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77) //// ?? (, 1?? it i?? (1? ( , ) (* 1.) : 
Be it kilow that I. IR (ARD II. IRI ("E, a 

| citizen of tle United States, residing at 
Lynn, in the county of Essex. State of 
Massachiusetts. I have in veluteºtl (“ertain line W 
and useful improvements in Regulating le 
wi(*os fo) y' - M|iXe( t -l?resst1re ?!`1;r')()-( 'e )?)h l)r'(?s 
sors, of which the following is a specifi 
'ation. 
This invention relates to means for regul 

lating the speel of a tro ()-(:-( ) presse or set in 
which tle turline is actate either by low 
pressure steau or by high pressure stean, or 
ly boti. as may be desired. ali ºan je read 
ily changed from one condition to another 
while running : tie regulation of speel being 
e flected mainly y a constant volte gov 
ernor in the intake of the air (“o Pressor, litt 
lbeing subject also to a speel gove' no' de!” 
certain conditions. There is also a press re 
responsive device for keeping constant pres 
sire in an intermediate stage (' (hann»er to 
which low pressure stean) is fed all fron 
which steam ('an je extracted from tle tur 
pie for indi Istrial purposes. The constant 
volume governor is operatively connected to 
the higl pressure valve means and also to 
the low pressure wave means of the turbine, 
operating then similtaneously and serving 
to govern the machine under normal work 
ing conditions. In case the speed becomes 
excessive, the speed governor becomes oper 
ative and controls the two sets of valve 
means, acting as a at Xiliary, governor for 
tie voline governo!'. When the trbine is 
operated as a mixed pressure machine, steal 
is admitted to an intermediate stage, as well 
as to the initial stage. When steam is ex 
tracted for indistrial purposes it is with 
drawn from an interinediate stage. For 
both mixed pressure aid extraction opera 
tion constant pressure is preferably main 
tained in said intermediate stage, and this is 
accomplished by a device responsive to the 
presstre in the stage, to which steam is ad 
littel or from which it is extracted, and 
acting upon the low pressure valve means 
which control the flow of steam from said 
stage to the next lower. 
The valve means which control the flow of 

1 ( otive fil to the t troite are usually ar 
"a lige d t ( ) ( ben a) « el se a plurality of noz 
zles. I 11 orier to e alle to change from 
Operation (i lig ressure sten to opera 
tio! (o!) lo) W j ) resis tre st ('a111, or to al inter 
media te condition of mixed pressure oper 
ation. I provide a hand device for a disting 
t}} e relative positions of the liri i pressure 
anti low ressi tre valves so as to vary the 
ratio of the areas of their respective nozzle 
openings and this permit the steam to flow 
in Slich a ln;lnner as to maintain a constant 
press ire in the stage to be regulated. This 
gives a greater range of regulation and by 
loving the hai e le ver to its extremne posi 
tions the turbine can be changed from purely 
ligh press i re to purely low pressire condi. 
tions. The intermediate positions of the le 
ver ('ase the nachine to operate in der inmixed 
presstre conditions. 

l in the a (“companying drawings, Figure 1 
is a liagi'animatic view of the regulating de 
vice, and Fig. 2 is a sile elevation of the 
tillio-contressor set. 

It need hardly be explained that a turbo 
compressor set conrises a steam turbile 1 
and a centrifugal air compressor 2, the ro 
tating elements of both maclines being 
not inted on a coin}) on shaft 3. to which is 
suitably geared a speed responsive device 4. 
The confessor has an intake 5 and a de 
livery pipe (5. The intake has an enlarged 
fristo-conical 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 volume 
of air passing through said intake. The 
movements of this disk are relied upon to 
govern the admission of steam to the turbine 
ald so vary its speed that a constant volume 
of air will be delivered by the compressor 
un ler varying (ronditions of service. The 
speed governor 4 is also placed in control of 
the turbine to prevent abnormal speed under 
emergency conditions. 
The tirline 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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pressure regulator 13, which olerates the 
low pressure valve 1 only. Should the res 
stre in this challer increase, the sylho 
dia phragi Will nove (lown Wardly, over 
('oning the tension of the spring 46 and 
l) li islainger low in the le x' ('' :31. \ s this fil 
('I' is at the point where it is pivoted to the 
loating le ver 29. the link (3) will depress the 
level 27 and the pilot valve 25, the rely a (l- 
initting ?lit ressure incle' the pist on 21 
an el li fting t lle ! ( ) wº »resstre vºlve l ! to) (open 
ore of the nozzles 1:3 at permit a larger 

llow of stean from the clhamber 16 L () the 
lower stage ()f the turbine. therelby relie ving 
the excress of presstre in sait claumber. 

