipe 9 and communicates with the forward 
portion 13 of the chamber 5 through a port 
14. A working. nozzle 15 communicates 

90 

with the channber 5 and, like the nozzles 4, 
supplies motive fluid to the blades 2. A 100 
speed-responsive governor 16 of any suit 
able construction is situated adjacent to the 
valve 12 and is arranged to periodically 
open the valve at the normal or some pre 
determined speed of the turbine such 105 
amounts as to insure efficient action of the 
nozzle 15. The discharging capacity of the 
nozzle 15 is such that after a predetermined 
speed of the turbine is reached and a pre 
determined port opening of the valve 12 i) 
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is obtained, the flow of fluid through the 
forward portion of the chamber 5 is re 
stricted and, consequently, pressure is ex 
erted on the forward end of the piston 8 
which is proportional to the amount of re 
striction or to the amount of port opening 
of the valve 12. 
The operating mechanism of the valve 12 

comprises an eccentric 17, which is driven 
by the shaft of the turbine, in conjunction 
with the governor 16 and a system of oper 
ating links and levers. The governor may 
be of any suitable type but, as illustrated, 
consists of a revolving standard 18, driven 
by the turbine, fly-balls 19, mounted on arms 
20, which are pivotally mounted on brack 
ets 22, rigidly mounted on the standard, and 
a reciprocating collar 23, loosely mounted 
on the standard and adapted to be actuated 
by the fly-balls through the agency of the 
arms 20 and links 24. - 
The eccentric 17 is provided with an ec 

centric strap 25 which actuates a lever 26 
through a rod 27. The lever 26 is full 
crumed on a collar 28, which is rotatably 
mounted on the sleeve 23 and is connected 
to a lever 29 by a link 30. The lever 29 is 
fulcrumed at 31 and is connected to a valve 
stem 32, which is connected to the valve 
disk 34 of the valve 12. 
The valve disk 34 is reciprocated syn 

chronously with the révolutions of the tur 
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bine shaft by the eccentric and connecting 
links and levers and the amount of the periodic port, opening of the valve 12 is 
proportioned by the governor 16. 
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The governor sleeve 23 and the eccentric 
connections are so arranged that, at the nor 
mal speed of the turbine, the valve 12 will 
periodically ??’ predetermined amounts 
and supply puffs of motive fluid to the noz 
zle 15 in amounts that the nozzle can readily 
deliver to the Working passages of the tur 
bine. As the turbine increases in speed, the 
fly-balls 19 move outwardly and raise the 
sleeve 23 and the fulcrum of the lever 28, 
thereby varying the throw of the valve disk 
34 relative to the valve ports. The port 
opening of the valve and the duration of the 
puff of motive fluid admitted to the nozzle 
15 is directly proportional to the speed of 
the turbine. As the load on the turbine in 
creases and the speed decreases, the port 
opening of the valve 12 is increased until 
at some predetermined speed the valve does 
not close but admits motive fluid to the noz 
zle 15 in a continuous stream which is pe ’ 1?odically pulsated by the reciprocations of 
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the valve disk 34. 
A Small pipe 35 connects the branch pipe 

10 with the rear portion 36 of the chamber 
5 and a nozzle 37 connects the rear portion 
of the chamber with the working passages 
of the turbine. The pipe. 35 is provided 
with a valve 38, which is adapted to regu 

speed up and to reduce the periodic 
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late the flow of motive fluid to the rear por 
tion 36 of the chamber, and the effective area 
of the pipe 35, that a fluid pressure may 
be maintained in the rear portion 36 of the 
chamber 5, which is a predetermined amount 
less than the pressure in the branch pipe. 
By varying the flow of steam through the 
pipe 35, through the operation of the valve 
38, the pressure in the rear portion 36 of 
the chamber 5 may be varied to suit the 
existing conditions. A spring 39 is mount 
ed in the rear portion 36 behind the piston 
6 and is adapted to act between it and the 
end wall of the chamber 5 in conjunction 
The piston 8 will be held by the spring 

pressure and the fluid pressure in the por 
tion 36 against a suitably located lug 40 
until, at some predetermined load, the tur 
bine slows down suficiently to cause the 
valve 12 during its pulsations to admit more 
steam to the forward portion 13 of the 
chamber 5 than the nozzle 15 can readily 
convey to the blades 2 and the pressure in 
the forward portion 13 exceeds the pressure 
in the rear portion 36. The unbalanced fluid 
pressure of the forward portion of the 
chamber against the forward face of the 
piston 8 causes the piston 6 to reciprocate 
and periodically uncover one or more of 
the nozzles 4. 
4 is uncovered by the piston 6 and an addi 
tional amount of motive fluid is admitted to 
the turbine, the turbine at once tends to 

