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' l“we 14 end 15 show in lenrrltudmel and in a substan-

Be it known that T, Ri¢cHARD SCHULZ - a subject of tially horizontal® section 1eepeetwely the. three-part

the King of Prussia, wauhng at Berlin, Flensburger- | nnzzle containing element. Figs. 16, 17 and 17* are |
- stiasse 2 (101*111‘11’1}?, have invented certain new and | modifications llustrating” means for moving the part 60

usciul III].}}I ovements in the Nozzle-Coataining Lle- | containing the exit end of the nozzles and independ-
—ment of Steam-Turbines; and I do hereby declare the | ent valves for eentrelhng the inlet of steam. --Figs,

~fallowing 1o be a full, clear, and exact description of | 18 to 22 arc scetional views of various forms of steam

the invention, such as will enable others skilled in the { channels or nozzles. Figs. 23 to 25 are sectional views - )
ary to which it appertains to make and use¢ the same, | showing independent slide * valves controlling the 65

reference being had 1o the wccompanying dhmmge, steam - channels or nozzles. Figs. 26 to 28 are like

and to letters or figures of reference marked thercon, | views showing another form of valve.

which form a part of this specification. ' In the drawings O indicates the casing of the tur-

This invention relates (to impact steam turbines bine, B a removable end cover and C the partitions
having onc or more pressurc stages and more pertleu- ~dividing the casing O into chambers N in which the 70
larly to the construction of gunle apparatus . e. the | turbine wheels rotate, the par titlons in an axial im-
element containing the nozzles  aether the turbine | pact turbine providing the means for causing the
be of the axial or radial type and the invention has | steam to expand in stages and having a crown contain-
for its object to construct the nézzle containing ele- | ing the nozzles. | -
ment of a plurality of parts as hereinafter described, Steam is supplied from a steam inlet chamber L, 75
whereby these nozzles can be more readily shaped Frigs. 4 and 5 formed - on the end cover B at the inlet side
‘and constructed; the nozzles be given a different form | of the turbine from which the steam passes through

- of exit or entyance or both without reconstructing the | nozzles or steam channels into the first chamber N con-"
turbine; the steaig be directed and controlled or en- | taining the turbine wheel 50 on which it acts by impact,
tircly cut off and which at the same time will pemnt the steam being expanded in the nozzles.  These noz- 86
the use of a standard part for several forms of nozzles | zles may be uniformly distributed around the circums-
with or without Varleue forms for controlling the pas- {erence or they may be arunged in sels symmetrically
sage of steam through them a8 will. herelne,fter more | in a circle to cause the steam to act on the blades of the
fully appear. | wheel and rotate the latter. - |

Referring to the drawings, in which like parts are Now in each of the partitions C and on.the end cover 85
similarly designated.—Figure 1 is a nozzle or steam | B near the peripheries thereof arve situated the nozzles
channel centaining'e;emeilt for the first stage of pres- | forming the nozzle crown and it is the construction of |
sure in an axial impulse turbine in longitudinal sec- | this nozzle crown that forms an independent part of
tion.of the latter; Figs. 1* to 4* and 1 to 4° show va- { thisinvention. It will thus be seen that besides many
rious forms of joint between the parts of a two-part | advantages of operation of such a construction, the 90
element containing the stéam passages or nozzles. | manufacture of the nozzle crowns is very greatly facili-

Figs. 2 and 3, are substantially horizontal sections | tated since the steam channels can be cut by a milling
threuﬂh a two- part nozzle containing element for the | tool for instance. I |

" first and second pressure etage Fig. 4is a view partly In all the ex: unplee the fixed rim mounted on the .
in elevation and partly in vertical lengltudmal sec- | cover B or the partition C is indicated by A and the sup- 95
‘tion showing the nozzle for several pressure stages in | plementary part which appears separated by a fitting
an axial’ turbine. Fig. 5 is a like view through a | joint (see joint lines ¢ t in-Figs. 1°-——4°) by A”. |

