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NITED STATES PATENT OFFICE.

JAMES WILKIN bO\T OF BIRMIN(JHAM ALABAMA ASSIGNOR TO THE WIL-
KINSON STEAM TURBINE COMPANY A (JORPORATIO\T OF ALABAMA

METHOD OF FIEGULATING TUF'IBINES

SPEGIFICATION formmg part of Letters P&tent NO 749,468, dated J a,nua,ry 12 1904

mount in this art, for if then there be any wire-
(11 awing or thr ottlmcr action of the %upply it
Wlll ser 1011513? mterfel e Wlth the eﬂicmnt actmn |

cor ‘dance with variations in the load, by open-
ing the nozzle, so that the full hoiler- -pressure

'Wlll alwws be admitted.

In this manner the

Applwatmn hlea Septamher 5 1903 SenaI No. 172 033 {No model.)
T 0 Uﬂ whom it mﬂu’ 00%36}”7@ . - | _of the nozzle by moving the 1301nt of the fluid’s 350
~Beit known that I, JAMES W’ILKINSON ac:1t1— | maximum - velocity development away from |
zen 01: the United Sta,tes., residing at Blrmmﬂ'- the end of the nozzle, which has the tendency
ham, in the county of J eﬁerson and State ot | to set up heterogeneous motlon and 1educe the
5 Alabama, have mvented certain new and use- | fluid’s efficiency. " |
" ful Impr ovements in Methods of Regulating | It has heretofore been soucrht to 1eoulate 55
Turbmes, of Wthh the tollowmg isa specifi- | multinozzle turbines by opening or closmfr |
catlon S S | them one at a time by hand or with an auto-— |
My 1nvent1on relates to an 1mpr0ved method ‘matic governing mechanism as the load varies.
IO Gt governing or Iemllatmg elastic - fluid tur- Here each nozzlelepl esentsapomt of economy
bmecs., and it consists in proportioning the sup- | in the r egulation; but no provision is made to 6o
ply of fluid to the tm bine’s load by introduc- |- compeneate variations in load intermediate
~ing it or a part of it in pul%a,tlonc; ot umtcum_; these points. Hence this method is attended
velomty,, but varying duration. o with great waste of motive fluid. As an.im-
My invention further consistsi in creatmﬂ’ and_- pr ovement upon this method it was attempted
mamtammtr the stage-pressures in the several | to reach these Inter mediate variations in load 65
- stage- compartment% of a turbine wherein the | by wire-drawing at the cr itical point of regula-
V@]OG]tY 1s. fractlonally abqtra,cted from the | tion; but this is open to the objections above
- fluid-pressure, sc that they may serve to re- | set forth. By constructing the nozzle so that
;;5;éf;:;sé;;ii?;;;zD c3pf::rnd to the pulsations of the fluid-supply and | part of it is movable in amanner to preserve its
o ontmue them throughout the several stages. | inter nal proportions while varying the quan- 70
In seeking to operate aturbineatthe hwhe&t | tity of the fluid admitted these ob]ectlons may
eﬂiclency and economy the peculiar char actel - | be a,vmded ‘but for many purposes this would
‘istics of this type of engine must be most care- | require. too much apparatus to be of pr actical
1??'}255f:§ff§5_;ff:fz5 fully considered. In the first place the pres- | use, particularly in the case of multinozzle
~sure of the elastle flnid must be converted into | turbines. For tur bines of the Parsons type, 75
Velomt‘y or 21s viva before it can be utilized, having a smgle 1nduct10n part, which is not
and this is generally effected in-a nozzle: whose-_ str 1etly speaking a ‘‘nozzle,” a regulation has
“relative cross-sectional proportions from inlet been effected by pulsating the supply of fluid
3@ to, delivery end vary in accor dance with the | and wiredrawing as well as varying the dura-
~ percentage of pressure to be tr ansformed into | tion. of the pulsatlons to compensate varia- 30
veloc]tv’ ~ The nozzle and rotating buckets, | tions in load; but this is also open to serious
~idriven by the fluid’s 1mpact are deswned and _ob]ectlon from the point of economy.  Krom
constructed to effect a constant qpeed of ro- | this it is evident that a successful regulation
5 ‘tation of the bucket - wheel from a uniform | must ma,mtam the volume of fluid and the con-
bmlex or other source of SUI)I)]V—DI essure, and | sequent 2és vive developed therefrom in the 85
it is essential to the successful operation of the _nozs.ale of unvarying propor tions, while it va-
tmblno that the speed should be maintained | ries the quantity or massin direct proportion
:;-;_;;;;;,_:.;.;:; - constant under a-constant load of any value. to the load. This I effect by admitting the
fj%}j__?';{:f;é{gjf??4O Tt follows as the load varies a greater or less | fluid or only a part of it to the turbine in
qu‘mt1tv of fluid-pressure will bezequn ed; but | pulsations of unvarying volume and velocity 9o
unless this regulation of the supply be eﬂected | and governing the duration of the impulses to -
 without dlstm bing the fixed pr oportions of the pmpm tion their quantity or mean potential
“turbine’s parts to The constant pressure thelef to the load. If the turbine be of the single-
jg;gif;;i?ij{;f;_4 5 ‘will be a loss of efficiency in operation. /This | nozzle type, the regulation is wholly effected
‘.77 -has heretofore been the main (]p culty to ‘SUI-'I by varying the duration of the impulses, 1n ac- 95
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fluid 1s supplied and delivered against the
buckets at its fullest efficiency, but only at
Intervals,except when the load is full on, when
the supply may be continuous. When ap-
plied to a multinozzle turbine, my method of
regulation contemplates pulsating a part only
of the normal supply of fluid, while the rest
1s delivered in constant streams or entirely