"lhe press tre regulator las an in portant 
function in stillenheiting uncle' ('ertain 
('on litions the elects of the volune anot 
speel governor's. 'lo) na ke tlmis lain. let 
it be assu met that the machine is running 
only on low pressure stean clerived from the 
exha ist of another engine Or some sinilar 
source. The load is carried solely by the 
lucket wheel 12. l I. now... the supply of low 
pressure stean is 'clicel the na (line will 
slow clown ant the speed governor will act 
to open the hig pressure valve l l and 
dit live steam to the backet wieel 9 to) 

carry the load. Sin ultaneously, it tends to 
ope the low press re valve i? still wide l'. 
It the reduction of pressure in the chamber 
1 (3 due to the failure of the low pressure 
steam cat ses the pressure regulator to oper 
ato in ; llun: un ne'r to sht it oll" some of the low 
press tre nozzles 1:3 in an atte1n.pt to 'est (\'o 
the lost pressure. \lmost immediately how 
e ver, the stean. exhausting into the cht, uniber 
1 (3 from the wheel ) builds up the pressure. 
and passing to the wheel 12 causes the latter 
to restine such portion of the load as the re 
duced area of the nozzles 13 permits. Upon 
the slight increase in speel, die to the oper"- 
ition of botl w heels, the Voitime governor 
acts to retice the supply of steam, and 
causes the machine to settle clown to a mixel 
pressure condition of operation. 

It will be observed that the pressure regu 
lator operates (lite independently of the 
volt line and speed governor's, and also that 
the operation of these two latter devices is 
not interfered with by the pressure regi 
lator. This feature is of importance when 
the macline is ruinning as an extraction tur 
bine, because the supply of steam from the 
chauber 16 for industrial purposes nist be 
maintained at a constant pressure, irrespec 
tive of the variations of load on the com 
pressor. 
To olotain the highest efficiency of the 

high pressure and low pressure combina 
tion, the hand lever 47 and its coöperating 
parts enalble the pressure ratio between the 
high pressure and low press tire valves to be 
varied. 13y moving the lever to the right in 
Fig. 1 the floating lever 29 will be tilted up 

3 

at the left hand end, causing the normal 
nozzle opening for the high pressure valve 
11 to be greater than that for the low pres 
sure valve it. If the handle 47 is carried 
to the extreme right, all the low pressure 
nozzles will be closed and all the high pres 
sire nozzles opened. and the machine will 
the in operate as a simple high pressure tur 
bine. The pressure of the exhaust entering 
the chamber 16 will act upon the sylphon 
liah'agna and cause it to open the low pres 
stre valve means sufficiently to permit the 
steam to pass to the condenser. Any excess 
pressure will be taken care of by the relief 
valve 52 in the pipe 17. When running in 
this nanner on high pressure steam alone, 
the machine can be used for extraction pur 
poses, steal being led off through the pipe 
17, and a constant pressure being main 
tained by the pressure regulator. 

If the handle 47 is thrown to the extreme 
left, the high pressure valve 11 will be closed 
and the low pressure valve 1-4 opened, and 
the machine will run on low pressure steam 
supplied to the chamber 16 through the pipe 
17. ln both cases, whether high pressure or 
do XV presstre. the volumne governor, tlhe speed 
goverior and the pressure regulator main 
tain collete regulative control of the ma 
chine, although when the handle 47 is in 
either of its extreme positions it absolutely 
revents 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 only, with the high pressure valve out 
of service, any seriotis reduction in the stip 
ply of low pressure steam must be met by 
the engineer, who must shift the handle 47 
farº enough towa i'd the Innidl position to let the 
novement of the high pressure valve lby tlhe 
governor cause it to open some of the high 
pressure stea nu nozzles. When the handle 
it occupies an intermediate position, the 
machine Will operate as a mixed pressure 
unit, subject as before 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 announts of normal nozzle opening. 
Thus, if 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 
steam into service when the load becomes 
greater than the low pressure steam can 
arry, the speed governor operating to open 
the high pressure valve. It will be unde 
stood that there is more or less simultaneo 
play of the valves all the time, due to the 
action of the two governors, but that the 
no'una i regulating novement is not enouglh 
to open the high pressure valve when the 
handle 47 is in the dotted line position. 
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The machine can be used as a mixed pres 
sure ilirisiae, rining p* rily (}) lig; }}}'es 
share and pa ':'y on tow' } ''ssil re steain, it it 
noi, under extractic cititions at the salie 
tiniae. When the tiroirie is ruinni Fig tindier 
mixed or low pressure conditions, the low 
pressure steali: enters through tie pipe 7. 
Under extraction conditions, the high pres 
sure steam is rised and the extracted stean 

10 is led of through the same pipe i, to a 
brancia pipe ha ving a suita vie va! ve which 
is closed when the low pressi'e steam is used. 