* radial impact turbine. - Fig. 6 shows the fixed and a | | Whdére the entrance portion a of the nozzle is made
movable part of the nozzle containing element of an | on one part and the exit portion made on another, one
impact turbine steam being supplied at two points | of the parts can be made movable with respect to the 100
of the circumference of the wheel. Figs. 7 and 8 | other, see Figs. 6 to 15, so that they act valve-like, one
show two forms in horizontal section of the fixed and | with respect to the other to increase and diminish the -

‘movable part of the mnozzle, containing element. | opening in the nozzle. Also the supplementary re- |
Fig. 9 is an elevation of the, fixed part of a nozzle con- | movable part A/ may ‘be made of other metal than the
taining element. Fig. 10 is a like view of the mov- | fixed part A. When it is desirable, one of the parts 105
able supplementary part of said element. Fig. 11 is | may be removed in order to substitute enether having -
2’ view, partly ipg,section and partly in elevation, | a different form or length of entrance or exit or both
ehewing means for holding the eupplementary part or | may be changed into a three-part nozzle crown as illus-

- ring of the nozzle containing element in operative | trated in Figs. 14 and 15. | | - S
position. Figs. 11*°—11° show in section thruugh the The movable part of the crown can be so made as to 110
channels some ways of- errangmg an auxiliary ring. | partially or completely cut off the stcam passage
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20 -(lwmmn ho‘rwoon f;hca parts A and A7 of the nozusle
~crown is hoth lnnmtudumlly of and. tmnwmw*ly to the
"Thé two’ oppostte nozzle walls nearest. 16 or |
farthest away from the turbine shaflt are designated

. the. “mnel

95

30
35

10 g
“while in Fig. 4" th{* entmnpo portions a only form tnoth-

a8 Bh"W ) in Flgﬂ 7. ‘md 8 -where the supplement%ry.{
part' N consisting of a ring ‘or- ring piece is movable"
relatively to the Ilvc,d, part or rlm A, Thm it will be:
~seen'that Lhe fall of the steam :pressure, ‘the SpGLd of ro-
tation, pnwgr “ete. of I::Il(‘h a mfuhmo can be madllyi:
mntrnlled especmlly whtn the steam is *‘-;Llp'plled by
one: or. more. groups of nrmzles anange{l near the peﬂ_f"
riphery of the tulbme wheels. o |
. “'One partof the crown in every case.such as the part

A formsa part of- the fixed qt%tlonfny nlombel Bore,

Flgq 18,.0b 98, 98 Bu g 4u qud 4b, |
- In I‘lﬂ*ﬂ 1“' aml ]h ﬂ]{,, line of sopmml ion i-=¢ or the
nozzles. -

and the “‘outer” wall mspr-r:nw}y the
other two app{)qne walls being ‘the “side walls.”

| ]'}a.ch of tlm parts A and A’ carries a portion of the side
- wa]ls of the nozzles, so- that the qulo walls can rmdll}f |
be given zmy desired” ‘%h‘lp(’* by means of a milling tool,
" the sidé wall portions ¢ and b between ad] jacent numlos.
standi ing comb llL{_‘ fmm the mlt Wlth Wh’l{‘h 1]1{W qro-,

mteu'ral

Accm*dmg tﬂ the drmwmgﬂ the entrance pmtum a nff':_'
the steam chatinels is a'-:sunmd to be hmﬂror than the emt

portmns b (amally mamured)
In Figs. 2~ and- 2% only the emt Ond of the nnzyle 18 80

-farmed that a portion.p of the- ﬁlde walls between the
. ad]acent nozzlpﬁ form: mmb Jike: t(,eth with the supple-

| mentary pa,r{; A7 with thh they are integral. |
" In Fig. 3*the:whole of the side walls areformed mte-'_"

oral with the fixed rim A ﬁ:nd in Fig. 3° with the part A7,

liké projections. from the fixed rim A and in Fig. 4

- they are formed. o the supplc,mentmy part A’.

