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1o all whow it way coneern :
Be it kvown that I. Ricnaen T Rick, a

ceitizen of the United Statese residing  at

Lynne in the connty of Fssex. State of
Massachisetts. have invented . certain new
and useful Tmprovements in Regulating De-
vices for Mixed-Pressure Turbo-Comproes-
sors, of whiel the Tollowing is a specili-
ation.

This mvention relates to means for regu-
lating the speed of a turbo=compressor set in
whicli the turbine is actuated either hy low
pressure stean or by high pressuve steam or
by hoth. as may be desived. and ean he read-
ily changed from one condition to another
while rimning: the regulation of speed heing
effected mainly by a constant volume gov-
ernor in the intake of the air compressor, but
Deing subjeet also to u speed governor under
certain conditions. There is alson pressure-
respansive device for keeping constant pres-
stire in an intermediate stage or chamber to
which low pressure steam is fed and from
which steam can he extracted from the tur-
bine for iidustrial purposes. The constant

- volume governor is operatively connected to

the high pressure valve means and also to
the low pressiure valve nieans of the turbine,
operating them stimultancousty and serving
to govern the machine under normal work-
ing conditions.  In case the speed becomes
excessives the speed governor becomes opey-
ative and controls the two sets of valve
mepns, acting as an auxiliary. governor for
the volume governor.  When the turbine is
operitted as n mixed pressure machine, steam

‘s admitted to an intermedinte stage, as well

as to the initial stage. When steam is ex-
tracted for industrial purposes it is with-
drawn from an intermediate stage.  For
both mixed pressure and extraction opera-
tion constant pressure is preferably main-
tained in said intermediate stage, and this is
accomplished by a device responsive to the
pressure-in the stage, to which steam is ad-
mitted or from which it is extracted, and
acting upon the low pressure valve means
which control the flow of steam from said
stags to the next lower.

The valve means which control the flow of

motive fluid to the turbine are usually ar-
ranged to open and elose a plurality of noz-
zlesc Tn order to be able to change from
operation on high pressure steam to opera-
tion on low pressure steam. or o an inter-
mediate condition of mixed pressure oper-
ation. T provide a hand device for adjusting
the relative positions of the high pressure
and low pressure valves so as to vary the
ratio of the areas of their vespeetive nozzle
openings and s permit the steam Lo fow
in sueh amanner as to maintain a constant
pressure in the stage to be regulated.  Thiy
gives a greater range of regulation and by
moving the hand lever {o its extreme post
tions the turbine can be changed from purely
Liigh pressure to purely low pressure condi-
tions. The intermediate positions of the le-
ver canse the machine to operate under mixed
pressure conditions.

- In the accompanying drawings, Figure 1

I8 adiagranmatic view of the regulating de-

viceo and Fig, 2 ix o side elevation of the
turbo-compressor set.

Tt need hardly he explained that a turbo-
tompressor set comprises a steam burbine 1
and a centrifugal air compressor 2, the ro-
tating elements of hoth macliines being
mounted on a common shaft 3. to which is
suitably geared a speed responsive deviee 4.
The compressor has un intake 5 and a de-
livery pipe 6. The intake has an enlarged
frasto-corical portion 7 in which is located
a volume governor consisting of a disk 8
floating on the inflowing column of air and
shifting its position up and down in the in-
take in accordance with the varying voliune
of air passing through said intake. The
movements of this disk are relied upon to
govern the admission of steam to the turbine
and so vary its speed that a constant volume
of air will be delivered by the compressor
under varving conditions of service.  The
speed governor 4 is also placed in:control of
the turbine to prevent abnormal speed under
emergency conditions.

The turbine is of the multistage type, the
drawing indicating this by showing a high
pressure wheel 9 receiving steam from a plu-

rality of nozzles 10 controlled by a valve 11, -
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and a low pressure wheel 12 receiving stcam
from a plurality of nozzles 13 controlled by
a valve 14, The high pressure steam 1is
supplied through a pipe 15, while the low
pressure stéam may be the exhaust from the
wheel 9 entering the chamber 16, or it may
be supplied to said chamber from some other

source through a pipe 17. It will be under- -

stood as a matter of course that the drawing
is-merely illustrative, and does not pretend
to show actual construction.

The valves 11 and 14 are preferably ac-
tuated by hydraulic motors, comprising
evlinders 18, 19 containing pistons 20, 21
connected to the valve stems 22, 3. Fluid
pressure is admitted to the cylinders by
pilot valves 24, 25 which are connected to
levers 26, 27, which are pivoted at one end
to extensions of the valve stems 22, 23. The
other end of thé lever 26 is connected by a
link 28 with one end of a floating lever 29,
while the corvesponding end of the lever 27
is connected by a'link 30 with one end ¢f a
lever 31 whose other end is articulated to
the adjacent end of the floating lever 29.