Ort 
opening of the valve 12, which tends tº e 
'duce the pressure in the forward part of 
the reciprocation of the piston 6 and, there 
fore, the number of nozzles opened. . . 
The turbine may be so arranged that the 

nozzle 15, in conjunction with the nozzle 37, 
of the turbine for light loads, or a suitable 
number of normally-opened nozzles may be 
provided to ac in conjunction with the noz 
zle 15. The nozzle 37 is made so small, 
charged, while not wasted, is not appreciable 
as a working agent of the turbine. 
Although I have illustrated my invention 

as embodying a pulsating control valve, I 
wish it to be understood that I do not limit 
myself to such a construction, as the valve 
12 may be of any kind and may be oper 
ated by the governor balls 19 through the 
agency of a relay device or directly by a 
system of level's and links. With a valve 
designed to be operated by the governor 
without reciprocating, the eccentric 17 is 
not utilized and lever 26 is pivoted at 42 
on a stationary pin. The governor 19 is 
then arranged to open the valve at the 
normal speed of the turbine such an amoint 

with the fluid pressure to close the nozzles 4. 

s soon as one of the nozzles. 

the chamber 5 and to reduce the amount of 

of the nozzle 37 is such, relative to the area 
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is sufficient to insure an efficient operation 
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however, that the amount of steam dis 
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that an efficient operation of the nozzle 15 
is insured. As the turbine decreases in 
speed below the normal, the centrifugal 
balls move inwardly and open the valve 12, 
the amount of port opening being directly 
proportional to the speed of the turbine. At 
some predetermined load the turbine slows 
down an appreciable amount and causes the 
valve 12 to admit more steam to the for 
ward portion of the chamber 5 than the 
nozzle 15 can readily convey to the blades 2 
and fluid pressure in the forward portion 13 
piles up until it exceeds the combined fluid 
and spring pressure at the rear of the piston 
6 and causes the pistons 8 and 6 to uncover 
one or, more of the nozzles 4. As the speed 
of the turbine increases, the valve 12 throt 
tles the supply of motive fluid to the nozzle 
15 and the pressure in the forward portion 
13 decreases until, at some predetermined 
speed, the combined fluid pressure and 
spring pressure at the rear of the piston 6 
is sufficient to close one or more of the noz 
zles 4. With this construction the effective 
nozzle opening will vary in direct propor 
tion with the speed of the turbine. It is 
obvious, therefore, that with this method of 
governing a small and simple governor of 
almost any construction may be utilized 
with turbines of any size or type, since the 
governing of the turbine is controlled by 
the amount of steam admitted to one fluid nozzle. 

Various means may be utilized for ad 
justing the pressures in the forward por 
tion 13 and the rear portion of the chamber 
5 and for varying the effective port opening 
of the valve 12 in proportion to the load 
demand, and various other arrangements 
and constructions may be utilized by those 
skikled in the allt and still fall within the 
Suirit and Scope of my invention. r 
What I claim as new and useful and de 

sire to secure by Letters Patent, is: 
1. In an elastic fluid turbine, a main sup 

ply valve, an auxiliary supply valve, means 
whereby said main supply valve is held 
closed by a regulable fluid pressure and 
means, dependent upon the amount of fluid 
supplied by said auxiliary valve for over 
powering said closing pressure and opening 
said valve. - 

2. In an elastic fluid turbine, a main sup 
ply valve, an auxiliary supply valve, means 
whereby said main supply valve is closed 
by a spring in conjunction with a regulable 
fluid pressure and means, dependent on the 
amount of fluid Supplied by said auxiliary 
valve for overpowering said spring and 
fluid pressure to open said main valve. 

3. In an elastic fluid turbine, a plurality 
of supply nozzles, an auxiliary nozzle, an 
agent dependent on the amount of fluid sup 
plied to said auxiliary nozzle for opening 
said supply nozzles in accordance with the 

load demand and means comprising á con 
stant fluid pressure, operating in opposition 
to said agent, to close said supply nozzles, 

4. In an elastic fluid turbine, a plurality 
of fluid supply nozzles, a chamber commu 
nicating with said nozzles, a motive fluid 
Supply pipe communicating with said cham. 
ber and adapted to supply motive fluid to 
Said nozzles, a piston reciprocally mounted 
within Said chamber and adapted to close 
Said nozzles, an auxiliary fluid nozzle con 
municating with said chamber and sepa 
rated from said. Supply pipe, an auxiliary 
supply pipe communicating with said auxil 
iary nozzle and means dependent on the 
amount of fluid supplied to said auxiliary 
nozzle for actuating said piston to open 
said nozzles in accordance with the load de 
mand. 