50

nnzﬂes bcmcr ‘-'5111'111‘11 to t]mt *-.ahuwn 111 Flg 2"’ whu‘e A7

~In the example of construction shown'in Tig. 1, asin

;other eéxamples, the: ‘supplementary ring A’ contains
-steam channels B ‘W]ll(?h form "together with the chan-.
| nels. F of the fixed rim' A. mounted on the casing cover
. B the steamn chzmnels (nozzles)

. The ring A’ contain-
ing. the exit portions of the channels is provlded with a

rackor equwalent device 53 operated by-a pinion or the

like 54 moved by a qpmdle 55, the:construction of the

| _.SII(I(‘S on A.

55

© 60

In Fig. 2 the noz,zles for- Lho steam of the first stage
of expansmn are shown each nozzle, being provided
‘with a valve seat. or nipple 86, EETEWLd or otherwise
fitted 1111;0 the entrance portion I? of- thie nozzle and a |
valve V séating on or 1in the seat, whereby any one of
" these nozzles can be cut off 111dn:,pendont1y of the oth-

érs and - still a mmultfmouus control of the remqmmg

nozzles be mqmtfuned by mmns Gf the Sllfl&blL sup-—'
'plementary part A’ ) |

In Tig. 3 a like air angemen’r ﬁmlttmg the independ-
“ent valves V, for 1]11, NOZ%1 08 of th(, subsequent pres-

65 sure stafre 18 sht:rwn

| :steam “turbine. |
inclosed: lJy the stationary rim mounted on the casing:

the other part or parts A’ AZis-or are fitted theroto, '.; :
“whether the nozzle be a two or ﬂueg-‘pmt nozzle *‘uul
- Whether this ﬁtized part he fixed or inovable.

In ma]«..mg the nozzle crown in two parts there mw':_ |
'be vatious’ furms of.surfaces: between the par ts of the
nozzle-erown, the line of juncture hitween the parts A
'and A’ thorenf l)mnn‘ indicated by the hofwy lmﬂ L,

Llonary:
ring segment A’ puwuled with a worm rack engaged

The structures of Figs. 2 and 3 are shown embodied
in the turbine, Fig. 4, where A is the fixed stationary

‘part of the nozzle 01 own and A’ is-the removable part
.that’may or may not. be movable.
'supplementmy part A’ of thL nozzle crown .is shown
‘as held.iii place by set screws 8, Fig. 4, illustrates the
arrangement corresponding to Fig. 1 in a radia) flow

The removable

Iere the supplmnentmy ring A7 is

cover B, |
In. Fig. 6 I have shown an ¢lev mfm of one of the in-

termediate partitions C which qvpnmtﬁ the chambers
50, 51 and 92 from one annthm said partition having

two groups D of channels I at dmnvlm ally opposite
places of the crown A, the latter being fixed and sta-
" Tor cacly group is arranged a supplementary

hy a worm GG mounted in the casing O..
Kach ring wfrm(nt A7 has for about half its length a

group D’ of channels B f*qupnmhn" to the channels

I" in the ﬁu drim A. By turning the ring segment. A/
the channels I* in the rim A may be covered by the

“cut-off face of the webs separating the channels of the

rmg segment A’ in a_lareer or smaller number, or all if

‘desired., The two ring pieces A7 may also be connected

with ong .;1110111@1 in order 1o only render necessary one

device for turning them. |

As showh in the example in Fig. 7 uﬂh al b’lll{‘l]}]t‘.‘-
form of the steam channels a regulation may alse ho
‘obtained, if ‘the cut-off faces of the webs 58 between
| the ch‘mllolq E of the one group in the segment AZ are
allowed to cover more or less the channels of the other
group in the fixed rim A. The proportion of the inlet
and outlet apertures nmy here easily be altered and

therewith the expansion of the steam in the nozzles.

This' is of great value, when the turbines work with .

only small power and When it 18 desired to fully utilize
the boiler pressire. If on the other hand for a certain
time a higher bmler pressure is avallable for certain

| -work the gwen drop of pressure may be fully: utilized.
{  If it be desired to be able to completely: close 4the
steam-channels or nozzles, as shown in Fig. 8 the webs -

59 separating the channels B of the ring segment A’

‘must correspondingly be made broader.