An intermediate point 32 on the floating
lever is connected both to the speed respon-
sive device and to the volume governor, in
stich a manner that an increase either in the
speed of the machine or in the volume of the
air entering the compressor will cause a low-
ering of the floating lever. The system of
levers for this purpose shown in the draw-
ing is merely 1llustrative and may be re-
placed by other equivalent mechanism.  As
shown, the sliding collar 33 of the speed
governor is connected by a short lever 34
fulerumed at 35 to one end of an arm 36
whose other end is connected by a link 37
to a lever 88 fulerumed at 39 and pivoted at
its other end to the stem 40 on which the
floating disk 8 is mounted. The arm 36 is
pivoted to a short plunger 41 sliding in =
stationary guide 42 and pivoted to the float-
ing lever 29 at the point-82. :

A pressure responsive device is connected
to the fever 31 and actuates it in correspond-
ence with variations in the steam pressure in
a stage or chamber of the turbine. The pref-
erable construction is indicated in the draw-
ing, comprising a se-cailed sylphon dia-
phragm 43 attached to a rod 4+ which is
pivotally connected to the fever 31, A pipe
45 conveys fluid pressure from the stage or
chamber 16 ‘to the diaphragm, sb that upon
an inerease of pressure in said chumber the
spring 46 will be compressed and the Iever
31 will be forced downwardly.

The means for positively tilting the fioat-
ing lever 29 compriges a hand lever 47 ful-
crumed at 48 and having a lateh 49 cotiper-
ating with a notched guadrant 50. The up-
per end of ‘the hand lever is jointed to an
arm 51 on the floating lever 29 in-such a way
as not to interfere with the free up and down
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movements of the floating lever, but at the
same time enable the .attendant to filt the
floating lever one way or the other by suanip-
ulating the hand lever. o

The construction and arrangement of the
mechanism having thus bden described, it
remains to point oup how these parts fune-
tion. Let us consider first whai happens
upon an increase in the volume of air enter-
ing the compressor. ~ This oceurs when the
resistance offered to the columu of air is de-
creased, as for instance when the fuel in a
gas producer has been consumed sulliciently
to allow the air to pass through it more
freely. Any increase in the volume of air
lifts the floating disk 8 and its stem 40 and
thereby depresses the opposite end of the
Jlever 88, carrying with it the wm 36, As
this arm fulcrums on the end of the lever
34, which is held stationary by the speed

governor, the A}lunger 41 witl be depressed,

dropping the floating lever 29 bodily. This
movement forces down one end of the lever
26, which folerums at the upper end of the
valve stemn 22. The downward movement of
the pilot valve 24 admits hydranlic or ofher
fluid pressure under the piston 20, causiag
it to move upwardly and lift the high pres-
sure valve 11, thereby closing some of the
nozzles 10 and slowing down the mnachinery to
lessen the volume of alr. Simultaneonsly with
this closing of the high pressuve valve 11, the
low pressure valve 14 is closed also, In the
following manner: The bodily downward
movement of the lever 29 cairies down the
adjacent end of the lever 31 which fulerums
on the rod 44 and thereby lifts the link 30,
the lever 27 and the pilot valve 25, admnitting
fluid pressurve on top of the piston 21 and
foreing down the low pressure valve 14,
thereby shutting off some of the noszles 13
or decrensing the outlet area. '

The above-described movemnent o

, : f the pis-
tons 20, 21 gives the levery 26, 2

oo dod eV e-
ment in the opposite direstion to that which
they had previously received, so that the
pilot valves will be restored to mid-position
covering hoth perts leading to thewr cylin-
ders and retaining the valves 11 and 14 n
the positions to which they have shifted,

Assuming now an abnornwl incrense of
speed of the machine, due to o drop in load
or other causes, the speed governcr acls in
the following manner to throttle the steam
and restore the speed to normal: Ths out-
ward movetaent of the fly-Dhaily of the gover-
nor lifts the collar 53 and that end of the
lever 34, depressing the opposite end of said
lever and with it the arm 36, which fulerums
on the link 87 and pushes down the plun
41; thereby causing a drop of flo:

ang lever,
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2% and a partial closing of the valves 11 and

14 in the manner above described. .
f con avt . ,
The pressure in the Intermediate. chamber