shut off. In this connection I treat each noz-
zle as a point of economy whose value is es-

tablished by its capacity, so that if there be

twenty nozzles each capable of delivering fifty-
horse power then there will be twenty points

of constant regulation each of fifty-horse |
power value.

From this it follows that unless
a regulation capable of compensating varia-
tions in load intermediate these points of econ-
omy be provided there will be a loss in effi-
clency throughout the entire turbine’s action,

~except when the load happens to require an

exact multiple of the horse-power units of
The successtul regulation must
also operate the turbine at a constant speed
under all constant load conditions,forall speed
variations affect the economy when the load
1s constant. I provide this intermediate reg-
ulation by pulsating one of the nozzle’s sup-
ply of fluid to vary its power from zero to its
full horse-power wvalue. Thus, according to
the above example, if the turbine’s load be
at two-hundred-and-twenty-five-horse power
four nozzles will deliver constant streams of

fluid representing two-hundred-horse power.

while a fifth nozzle will deliver pulsations of
fluid equal to one-half of its constant value
or twenty-five-horse power. In this manner
I admit cotemporaneously a constant flow of

fluid which varies in volume with large vari-

ations of or i1s roughly proportioned to the
load and a pulsating supply the duration of
whose 1mpulses vary with slight variations in
the load. , o o

Though it might be stated that an intermit-
tent action of the valve at the critical point of
regulation may occur in several of the multi-
ple-nozzle turbines now in use, this interrup-

tion of a part of the supply is the result of

taulty regulation and is effected by the pump-

ing action of the turbine due to variations in

speed under a constant load. In contrast to
this my supply is fractionally and positively

1nterrupted by a governing mechanism to ef-

fect the desired regulation, and by delivering
fluid-pressure always to the turbine in quan-
tity accurately proportioned to the load I
malintain the speed of rotation of the rotor-

- wheels unvarying under any given load and

60

avold the possibility of the turbine’s pumping.