In Fig. 91 have. shown a partition C'provided in ity
crown or fixed rim’ A’ with thiee groups D of entrance
chantels F and in’ Tig. 10.a compléte ring A7 that co-

'_Operates therewith’ and contains the exit portions If
.of the steam channels arranged in corresponding groups
-and cach group composed of tliree sets D’, D* and 1),
each set. of a group havmg a different form of exit chan- |

nels.” These channels.may be of different form and

dimension insuch a way that according as one or other

of the sets D/ D? or D3 are brought into-action, an alter-

ation of the number of revolutions, or the drop of steam

pressure or the power exerted is rendered possible.

Tn Fig. 11 the’ part A7 which is separated from A in

the manner shown by the junction line ¢ £ in Tfig. 2

and in Fig. 12, the part. A is separated from A in the

mannoer slmwn l)y the junction line { ¢ in Jfg. 4b.
Each of the parts A7 in these two figures is provided
with a worm rack I operated hy a worm (i and is held
firmly on its seat at the fixed rim A l}y set screws S after
it has been set by the worm G.

In Figs. 11", 11* and 11° I have shown an auxiliary
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ring z whlch is prcfcl ably constructed of better mate-

- rial and fcrms the wearing surface of the movable part

A’ containing the exit portion of the steam channels, |

In Fig. 13, the two parts A and A’ are. shcwn held
tcﬂ'cthcr by means of rivets 60. In this case as alsc

in Flgs 3*.and 3° when the division bctwccn the parts

A A7 is only longltudmally of the nozzles a rcgulatlcn

- of the steam is mot possible, but the scctmns of the

10

15

| tary nozzle crown parts A’ and A? the one A/ at.the

25

30

nozzle crown can be made in segmental plccca therc-
by faclhta,tmg their manufacture,- L

. Witha 3u1tab1c radial division of the rcmcvablc parts |
‘of the crown these ¢an rcadl,ly be-removed. after first

takmg off the upper. half of the turblnc case and can

be replaced by parts having like or dlffcrcntly shaped

steam passages as desiréd. W1thcut removing the tul:-"
'bmc wheels 50, 51, ete., Fig. 4. :

In Figs: 14 and 15 therc are shcwn two supplcmcn-

rear or exit side of the ctatlcnary partltlcn C-and the

other A? at the entrancesside thereof; both being ad-.
* justable by worms G and G/ and hcld in place by set-
-+ screws 8. In Fig. 15 the ring or partial ring A* has

such posltlcn as to close the nozzle D" while the nozzles
~ D? D® are-open.  When a lesser number of nozzles are
to be used by means of the ring A? they may be cut off

in succession from the set, thereby preventing. the in-

| crcach stcam friction, lcss due to eddies and thc hkc

It may be stated, ﬂmt two parts A7 A% scrvmn' as

slides are prcfcmblc for onc ‘or other stage of presstire
of an unpact steam turbine inasmuch as the turning of

. both does not always mcrcly cause a diminution or en-

35

40

“largement of the steam’ passage, but also a displacement
- of the steam course in a t:a.ngcntlal direction by the

“steam talxmg 1ts shcrtest course frcm thc nczzlcs cf a

pressure stage.

- In I‘1gs 16, 17 and 178 I have shown a supplcmcn—- |
-tary ring piece.A’ for the nozzles supplying the first
_turbine wheel in an axial turbine, this segment bemg_

provided with a slot 61 in which takes the crank pin K
on the end of a spindle M whose squared outer end L/

“carries an indicator hand Z movable with relation to a
fixed scale W, whereby the degree of closufe or the de-
grec of movement of the exit portion of the nozzlcs In |
the ring piece A’ can be indicated and by means of |-

which all the nozzles can be quickly adjusted. Valves

V similar to those in Fig. 2 are also prowdcd fcr thc cn-g._ '-

hancc portion -of the nozzles.

=22 Asthering plecc AY only requires. to describe a chcrt

B0

course to cﬁcct the rcgulatlcn this may preferably take
place by mcans of a governor which on the’ turbine

. running’ a,wa,y rapidly causes the ring piece A7 to close.