- 16 of the turbine is under the conéral of the
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pressure vegulator 430 which operates the
low pressure valve Ihonly, Should the pres-
siee in this chamber inerease, the sviphon
diaphragm will move downwardly, over-
coming the tension of the spring 46 and
pushing down the lever 310 As this ful-
crims at the point where it is pivoted to the
floating lever 200 the link 30 will depress the
Tever 27 and the pilot valve 23, thereby ad-
mitting (lid pressure under the piston 21
and Blting the fow pressare valve T to open
more of the nozzles 13 and permit a larger
flow of steam from the chamber 16 o the
lower stage of the tirbine, thereby relieving
the excess of pressure inosaid chamber,

The pressure regulator has an important
function in supplementing  under certain
conditions the effeets of the volume and
speed covernors. To make this plain. let
it be asstmed that the machine is running
only on low pressure steam dervived from the
exhatist of another engine or some similar
sotree,  The load is carried solely by the
huckelt wheel 12, 11, now. the supply of low
pressire stean 1s redueed the machine will
slow down and the speed governor will act
to open up the high pressuve valve 11 and
admit live steam to the bucket wheel 9 to
carry the foad. Simultancously. it tends to
open the Tow pressure valve U still wider.

But the veduction of pressure in the chamber

16 due to the failure of the Tow pressire
steam causes the pressure regulator to oper-
ate in o manner to shut ofl some of the Tow
pressure nozzles 13 in an attempt to restore
the lost pressure. Mmost immediately hove-
ever, the steam exhausting into the c¢hiuber
16 from the wheel 9 builds up the pressure,
and passing to the wheel 12 eauses the latter
Lo vesume such portion of the load as the re-
duced area of the nozzles 13 permits. Upon
the slight inerease in speed, due to the oper-
ation of both wheels, the volume governor
acts Lo redoee the supply of steam, and
canses the machine to settle down to a mixed
pressure condition of operation. »

It will be observed that the pressure regu-
lator operates quite independently of the
volume and speed governors, and also that
the operation of these two latter devices is
notinterfered with by the pressure regu-
Lator. This feature s of importance when
the imachine is running as an extraction tur-
bine, beeause the supply of steam from the
chamber 16 for industrial purposes nst be
maintained at a constant pressure, irrespec-
tive of the variations of load on the com-
pressor.

To obtain the highest efficiency of the
high pressure and low pressure combina-
tion, the hand lever 47 and its codperating
parts enable the pressure ratio between the
high pressurve and low pressure valves to be
varied. By moving the lever to the right in
Fig. 1 the floating lever 29 will be tilted up

8

at the left hand end. causing the normal
nozzle opening for the high pressure valve
U to be greater than that for the low pres-
sure valve 140 11 the handle 47 18 carried
to the extreme right. all the low pressure
nozzles will be closed and all the high pres-
sure nozzles opened. and the machine will
then operate as a simple high pressure tur-
hine. The pressure of the exhaust entering
the ehamber 16 will act upon the sylphon
diaphragm and cause it to open the low pres-
sure valve means sufficiently to permit the
steam to pass to the condenser.  Any excess
pressure will be taken care of by the reliet
valve 52 in the pipe 17, When running in
this manner on high pressure steam alone,
the machine can be used for extraction pur-
poses. stesun being led off through the pipe
L7, and a constant pressure being main-
tained by the pressure regulator.

- 1f the handle 47 is thrown to the extreme
left, the high pressure valve 11 will be closed
and the low pressure valve 14 opened, and
the nwehine will run on low pressure steam
supplied to the chamber 16 through the pipe
17, In both eares, whether high pressure or
low pressure. the volume governor, the speed
governor and the pressure regulator main-
tain compleie regulative control of the ma-
chine, although when the handle 47 is in
cither of its extreme positions it absolutely
prevents the speed and volume governors
from  moving  the corresponding  valve
enough to open its ports.  Consequently, if
the machine is running on low pressure
steam ondy, with the high pressure valve out
of service, any serious reduction in the stp-
ply of Tow pressure steam must be met by
the engineer, who must shift the handle 4%
far enough toward the midposition to letthe
movement of the high pressure valve by the
governor cause it to open some of the high
pressure steam nozzles. When the handle
A7 occupies an intermediate position, the
machine will operate ax a mixed pressure
unit, subject as herore to the regulation of
the volume and speed governors and the
pressure regulator.  The position of the
handle 47 determines the pressure ratio be-
tween the two valves, by determining the
relative amounts of normal tiozzle opening.
Thus, it the handle occupies the position
indicated by the dotted line in Fig. 1, the
machine will operate normally on low pres-
sure’ steam but will call the high pressure
steanm into service when the load becomes
greater than the low pressure steam ean
carry, the speed governor operating to open
the high pressure valve. 5

play of the valves all the time, due tothie
action of the two governors, but that the
normal regulating movement is not enough
to open the high pressure valve when the
handle 47 is in the dotted line position.