As applied to a turbine operating by stage
expanslon, whether 1t be of the compound type
formed with interior stage-compartments or
comprise a plurality of separate shells, my
improved method of regulation contemplates

- continuing this pulsatory control of the fluid

65

throughout the stages and making the control

749,468

of the several stage-supplies responsive to va-

riations in the initial supply. This requires

‘that the pressures within the several stage-

compartments shall be maintained substan-
tially equal to the pressure of efllux of the sup-
ply-nozzles therefor. Under these conditions

| the pressure of each stage becomes instantly

sensitive to all variations in the volume of the

supply and responding thereto may be util-
ized to control and pulsate the supply of fluid
to a rotating vane element in a succeeding

wheel-compartment. This method of creat-
ing and maintaining stage-pressures and utiliz-
Ing the variations therein (which are sensi-
tive to a pulsatory supply, though sufficiently
independent thereof to compensate conditions
arising within the turbine) for the purpose of
continuing the pulsatory character of the sup-
ply throughout the stages is of the greatest im-
portance 1n the economic operation of multi-
ple-stage turbines. The fluid may be sup-
plied to the initial stage according to either of
the preceding methods or in any other manner
desired without affecting the value of this
stage control. The pulsatory supply between
wheel-compartments may be affected subject
to the intermediate pressures between the com-
partments or working passages of separate or
compound turbines. o

In the accompanying sheet of drawings I
1llustrate an apparatus capable of carrying
out the methods of governing heretofore de-
scribed, 1in which— |

Kigure 1 is a broken-away section taken in
a vertical plane through the supply-stage of

a compound turbine, showing the .controller

device and valve-operating mechanisms in ele-
vation. Fig. 21sa diagrammatic chart of the
governor’s delivery of the- valve - actuating
flmd. Fig. 3 is a diagrammatic illustration
of the action of the stage pressure in control-
ling the stage valves. Fig. 4 is a view simi-
lar to Fig. 1, showing a series of stage valves
automatically controlled by stage pressure.
To 1llustrate my method of governing, I
have chosen a compound turbine whose cas-
ing 1 1s divided into wheel-compartments
torming stages by a diaphragm-partition 2.
Fluid - pressure is admitted to the first stage
by supply-passages 3, (shown-in dotted lines)
leacding through the head 4 of the turbine,
pressure being supplied to said passages in
any desirable manner. Similar passages 5
lead through the diaphragm 2, and rows of
peripheral vanes 6, mounted on rotors, are

-disposed beneath said passages and are rotated

by the impact of the fluid streams delivered

by said passages. _

1 provide rotary valves 7 : tll.ougll any other
form may be used which control the flow of
the fluid through the passages 4 and 5.

head 4 is recessed at 8 to form chambers com-
municating with passages 3 and cut away to
provide forthe movement of the cranks 9, con-
nected to valves 7 and used to operate them.
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. sure, as well as the m1t1al supplsr-presem e in
- cylinders 10, is admitted to raise piston 11;
- buton account of the differential character of
the piston the high pressure above it, conduct-
60 ed through pipes 26, 27, and 186, will hold the
pletcn dcwn and the valve closed. -

6 5

- topofthe

:. A R o i '
. ) .;I: 4 I;|II| il|l:; .
rHlﬂil W :

. The upper cylindrical portions of those cham-
. bers form the high-pressure cylinders 10 of
. the compound differential cylinders 11, whose
.+ low-pressure ends 12 are also formed as cham-
.5 bers insaid head. Within these cylindersare
- differential pistons 13, each of whose lower
- -ends is connected to one of said cranks 9 by
. link 14, so that the valves 7 will be open or
. closed, dependent upon the position of the
10 pistons18. - A series of controlling compound
" cylinders 15, one for each actuetmmcylmdm )
- 11, arealso provlded in the head, and passages
.16 connect the low-pressure cyhnders 12 with
. the high-pressure cylinders 17 of the com-
';f;.pmmd cylinders 15.

. the cylinders 17 at a point near their upper
. .ends, but sufficiently distant therefrom to |
.~ leave said passages uncovered below the high-
= pressure head 18 of differential pistons 19,
20 which have low-pressure heads 20 dleposed
“Wlthm the low- -pressure cylmdel s 21.