DO

In Figs. 19 and 20 showing sections respectively in a
tangentml and radial direction thmugh a -nozzle the

exit portions b of the side' walls diverge in the direction’ |
_of movement of the steam, while the inner and outer

o ) wall of the nozzle converge (Fig. 20), in Fig. 21 the lat-

60

ter walls are parallel and in'Fig. 22 thcy also’ dwcrgc :
In such an_arrangement the steam jets from several |
) r1,t:1]c|,cc1t11; n-c?zlcs to which" varmng fcrms may be gwcn.
may combine into 4 common steam Jet.
- portion b. (Figs. 19 and 20) of the nozzles.the steam jet.
-~ becomes in' , dial direction (Fig. 20) narrower in tan- | :

gentml direc: on (Fig. 19) broader, so the steam jets

- encounter oune ancthcr and cbtam st111 denccr ccnd1- ’

65 ton. . e

At the exit |-

The side walls of the nozzles do not require to be uni-

form at the exit portion, but may, for instance have a

parabolic form as shown in Tig. 18.
In Figs. 23, 24 and 25 I have shown

the threaded stems s/ of the valves s, each hand wheel
nut s’ bearmg on a gland s, the valvcs having thclr

-seats on the front of the supplcmcntmy part A/,

In Figs. 26, 27 and 28 flap valves k are shown turned

‘by handle k* on the spindle &’ passing through the gland

k3. Such arrangements are. preferably used for the
nozzles of the last stage or stages of expansion.

The ring A’ is movable with respect to A so that when
‘the valvcc are opened a regulation of the width of the

steam passages through the nozzles may take place.

In Fig. 25 there are exit portions of several nozzles
~directed at angles approaching one another, whereby

several streams may be united into one to act more

‘nearly at a single point on the turbine wheel.

The described division of the nozzle ccntammg clc-

| _mcnt affords the further advantage that a part of the -.
As fixed or
stationary part of the element is selected the one which.
s least-exposed to wear and hasleast influence upon the
“correct Jeading of the steam streams.
‘tial that the removable part may be made as already
| said of other metal than the fixed part which is desir-
able'in view of reduced wear and. the possibility- of
-rapld alteration of the ctcam channclc or nczzles of thc
'clcmcnts | S |

same may be replaced without grcat cost.

It 158 also essen-

I c1a1m —

1. In a pal allel ﬂcw tmhmc 2 nozzle eontaining element. |

concentric with the turbine axis and comprising a plmali’ry
0f ¢oncentric stationary élements dividing the nozzles into
a phurality of portions along their lcngths whereby the exit

‘and entrance ends of the nozzles will be formed in separate
pieces cccpcratmrr when asscmblcd tc fcrm complcte noz--

2 In a parallcl flow turbine ‘a nozzle containing clcmcnt

_ccmpusinﬂ' a plurality of parts concentric with the tm bine

axis, one of which parts is stationary,-said parts dividing

the nozzle lengthwise into a plurality of parts and covper-.
| ating when assembled-in juxtapomtmn to fcrm ccmp!cte -‘

nozzles.

slide viﬂvcc s
- seated in recesses on the back of part A and that arc
‘moved radially by the hand wheel nuts s acting on

3. In a parailel Aow tulbinc a composite nozzle ring
*ccmp1 ising a Il]‘lil] part ccntammg a portion of the léngth

70

75

80
85 fa
90 >

95

' .1'.0-'0_ .

105 -

110

of the nozzles and a completing ring containing the remain- = -

der of the length of the nozzles and ﬁttcd to the main part, - |
whereby each part can be separately finished and assem-‘_llf)-
~bled.in JHKtﬂpOSltan to form the complete nozzle rings. |

4. In a steam turbine, a nozzle ccntammg element com-

pllsing a statmuary part, and a movable part slldablc
thcl eon and ccntaming the exit ends of; the nozzles.
. Ina steam. turbine, a nozzle containmg element com-

pr icmg a stationary middle part, and a part on each side
"thereof, oné containing the cmt and thc cthc1 the cntcrmg

ends of the nozzles.
6. In a steam turbine, a nozzle ccntaining clcmcnt com-

1.p1 icing a middle part containing the bcdlcs of the ncwlcs,-
a part containing the exit ends of the nozzles and a

part containing the entcrmg ends .of the ncmlcs bcth cf

-the last’ namcﬂ parts slidable on the middle- part.

