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To all whom it may concern. 
Be it known that I, JoE IN F. METTEN, a 

citizen of the United States, residing at 
Philadelphia, in the county of Philadelphia 
and State of Pennsylvania, have invented 
certain new and useful Improvements in 
Nozzle Constructions for Elastic-Fluid Tur 
bines, of which the following is a specifica 
tion. 
The principal object of my invention is 

to provide a new and improved construction 
for the nozzles of steam or other elastic fluid 
turbines. Another object of my invention 
is to provide a nozzle that can be manufac 
tured by machine processes alone, insuring 
great accuracy and eliminating all possi 
bility of breakage in service. 
The construction is specially adaptable 

to nozzles of the initial ahead stage or re 
verse stages of marine turbines where the 
ressure drop and expansion ratio is fairly 
arge. The usual construction for such noz 
zles is to cut the passages from solid or par 
tially cored castings or to cast plates of 
proper shape into the material forming part 
of the nozzle. With a pure cast nozzle the 
partitions dividing adjacent channels are 
subject to breakage due to initial casting 
strains. With the cast-in plate type the sur. 
faces of passages are difficult to finish prop 
erly and accurately, and there is also the 
possibility of breakage due to defective cast ing-in of the plates, 
In the present invention the nozzle is as 

sembled from wholly machined parts, being 
free of all inherent casting troubles, and can 
be fastened as a unit to turbine casing or 
diaphragm in any pryd ae. 
The invention can best be described in con 

nection with the accompanying drawings, of 
which 

Figure 1 is a section of the nozzle taken 
on line 1-1 in Fig. 3 but looking in the di 
rection of the arrows, showing the contain 
ing rings in section; - 

ig. 2 is an elevation of the nozzle looking 
from the exhaust side; 

Fig. 3 is a developed circumferential sec 
tion of nozzle taken on pitch line 3-3 in 
Figs. 1 and 2; 

ig. 4 is a view of one of the blades seen edgewise; 
ig. 5 is a side view of one of the blades. 

Fig. 1 is drawn on the assumption that all 
points depicted therein have been carried 

along respective circumferences having a 
common axis So as to bring such points into the plane of the drawing. 
The nozzle is made up from an outer cir 

cumferential ring 1, either solid or segunen 
tal, and an inner circumferential ring 2, 
eltlier solid or segli ental, and a number of 
machined plates 3. The rings have langes 
4 at d5, and holes 6 and 7 for receiving loits 
for fastening the nozzle to the turbine cas 
ing or diaphragm. The inside stir faces 8 
and 9 are so generated that their interisatist 
with the front sides 3 of lites, si i is a pre 
scribed angle, for straight ini's slit. 
are milled obliquely ti, a unife, in depi}; it to 
the generated strfaces said :) for receiving 
the plates 3. To get 'i'ite he cois eit 'i' s r. 
faces 8 and 9 as des: rilet allove, a tool of a 
width equal to the radiiti distance between 
the two surfaces is fed on the saune angle as 
prescribed for the blade carrying slots. 
Outside circumferential grooves i and 12 
partially intersect the iner slots (, permit 
ting the edges of plates 3 to project through 
at these places. These extended trious 13 
and ti are riveied over when in race thus 
fastening all the parts fog; th{s} as: {re unit. 

Each plate 3 is identic'; ad has, tiss fri: 
as show 11 it Figs. : : i) { i i. The front ::itle 
of each is partially lite its tow: ; ; its 
exhausf end forting : Wexist sh:left th:11 
nel li, for giving the desired expansion 
ratio to tire stea in passage. This necessi 
tates a lat' if some thick sess dependent 
on the desired expansion ratio. 
The middle portion of the inlet entil 16 

is rounded on the back side to form easy 
entrance of steal). The extensions 7 and 
18 at sides are for completely filling the 
slots in the inner Stifaces and preventing 
restriction to flow of the steam at nozzle 
entrance, 
This construction nozzle ermits of the 

most suitable metals being used for the 
rings and plates as the fabrication does not 
depend on the relative neiting teiperatures 
as in a cast-in plate nozzle. I’resent prac 
tice indicates that mild steel is most suit 
able for the rings and brass composition 
for the plates as best to resist the action of 
the steam. 
The assembly of the nozzle is easy. The 

rings are clamped in their relative positions 
and the plate inserted endwise and riveted as previously described. 
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The term “ring" in my specification Ald 
t;lair us is intended to cover it ('oliet' 'jig 
o' a segi ent thereof. Ilaving thus describe y in y ('ili II, 
decla 'e (lat what I ('la it is it is at lesi'i' 
i () secure by Iletter's 'at it is:-- 

1. A sl (all 'lite (7/k' ('til risis: two 
conce it it: rigs with it set litt: 
straiglit edget challels is illel tit 'til it! 
straight eigel little's it saic ('ili III 'ls. 

2. A steal tarine nozzle 'til risii i t w 
rings spaced apart an Italy with of '4' 
oblique straight channels oriel the 'i'i in in 
straight edged lades in saici (all titl. Sail 
blades having portions bounded by straight 
lines cut a way so as to give role i' ('sign 
the (zzles fort's tercly. 