‘T have shown a series of fluid - passages,

thcu oh only one may be used, and I preferably
-ﬁ?:j(,(}llll ect the controlling-cylinders for the valves
25 T 8o that a single governor device 22 can con-
-~ "trol and operate a plurahty of valves to effect
.~ the results hereinbefore described. From the
' irst cylinder 21, lettered A, of the se--
© o ries a passage 23 leads upwardly to the center
30 of a governor-cylinder 24, and a second pas-

o sage 95 leade from the side of sald cylinders 21

'_i?;;5?f}f;{;'_;jf-.:;;;;'_jwhen lowel ed to the tOp ot the eucceedmﬂ*
. cylinder 21, lettered B, of the series.
35
. ders 21 of the series together, so that were
= _all the pistons 19 lowered the governor - con-
- troller power could -pass irom cylinder. 24 ;
. through passages 23 and 25 to all the eyl-
Beginning with the end cylinder
. 'F a passage 26 connects its high - pressure
_;_;jff3-.:---:-'-5:5_},;,:f'cvlmder 17 with a constant source of high
- _pressure, such as the boiler, and passages 27
.. connect the succeeding cvlmders 17 in the
45 same manner as pipes 25 connect cylinders
Sl - The passage 16 from each actuating-
?-f_thnd er branches into the passage 26 of its
.- ‘controlling - cylinder near the points where
- they enter the cylmders 17. From the lower
ends of cylinders 21 passages 28 open to the
exhaust—pl essure, so-that atmospheric pres-
. sure 18 always mamtam ed between the heads
' of the differential pistons 183.
99 lead downwardly from cylinders 12 into
the compartment -below, so that stage-pr es- |

inders 21.

Also passages

- Within the governor-chamber 24 T place a

1 ctatmﬂ Icnmtudmelly shifting controller-
0 U opiston 30 having oppositely and inversely
dleposed Wedﬁ’e-ehaped recesses between 113%_-

749,468

Jength capacity of the active passage.
" These passages enter

sure.

Similar-
-arranged passages 25 ccnnect the other cylin-

‘that under a

.(J, are there llluetl ated

3

circular ends, forming a chamber K, which is

‘always open to exhaust or atmospheric pres-

sure through a pipe 31, and semicircular pas-

sage 32 around the pletcn and a chamber P,

similar ly exposed to high or boiler pressure

through pipe 33 and passage 34. Since these

chambers are wedge-shaped, it will be evident

that as the piston 30 rotates one or the other

of them will be in communication with pipe
23 for varying periods, dependent upon the
relative position of the piston to said pipe, so
that impulses of varying duration will be de-
livered to pipe 23 to compensate the Y&l‘}TiI]]lg
The
mean effective pressures of the impulses will
be governed by the vertical position -of the
piston 30 relatively to the pipes 31 and 33,
which are so spaced that by a wiredrawing ac-

| tion the piston as it moves to expose one as 1t
This variation .

closes or shuts off the other.
of the mean effective pressure in pipes 23 and

| 25 1s based upon the principle that any head
of pressure may be maintained 1n a vessel or

condult by admitting thereto and exhausting
therefrom calculated amounts of fluid-pres-
The throttling -action piston 30 will
ploduce an incr eaeed exhaust-and restricted

an increased supply and: restricted exhaust,

‘and these chambers being alternately _emposed

to the pipe 23 by virtue of the piston’s rota-

tion will cause a supply of pressure into and

out of said pipe, determined in a degree by the

relative areas of the exhaust and supp_ly pipes

exposed, and the magnitude of the rise and fall
will be controlled by the rapidityof the piston’s
rotation—-. e., 1f the piston rotate slowly, giv-

ing the pipes 23 and 25 and cylinders 21 full

time to raise their pressure to that of the

chamber P and of the exhaust in chamber E,

a sine-wave of pressure will be produced in
said pipes equal in value to the full difference
between the pressuresin Eand P. If the gov-
ernor-piston be rotated more rapidly, time

will not be given for the complete charging or

exhausbmw of said passages, and a sine-wave
will be pr oduced of less relative variation, so
rapid rotation the sine-waves
will repr eeent but small pressure variations,
while the mean effective pressure values re-

mains always dependent upon the endwise-

shifting movement of the piston which, as

well as the rotation thereof, may be effected _

and controlled 1n any desir ed manner.
Tt being noted that the several cylinders A

to F vary in their differential pr oportions, so

that they progr esewely require an increase of
ten pounds pr essure 1n cvhnde]:s 21 to over-
come the high pressure in cylinders 17, ref-
erence will now be made to the chart in Fig.