In accordance with the provisions of the 
patent statutes, I have described the prin 
ciple of operation of my invention, together 
with the apparatus which I now consider to 
represent the best erbodient thereci: but, 

desire to have i de'st) tiat the :)- 
para tuts shown is eniy illustrative, and that 

20 the invention can be carried out by other 
EiS. 
What, claim as new and desii'e to secure 

by Letters Patent of the inited States, is:-- 
3. The combination with an air cores 

sor, driven by a mixed pressure turbine, of 
a device responsive to variations in volune 
of the air passing through said compressor, 
high pressure and low press 'e valves for 
Said turbine, and means whereby said valves 

30 are' sinultaneously operateg? by saidi device. 
2. The combination with an air compres 

sor, driven by a mixed pressure turbine, of 
a device responsive to variations in voli line 
of the air passing through Said compressor, 
high pressure aid low pressure valves for 
said turbine, operative connections between 
said device and saidi yalves, whereby bot 
Yaves are operated simultaneo: siy, and a 
speed responsive device also coinn&cted to 

40 said valves, and (perating their similit:- 
ineously. . . .,,, 

3. The combination with an air compres 
soi", driven by, a mixed pressure turbine, of 
a volume gove:'no' in the intake of Saidi coin 

á 5 Þressor, high pressure and low pressure 
valy?es for said turbine, actuating mecha 
misma for operating saidi vaives simuliaine 
ously, and connections between said actuat 

i sig means and Said go tºernor. 
4. The comibination with an air coin}}'es:- 

sor, driven by a mixed pressure tribine, of 
a speel governor driven by Said turbine, a 
volanie governor in the intake of said cont 

??{?8Š: 
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- w for said turbine, actuating mecha 
r operating Said vaives sinul taile 
and operative connections between ilis). 

0s, said actuating means and both of said gov 
ei'mogS : . . . . ? 

3. 
sor, driyen by a mixed pressure turbine, of 
a speeds governor driven by said turbine, a 
volºnge, governºr in the intake of Said com 
pressor... high pressure and low pressare 

Jigh pressure and low pressure 

The combination with an air compres 

valves for said turbines, actuating mecha 
inish for operating said valves simultane 
itsly, operative connectiºnas between said ac 
tating neas and both of said governors, 
and means for varying the pressi re ratio 
between said high pressure and low pressure 
valves. 

65 

6. The combination with an air compres 
sor, driven by a mixed pressure turbine, of 
a speed governor driven by said turbine, a 
volume governor in the intake of said com pressor, high pressure and low pressure 
vaives forsaid trbime, actuating mechanism 
for operating said valves simultaneously, 
operati y'e connections between said actuat 
ing means and both of said governors, and 
means for varying 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 simultaneously, 

80 

85 

connections between said actuating means 
and said governor, and a device responsive 
to interediate stage pressure la ving indle 
pendent control of said low pressure valve. 

| 8. Tine combination with an air compressA 
sor, drive by a mixed pressure turbine, of r 
speed governor driven by said turbine, a 
volume governor in the intake of said con 
pressor, high pressure and low pressure 
valves for said turbine, actuating mechanism 

90 

for operating said valves simultaneously, 
operative connections between said actuating 
lieans rid both of said governor's, and a de 
vice responsive to intermediate stage pres 
st 'e having independent control of said low . 
press; ire wave. 

9. The combination with an air compres 
Sor, diri vert by a mixed pressure turbine, of 

().5 

a voi me governor in the intake of said 
compressor, high pressure and low pressure 
valves for said turbine, mechanism control 
ling said valves comprising a floating lever, 
and connections whereby said lever is moved bodily in response to the varying positions 
of Said governor. - 

10. Tiue combination with an air compres 
30r, driven by a mixed pressure turbine, of 
st Voltine governor in the in take of said con 
pressor, a speed governor driven by said tur 
bilt, high pressure and low pressure valves 
for said turbine, niecialism controlling said 
valves comprising a floating lever, and con 

() 

5 

O 

lections whereby said ever is moved bodily 
in response to the 
governor. , 

ii. The combination with an air compres 
Sor, driven by a mixed pressure turbine, of a 

'arying positions of either 

25 

volune governor in the intake of said com 
pressor, higi pressure and low pressure 
valves for said turbine, mechanism control 

  

  