5. In an elastic fluid turbine, a plurality 

5 

8, 

85 
of fluid supply nozzles, a chamber commu. 
nicating with said nozzles, a motive fluid 
supply passage communicating with said 
chamber, a piston mounted within said 
chamber, an auxiliary nozzle communicat 
ing with said chamber adjacent to the for 
ward end of said piston, an auxiliary nozzle 
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communicating with said chamber at the 
rear end of said piston, a, valved fluid pas 
Sage communicating with said forward end 
of said chamber and a fluid passage commu 
nicating with said rear end of said cham 
ber, means for maintaining an approxi 
mately constant pressure in the rear end of 
said chamber behind said piston and means, 
dependent on the amount of fluid supplied 
to said forward end of said chamber for re 
ciprocating said piston to open and close 
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said nozzles in accordance with the load de 
mand. i ... 

6. In combination with an elastic fluid 
turbine, a plurality of fluid nozzles, a cham 
ber communicating with said nozzles, a com 
pound piston mounted within said chamber 
and adapted to close Said nozzles, a motive 
fluid supply pipe communicating with said 
chamber, an auxiliary Supply pipe |????w{{ 
with a governor controlled supply valve 
communicating with said chamber at one 
end of said piston, an auxiliary nozzle com 
municating with said chamber and receiv 
ing motive fluid from said auxiliary supply pipe, a secondary auxiliary supply pipe 
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communicating with said chamber at the 
other end of said piston and adapted to sup 
ply steam to a secondary auxiliary nozzle. 

20 

7. In an elastic fluid turbine, a plurality 
of fluid supply nozzles adapted to supply 
motive fluid to said turbine, an auxiliary 
nozzle communicating with the working pas 
Sages of said turbine, agents, sensitive to the 
variations of fluid pressure admitted to said 
auxiliary nozzle, whereby said supply noz 
zles are closed by a regulable fluid pressure 
until the pressure admitted to said auxiliary 
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nozzle is sufficient to overpower said regu- 15. In an elastic fluid turbine, a plurality 
lable pressure and open said nozzles. 

8. In an elastic fluid turbine, a plurality 
of nozzles adapted to supply motive fluid 
to said turbine, a secondary nozzle commu 
nicating with the Working passages of Said 
turbine, and fluid pressure and spring re 
strained means, dependent upon the fluid 

O 
supplied to said secondary nozzle, for clos 
ing said Supply nozzles. 

9. In an elastic fluid turbine, a plurality 
of fluid supply nozzles adapted to supply 
notive-fluid to said turbine, a Secondary noZ 
zle communicating with the working pas 
Sages of said turbine, agents for supplying 
a regulable amount of fluid to said second 
ary nozzle, and fluid pressure and spring re 
strained means, dependent upon the amount 
of fluid supplied to said secondary nozzle, 
for closing said supply nozzles. 

10. In an elastic fluid turbine, a fluid sup 
ply nozzle adapted to supply motive fluid 
to said turbine, an auxiliary nozzle commu 
nicating with the working passages of said 
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turbine, a secondary nozzle communicating 
with the working passages of said turbine 
and adapted to receive a regulable fluid sup 
ply, and agents, sensitive to the variations 
of fluid pressure admitted to said auxiliary 
nozzle and dependent upon the fluid pres 
sure supplied to said secondary nozzle, for 
closing said Supply nozzles. 

11. In an elastic fluid turbine, a main sup 
ply valve, a governor controlled auxiliary 
?alve, means comprising constant fluid pres 
sure and a spring for closing said main valve 
and means, dependent upon the amount of 
fluid supplied by said auxiliary valve, for 
overpowering said closing means to open 
Said main valve. 

12. In an elastic fluid turbine, a plurality 
of fluid nozzles adapted to supply notive 
fluid to said turbine, an auxiliary nozzle 
columunicating with the working passages 
of the turbine, a fluid pressure and spring 
restrained agent for closing said supply noz 
Zles and means, dependent upon the amount 
of fluid supplied to said auxiliary nozzle 
for actuating said agent to open said nozzles. 

13. In an elastic fluid turbine, a plurality 
of supply nozzles, an auxiliary nozzle, an 
agent dependent upon the amount of fluid 
Supplied to said auxiliary nozzle for open 
ing Said supply nozzles and means, con 
prising a constant fluid pressure in con 
junction with a spring for operating in 
opposition to said agent, to close said supply 
nozzles. 

14. In an elastic fluid turbine, a plurality 
of Supply nozzles, an it; Xiliary nozzle and 
an agent subjected to a constant fluid pres 
Sure and sensitiye te te variations of fluid 
pressure delivered to said auxiliary nozzle 
for controlling the operation of said supply 
nozzles. 

of supply nozzles, an auxiliary nozzle and an 
agent subjected to a constant fluid pressure 
anda cumulative force and sensitive to vari 
ations of the fluid pressure delivered to said 
auxiliary nozzle for controlling the opera 
tion of said supply nozzles. 