2, illustrating the objects and effects of the

| U‘OVGI nor-controlled valve-operating pressure.

The conditions during the delivery of a pul-
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supply to chamber E and P, respectively, or
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represents the increasing mean effective values
ot the pulsations, rising from twenty pounds
to—elghty, while the relative distance above

and below the horizontal pressure-lines of the
waves, representing pulsations, determine
their sine value, being here about ten pounds.
The chart is divided into sections A to F, cor-
responding with the cylinders of the same let-
ters, so that as the mean effective value of the
pulsation increases ten pounds the wave-line
enters the succeeding section of the chart and
the succeeding valve will be opened by the in-
crease of pressure in chamber 21, which ac-
tion can be followed in the dotted line ¢ e.

The horizontal pressure-lines when read from

the left indicate the values of the governed
pressure and when read from the rlcr'ht 1mndi-
cate the pressure values of the boiler—pressure.
The line of equilibrium between these two
pressures, as represented in cylinders C and
D, 1s shown by the line z«, and the full-line

wave represents the degree to which the pul-
‘sations effected by the action of the piston 30

causes the pressure in cylinder 21 of C to rise
above and then fall below thatof cylinder 17.
The horizontal distance between the points of
intersection of the wave-line with the pres-
sure-line indicates the time duration of the
impulses and is determined by the relative
value of the sine-wave of pressure to the
equilibrium pressure-line of the several valves.
In this showing the pulsation of the valve will
admit and cut off pressure to the turbine for
equal portions of each revolution of the pis-
ton 30. The effect of thisis to open cylinder
12 to the high pressure in cylinder 17, when

the latter pressure moves the piston-head 18

-above pipe 16 and passes through that pipe

to overcome the pressures below the actuat-
Ing-piston 13, and to open said cylinder 12 to
the exhaust-pressure when the pressure above
piston 19 movesits head 18 downwardly to shut
off pressure from pipe 16 and open it to the
atmospheric pressure maintained between the
piston-heads 18 and 20, so that the pressure
below piston 13 will raise it and open valve 7.
Unless the load 1s full on or off one of these
valves will always be oscillating to admit im-
pulses ot pressure to the fi

sine-wavesdelivered toitscylinder. Thevalves

will be successively oscillated as the load rises

or talls. According to Fig. 1, the governor-
pressure 1sconstantly superior in cylinders A
and B, intermittently superior in C, and infe-
rior In D, whose piston-head 20 cuts it off from

the siicceeding cylinders, while the boiler-pres-

sure 1s constantly superior in cylinders D, E,
and F, intermittently superior in C, and infe-
rior 1n B, whose piston cutsit off entirely from
A. When the turbine requires more pressure

on account of an increasing load,themean value

of the governed pressure will hold the piston

65 1n C down, will oscillate the piston in D, and

rst stage of uniform
- volumeand velocity, but whichvaryin duration
1 accordance with the varying value of theé

749,468

will be inferior to the boiler-pressure against
the piston in K, which pressure is cut off from
A and B by the head 18 of the piston in cyl-
inder C. In thismanner Isupply the turbine
with fluid-pressure in constant streams and in
pulsations of varying duration.

The construction of the stage actuating and
controlling cylinders in the diaphragm 2 is
practically the same as that of the supply-cyl-
inders, only here the stage-pressure is admit-
ted to cylinder A’ through a pipe 35, repre-
senting the governor-power in pipe 23, and a
preceding stage-pressure or other pressure
higher than thatof the stage under controlisin-
troduced into cylinder F' by pipe 36 and actsto
ralse all the differential pistons 37, which are
all of the same proportions, to close the stage-
valves. The differential between the heads of

a compound piston 37 1s determined by the
proportions ot the constant pressure, which

I desire to maintain in the stage and the high
pressure 1n pipe 30. When pressure is ad-
mitted by the valves 7 to the first stage, which
1 shall treat as that disposed above diaphragm