7. In a ‘steam’turbine, a nozzle containing element com-

. '_~prlsmg a middle stationary pari-and sliding parts in juxta-
‘position thereto, some_of said parts havlng portions of the
side. walls of the steam’ nczzlcs as ¢éomb-like projections. .
“gtationary nozzle’
1 ring in which the ncmlcc are arranged in groups, the com-
.'binatmn of a slidable ring codperating- therewith ‘and hav-
ing dne end of the nczzlec arlangeﬂ in hkc g'rcupc fhcrcm
a8 and slldable in re‘lation to the Etaticn&ry 11ng -

8.-.In'a parnllcl flow stcam turbinc, a

120

125

185

130 -
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- Lo successively close the passages in the stationary part

4k

]

9. In a steam turbine, the combination with a station-
ary nozzle part in which the nozzles are afranged in

‘groups, of an element carrying the exit-ends-of the nozzles
“arranged in- similar groups, and each group divided into
sets. .

10, In a steam turbine, the combination with a station-

ary nozzle parvt in which the .nozzles are arranged in

sroups, of a movable element having the exit ends of the

nozzles arranged in similar groups, each group divided into.

sets, each set of exit ends being different from the other
sets of the group and means to move the movable element
to-hring a set of nozzles into co’iimratiqn with the nozzle
portions in the stationary part. | |

11. Tn a.steam tyrbine, the combination with a middle
si'utinn_m-y nozzle part in which the nozzles are arranged in
groups, of a movahie element having the exit ends of the
nozzles arrvianged in similar groups-and each group ‘divided
Info sets and each set of nozzle ends diifering in form and

~direction from those in the other set or sets, a riack on the

movable part and a worm to operate s';lid part In relation

- {o the stationary part.

12. A nozzle containing element ‘comprising a plurality
of parts, one of whiclh is stationary, the division DLetween
the parts heing hoth longitudinally of and transversely to
the nozzles, one of the parts having only portions of the
side walls of the nozzles, | .

13, In a Darallel flow steam turbine, 2 composite nozzie
containing ring comprising a stationary part containing
steam passages, a movahle ring having steam passages to
complete the nozzlas capable of registéring with.those in
the stationary part and means to move the movable ring

the two parts ar ‘anged side by side to form the complete

paraliel flow nozzle. ~ ..

14." A nozzle containing element comprising a stationary
and a movable part, each part containing portions of the’

-

- 867,811

steam passages and ﬂn‘independent valve for each stenm
passage. -

15. In a parallel flow turbine, a composite nozzle having
4 main portion contalning the entrance ends, the Dody
portions and a part of the exit ends of the nozzles and a
cooperating part to complete the formation of the nozzloes

~at their exit ends.

16. In a steam turbhine, the combination with the cesing.
a stationary element containing a portion of each steam
passage, of a removable element containing also a portion
of the steam passages and seated thereon, and set scerews
passing through the easing and engaging the removable
¢lement, _ _ .

17. In a steam turbine, the combination witl: the casing,
of a nozzle crown for the first stage of expansion compo<oed
of two parts, one of which has side wills of thie nozzles
formed comb-like thereon and independent valves {o ¢imn-
trol each nozzle entrance, | | .

18. In a steam turbine, the combination with a1 casine.
of a nozzle erown for the first stage of expansion having: n
fixed and a removable part, bhoth parts containing portjons

. 0f the steam passages, an independent valve to control

the passage of steam to each nozzle, 2 nozzle containomnyg
element for intermediate stages of expansion comprising
a stationary part and a slidable part, one of the Iast
named parts having the side walls of the nozzles formed of
coml-like projections thereon and ineclined sot SOTCWS
through the turbine casing to hold the sliding part on the
stationary part.

In testimony that I claim the forezoing as my invention,
I have signed my name in presence of two subscribing vit-
nesses. | a
| RIJITARD SCHULZ.

Witnesses : |

" JOHANNES IIRIN,
HENRY HAsPER.
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