16. In an elastic fluid turbine, a main ad 
mission port, an auxiliary admission port, 
a valve controlling the delivery of motive 
fluid through said auxiliary port and an 
agent subjected to a regulable fluid pressure 
and sensitive to variations of fluid pressure 
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delivered by said valve for controlling the 
delivery of motive fluid through said main 
admission port. o 

17. In an elastic fluid turbine, a main admis 
sion port, an auxiliary admission port, a valye 
controlling the delivery of motive fluid to said 
auxiliary port, and an agent subjected to a 
regulable fluid pressure and a spring pres 
sure and sensitive to variations of fluid pres 
sure delivered by said valve for controlling 
the delivery of motive fluid through said 
main admission port. 

18. In an elastic fluid turbine, a main ad 
mission port, an auxiliary admission port, a 
governor-actuated valve controlling the de 
livery of motive fluid through said auxiliary 
port and an agent subjected to a constant 
pressure and sensitive to variations of fluid 
pressure delivered by said valve for con 
trolling the delivery of motive fluid through 
said main admission port. 

19. In an elastic fluid turbine, a main ad 
mission port, an auxiliary admission port, a 
valve controlling the delivery of said port 
and an agent subjected to admission pres 
sure, a regulable constant pressure and a 
cumulative pressure and sensitive to varia 
tions of pressure delivered by said valve 
for controlling the delivery of motive fluid 
through said main admission port. 

20. In an elastic fluid turbine, a main ad 
mission port, an auxiliary admission port 
a valve adapted to open predetermined 
amounts for different turbine speeds and an 
agent responsive to the pressures delivered 
by said auxiliary valve for controlling the 
delivery of motive fluid through said main 
admission port. 

21. In combination in an elastic fluid tur 
bine, a plurality of supply nozzles, an agent 
controlling the delivery of fluid through said 
nozzles, an auxiliary nozzle located at one 
end and a discharge nozzle iocated at the 
other end of said agent. 

22. In combination in an elastic fluid tur 
bine, a plurality of supply nozzles, an auxil 
iary nozzle, a discharge nozzle, and an agent, 
subjected to the fluid pressure delivered to 
said discharge nozzle and sensitive to varia 
tions of pressure delivered to said auxiliary 
nozzle, for controlling the delivery of mo 
tive fluid through said supply nozzles. 
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bine, a plurality of Supply nozzles, an auxil 
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23. In an elastic fluid turbine, a plurality 

of supply nozzles, an auxiliary nozzle, a gov 
ernor actuated valve controlling the deliv 
ery of notive fluid to said auxiliary noz 
zle, and a piston for controlling the deliv 
ery of motive fluid through said nozzle, Sub 
jected at one end to fluid pressure delivered 
by said valve and at the other end to a regu 
lable pressure. . ? 

24. In an elastic fluid turbine, a plurality 
of supply nozzles, an auxiliary nozzle, a 
piston for controlling the delivery of mo 
tive fluid through said ? nozzles, sub jected at one end to a regulable pressure and 
at the other end to the fluid pressure deliv ered to said auxiliary nozzle. 

25. In combination in an elastic fluid tur 

iary nozzle, a discharge nozzle, a governor 
actuated valve controlling the delivery of 
motive fluid to said auxiliary nozzle, means 
for admitting a constant supply of motive 
fluid to said discharge nozzle, and an agent 
subjected to fluid pressure delivered to said 

5 discharge nozzle and sensitive to variations 
of fluid pressure delivered to said auxiliary 
nozzle for controlling the delivery of motive 
fluid through said supply nozzles. 

26. In an elastic fluid turbine, a plurality of Supply nozzles, a discharge nozzle, a gov 

ernor actuated valve, and an agent sub 
jected to the motive fluid pressure delivered 
to said discharge nozzle and sensitive to 
variations of pressure delivered by said 

| fluid through said supply nozzles. 
27. In a turbine, the combination of a main supply pipe, nozzles communicating 

therewith, ?n auxiliary supply pipe for the 
turbine and governor controlled means for 
by-passing steam around the main supply 
pipe to control the effective area of the main supply pipe nozzles. 

28. In a turbine, the combination, with a source of steam supply, a main supply pipe 
and a branch pipe, of nozzles in communi 
cation with the main supply pipe, a valve 
for the nozzles, one end of which is adja 
cent to the branch pipe, and speed cont 
the main supply pipe through the branch 
zles. 

subscribed my name this 16th day of March, 1906. 
RAYMOND N. EHRHART. Witnesses: 

CHARLEs W. McGHEE, E. W. McCALLISTER. 

yalve for controlling the delivery of motive : 

trolled means for by-passing steam around 
pipe to actuate the valve to uncover the noz 

In testimony whereof, I have hereunto. 
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