2, Fig. 4, 1t accumulates therein until it rises

above the desired stage-pressure, when it will
act upon the piston in cylinder A’ to move it
down and open the stage-valve controlled
thereby. If one valve will not carry off the
excess of stage-pressure, 1t will continue to
open up successive valves by rising superior
to the high pressure in cylinders B’ C', &ec.,
anc moving thelr pistons down until sufficient
stage-valves are open to maintain the stage-
pressure normal. The normal line of stage-
pressure 1s represented by s s in Fig. 3 and
the line of equilibrium-pressure by « 2, as 1n
Fig. 2. "The full-line portion of the wave-

line indicates a pulsation to correspond with

that of the supply-valve, which will be deliv-
ered by the stage-valve to a succeeding stage.
It will be noted that when a piston 37 1s down
the piston 1n the adjoining cylinder to the lett
will be locked down by having 1ts high-pres-
sure end exposed to the exhaust-pressure he-
tween the heads of the first-mentioned piston
through a pipe corresponding to 27. From
this it follows that when the piston D' is down
the valves controlled by A’, B, and (' will be
heldopen. The pulsatory suppl v to the stage

causes an intermittent rise and fall 1n the

stage - pressure, which communicates itself
through pipe 35 and the connected cylinders,
whose pistons are locked down and will take
effect in the active cylinder at the eritical point
of regulation to oscillate 1ts piston and the
stage-valve controlled thereby. The stage-
valves may be linked directly to the single pis-
tons 38, moving between stage-pressure and
the high pressure introduced through pipe 36.

Having thus described my invention, what
I claim as new, and desne to secure bv Lettel S
Patent, 1s—

1. A method of regulating elastic-fluid tur-
bines which consists in intermittently inter-
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e Qf;.:ruptll‘lﬂ the ﬂow of motor fluid throu G'h a N0z~
-~ zle-passage, and delivering said fuid to a ro-
. tating -element in pulsatwns of uniform vol-
. umeand velocity, whose mean POteﬂtlal is pro-

-5@@.51)01 tioned to the load.

9. A method of regulatln& elastic- ﬂmd tur-

::-f?if;_.bmes which consists in introducing thereinto

. one’or more constant streams of motwe fluid
’:'{,;constltutlnﬂ' a constant Supply, and a perlod—.
SETRAONN |
-f-?’f*tory supply. -
30 A method oi reﬂ'ulatmo‘ a compound tur-
;;-f--'-rf':-i'.]:nne consisting in'varying the supply of mo-
©tive fluid to the initial stage, and delivering |
15 the supply to a succeeding stage in streams,
;=;f__:j?ﬁf?§§_§,;i?*-;;;--p‘ut of which are constant and part pulsatory.
4. Amethod of regulating a compound tur-

bme consisting in varying the supply of mo-
< tive fluid to the initial stage, and delivering

2o the supply from each stage to a succeeding
.+ wheel-compartment in streams, pm t of Wthh 1
;:f:are constant and part pulsatory. =

5. A method of regulating a compound tur—

'*'?éaiﬁl§;_'T;;i§;?:g-i__:;:f;;}bme consisting in creatmcr “and maintalning

::;;§'5'§;-j§;§j.ff};'If'j;'f;fjﬂmd—supply, and HtlllZlIlﬂ" each of sald pres— -

stage-pressures sensitive to variations in the

740,468

sur es to eﬂ’ect and contl ol a

o

part pulsatory
and part constant delivery of the fluid there-

from to the succeeding wheel-compartment.

6. A method of r eﬁ'ula,tmﬂ' elastic-fluid tur-

| bines which consists in pu_lsatmo* a part of the
| 'Supply to the turbine while the rest of the sup-
ply 1s delivered thereto in a constant stream

or streams.

7. A method of regulating elastlc fluid tur-
| bmes operating by staﬂ*_e expansion, which con-
| sists in pulsating a part of the motor fluid dis-
‘eharged from one stage to a succeeding wheel-
_'GOIanLI tment.

8. A method of regulating elastlc fluid tur-
bines 0011818131110 In maintaining a constant

speed of rotation of the turbine under a given

load by delivering the motor fluid in part con-

stant and part pll]SELtOlV streams whose com-

bined potentml 1S proportloned to the said
load.. |

111 - pr esence of two witnesses.

J AMES WILKINSON
W"ltnesses
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