3. A steal turbile is uzzl' ('fill Irising w 
rings spaced apart all ill ty. Witt (; ; , st's 
oblique straight 'lia it's ?till ' ) is 'i 
straight edged lates in sail it: ); it is. : i: 
isite losed inozzle-loui iii: -; r. . . . . . . if 
the rings it'll ?oil k'i si t . . s. is is 
st '; iii ("lit is wit: i: . . . . . . ; ; ; ; ; ; ; ; 

!, \ steal tirie //, ' ' ) i' is is y : 
ri gs slice at it a larly with '-' 
oblite straight chain is fi'it' the 'eii. 
saic clannels being of illiot let a list 
straight edged blacles in said ('hanels. 

5. A stean tarline nozzle c : ) iising two 
rings spaced apart in : ly, 'a e 'iig lily 
ing a flange lirectet : \xi \' roll fl) ( (); (; I' 
ring in a late transve':e () { litei' ('til it 
: xis loy which flange this rig i i v e at 
tacle to a sit it:}}le sili (, rtill li: i. 
sail ri: 'gs a vir (it st'. fi : 
for the t!el'tin. It is 'it': t , ; ; ; ; it: ; 
sail ("l: it's. 

(5. A st'a is '1, 2, . . . . . . . ; ; ; ; ; ; , , , 
rings sh: " : ): " : 1: : i\ wit! ; ; ; ) is 
lolic straight 'hain it's feet i ; tr. ii. 
and straight eige lates it sci (; ; ; i.e., 
saic blades coiletely filling saici ilutels 
and laving their interediate portions it 
one ent 'olice (ver to ?i'i suitable n(z- 
zle inlets. 7. A steam tribine nozzie comprising two 
rings spa ("col upri annularly with oppose it 
oblitic straight chanies one tiere 
and straight edgel blacles iii sili chanies, 
sail blac's collapletely filiar sail cities 
it in h: Ying their inter 'iliate ( ' ) is it, 
one end planet off oblitely so as gri 

is: 

1,366,973 
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the ozzle formed therely an expanding 
'i'ss-sect it i. S. A sti'an (turbine (zzle toll rising two 
'i is satel art. iii. iliily wit}} t ) sect 
(iii, stir; it i: ) is fill i' the rei and 

it.' ' 'irc}} reti; 'It lies will their 
}) tit '.. If its in ''St.' g { bj: j ( a pol’. 
1 it is, f : lili it; it is, ; it straight, 
('is'.' I }}, it's it it; it is eig's jying ill 
s: t , it i: ; ; ; ; ) is a a vill; t) : por 
1 it is, (iv. 'i f | | | | | g it is the circlinifer 
eitial tria in its ris's d \'? to secure the 
arts get 1er. !). \ st'; I tril, it is izzie ' prising two 

(-oi if ic rigs vs. iii, eit 'tin ?erential chan 
It is 'i i : ), w if i little thanels, the 
It i : , ; ; ; ; it it is , , wit: itersect the bot 
it i: ; ; ; ; ; ; ; , , ; ; ; ; ; it's: it ferential cham 

-, i. 1; ; ;, it's sail oblique channels 
}: ; ; ; ; ; ; ; ; ) it is , , t , 'it' of rect, into the 
. . . . . . . . . . . . . . . . . . . its a lei over to se 

- I. : ; ; it i. . . . . . . . . . is zzo (or prising 
. . . . . . . . ; ; ; ; ; ; ; ; l'urly, each ring 

,, . . . . . . . . . . . i!'' a way fro:ii the 
it is 'i' a li: in tia is verse to their 
('li: ) l ; N is is which fitinge the ring may 
it: ; ; ; ' ' f ( , ; suit; ble sporting ember, 
tl is set surfa'es of the lings having 
'i it 1": it it cla: inels of liform depth 
f : . . . ; ; ; ; (ii, s: it si fices iting curved 
i? 'i it is the I'll is of Suci clannels, in 
( ; ; ; ; ; ; ; it will st; tight edged lilacies be 
} \, t , s: it rigs, the it site cities of said 

is is ; ; ; ; tely liki i: i :::::::ls but, 
iii. In it: 'i:. . . . . . . . . " . . . . . . . away 

i E 

- :: ; ; ; ; ; lying 
... . ; ; ; ; ; ; ri's fi : " : it ei- is sectin 
it is , , ; } f : ; liticii ( ; liaiti's aid E. 
''...} : ; ; ; ' ' 's it st's ire together by 
i i y : iii. \{ i i lic it is if thi: ) titles pro 
ject is finil the killie channels into said 
circiu ti'''Intial 'i: niels, 

11. A steal trbine nozzle comprising 
two rings sl: (''' apart annularly with op 

it set olii in challels foriuct therein, and 
lates : it it'i' edge porti is completely 
fil its si: it kil: ) is is all their in for negliate 
it; ; ; ; ; ; it it w; s’ s is ?o give 'oper de 
si: i , t is 47 's crief tierely. 

i: y : : . ; : " , , i. 
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