Tt will be under-
stood that there 1s more or less simultaneous.
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5 high pressure and low pressure

The machine can be used as o mixed pres-
gure turbine, running partly on high pres-
“sare and partiy on low pressure steain, bt

not nnder exiraction conditions at the same

time. . When the turbine is running under
mixed or dow pressure conditions, the low
pressurc stean enters through the pipe 17
Under extraction conditions, the high pres-
sure steam is used and the extracted steam
is led off through the same pipe 17, to a
branch pipe having a suitable valve which
15 closed when the low pressure steam is used.

In accordance with the provisions of the
patent statutes, I have deseribed the prin-
invention, together
with the apparatus whicl T now consider to
represent the best embodiment thereots but
1 desirs to have it understood that the ap-
paratus shown is only iustrative, and that
the invention ecan be carried out by other
means. '

What T.claim as new and desive to seeure
by Tetters Patent of the TTnited States, 15—
1. The combination with an alr compres-
sov, drivent by a mixed pressure surbine, of
a device responsive to variations in volwme
of the air passing through said compressor,
high pressure and low pressure valves for
said turbine, and means whereby snid valves
sald device.

9. The combination with an air compres-
sor, driven by a mixed pressure turbine, of
a device responsive to variations in volume
of the air passing through said compressor,
valves for
snid turbine, operetive connections between
said device and said valves, wheveby both
valves are operated simulteneously, and a
speed vesponsive devics alsoe connected o
1idh valves, and, operating thewm sipaitiba-
neeusly. = o

3. The cosabination with an alr compres-
sor, driven by a mixed pressure turbine, of
a volume governor in the intake of said com-

i5 pressor, high pressure and low pressure

valves for said turbine, actuating mecha-

pism for -operating said valves simulianc-
_ousty, and connections hetween said actuat-
ing means and said governor. '

e - » . . . .
6 4 The combination with an air compres-

sory. driven. by a mixed pressure turbine, of
a spessl governor driven by said turbine, a
volume governor in the intake of said com-
Pressor
valyes Csaid. turbine, actusting mecha-
nigm for eperating said valves simultane-
ously, and . operative counections bebween

said astuating means and both of said gov-

3. The,combination with an air compres-
sor, driven, by a mixed pressure turbine, of

COIDOES: v

a speed, governor driven by said turbine, a
volinue, governor in the intake of said com-

s ypressar.., high - pressure, and low pressure

nressor,

igh pressure aund low pressure

1,154,564

valves for said turbines, actuating wecha-
nism for operating said valves simultane-
ously, operative connections between said ac-
tuating means and both of said governors,
and means for varving the pressure atio
hetween said high pressure and low pressure
valves. :

6. The combination with an air compres-
sory driven by a mixed pressure turbine, of
a speed governor driven by said turbine, a
volume governor in the intake of said com-
high pressure and low pressure
valves for said turbine, actuating mechanism
for operating said valves simultaneously,
operative conncctions between said actuat-
ing means and both of said governors, and
means for varving the relative nozzle areas
respectively controlled by said valves.

7. The combination with an air compres-
sor, driven by a mixed pressure turbine, of a
volume governor in the intake of the com-
pressor, high pressure and low pressure
valves for the turbine, actuating mechanism
for operating said valves simnltaneously,

65
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connections between said actuating means

Cand said governor, and a device responsive

to intermediate stage pressure having inde-
pendent control of said low pressure valve,

8. The cambination with an air compres
sor, driven by a mixed pressure turbine, of o
speed governor driven by said turbine, a
volume governor in the intake of said com-
pressor, high pressure and low pressure
vaives for snid turbine, actuating mechanism

90

for operating said valves simultaneously,

operative connections between said actuating
means and both of said governors, and a de-
vice responsive to-intermediate stage pres-

100

sure having independent control of said low -

pressure vaive,

9. The combination with an air compres-
sor, driven by a mixed pressure turbine, of
a volume governor in the intake of said
compressor, high pressure and low pressure
valves for said turbine, mechanisin control-
ling said valves comprising a floating lever,

and conneetions whereby said lever is moved

bodily in response to the varying positions
of suid governor. ‘

16, The combination with an air compres-
sor, driven by a mixed pressure turbine, of

4 volume governor in the intake of said com-

pressor, a speed governor driven by said tur-
bine; high pressure and low pressure valves
for siid turbine, mechanism controlling said
ralves comprising a floating lever, and con-

nections whereby said lever is moved bodily,

in yesponse to the varying positions of cither
governor. ‘ o ‘

11, The combination with an air compres-
sor, driven by a mixed pressure turbine, of a

yolume governor in the intake of said com-
high pressure and low pressure-

pressor,
vulves for seid turbine, meshanism control-
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