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To all whom ¿t may concern: 
Be it known that I, OSCAR JUNGGREN, a 

citizen of the United States, residing at 
Schenectady, in the county of Schenectady, 
State of New York, have invented certain 
new and useful Improvements in Elastic 
Fluid Turbines, of which-the following is a 
specification. 
The present invention relates to elastic 

fluid turbines of the type in which the casing 
is divided into a number of stages by nozzles 
_containing diaphragms which surround the 
shaft and are supported _in the casing wall, 
there being a suitable packing between the 
bore of the diaphragm and the shaft to pre 
vent leakage. ' 
In starting up and during operation a tur 

bine is subjected to considerable variations 
in temperature, the variations occurring dur 
ing operation being due to changes in load 
and variations in the vacuum as is well 
understood. Also rubbing may sometimes 
occur between the moving and stationary 
parts which may be the cause of considerable 
heat being generated. As a result of the 
foregoing the turbine parts are subjected to‘ 
unequal heating which causes unequal ex 
pansions, and in the case of the diaphragms 
and casing, the difference in expansion of a 
diaphragm and the casing may be consider» 
able so that'with the diaphragms connected 
rigidly to the casing stresses of substantial 
magnitude may be set up in a diaphragm or 
on the casing which may result in the one 
case in buckling of the diaphragm and in the 
other in cracking of the casing. 
In general the packing between the bore 

of a diaphragm and the shaft is of the laby~ 
rinth typen and the clearances are close to 
cut leakage to a minimum. As a result, with 
structures heretofore in use disturbances in 
the turbine during operation sometimes` 
cause contact between the packing and the 
shaft. As soon as suoli contact takes place 
heat is generated and as this heating is 
never uniform it may result in a sprung 
shaft. 
The object of the present invention is to 

provide an improved turbine structure 
wherein the nozzle diaphragms are so con 
nected to the casing that they may expand 
and contract without> setting up undue 
stresses either in themselves or in the casing 
and wherein the packing between the dia 
phragm and shaft is so arranged that 

directV rubbing with the shaft cannot occur, 
that the likelihood of any rubbing occurring 
is remote, and that if rubbing should occur, 
the heat generated will not be transmitted to 
the shaft to an appreciable extent. 
For a consideration of what I believe to be 

novel and my invention, attention is directed 
to the accompanying description and the 
claims appended thereto. ' 
In the drawing, Figure l is a radial sec~ 

tional View of apart of a turbine embodying 
my invention, the section being taken on the 
horizontal diameter where the casing and 
diaphragms are split so that in the View one 
is looking down on the lower half of the 
casing and diaphragms. Fig. 2 is a section 
taken on line 2-2 of Fig. l and Figs. 3, 4l, 
5 and 6 are views showing modification. 
Referring to the drawing, 5 indicates a 

turbine shaft on which are mounted the 
rotor elements or wheels 6 having blades or 
buckets 6a, and 7 indicates the diaphragms 
which divide the turbine casing 8 into stages 
in the well understood manner, there being 
a difference of steam pressure between the 
stages or compartments thus formed. In the 
diaphragm are passages 7%, commonly called 
nozzles through which the' fluid passes from 
one _stage to the wheel buckets in the next 
lower stage and in so doing, has its pressure 
decreased and its velocity increased. 
In Fig. 1 of the drawing only a fragment 

of the annular casing 8 is shown and only 
one diaphragm but it will be understood that 
there may be any suitable number of dia 
phragms in the complete machine. The cas 
ing is split in an axial plane as shown in 
Fig. 2.' 
Now, according to my invention, I sup 

port or fasten the diaphragms in the tur 
bine casing by means of cylindrical members 
or rings 9 which while serving to center and 
to firmly hold the diaphragms in position 
will permit them to expand and contract in 
dependently of the casing by an amount 
sufficient to avoid undue stresses being set 
up either in the diaphragm or in the cas 
ing. To permit the parts to be readily 
assembled the ring 9 is preferably made in 
two parts, the plane of division correspond 
ing to that of the main casing. 
The cylindrical membersor rings 9 thus 

form yielding 'connections between the dia 
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phrag'ms and the turbine casing. The ringsl „ 
9 may be kflat as shown in the drawing or 110 



’ aving one edge connecte 

they may be conical as is obvious. In the 
resent instance each rin 9 is shown as 

fi ' gl to an annular 
projection 10 on the4 diaphragm and the 
other edge tov an annular projection 11 ~on 
the casing, the ring being concentric with 
`the diaphragm, and this is the arrangement 

. I prefer because it permits of a ring suffi 
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15 

ciently Wide being used Without increasing 
the len h of the turbine'or the distance be 
tween iaphragms. In other words, I_ ar 
range each diaphragm and its _ring in tele 
scopic relation. The connections betweeln 
ring 9 and projections 10 and 11 are prefer 
ably made y providing grooves 12 and 13 

' in which the edges of the ring are held. 
This is a very advantageous arrangement in 
that it is extremely simple and avoids the 

 use of special fastening means. To facili-ï 
tate assembling the rings 9 may be firmly 

, fixed in grooves 12 but fit loosely into 
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grooves 13 making a tight fit only Aat the 
bottoms of such grooves. The >sides lof 
grooves 12 and 13 may be made slopingas 
shown to'prevent cramping of the ring. In 
assembling the turbine, rings 9 first have 
one edge fixed into grooves 12 thereby fas 
tening the >rin .to the diaphragms. The 
other edges o the rings 9 may'then be 
slipped into grooves 13. To accomplish th1s 
the space between projections 11 may be 
made great enough as shown so the-dia 
phragms with the rings attached can >be 
passed between them and then moved ax 
ially- to bring the edges of the rings into. 
grooves 13, or the upper and lower 'halves 
of the diaphragms may be inserted into the ' 
respective halves of theV casing by a circum 
ferential movement, with the edges of the 
rings 9 in grooves 13. To hold the dla 
phragms in position with the edges of the 
rings firmly against the bottoms of grooves 
13 when the supply of steam is cut off, l` 
provide suitable keys 15, which are located 
between projections 11 and the admission 
sides of the diaphragms. The keys 15 may 
be driven into slots in projections 10 and 
engage the -surface ofprojections 11 so as 
not to interfere with movements of the dia 
phragm relatively to the casing. And pref 
erably the keys in the upper and lower 
halves of the turbine are offset with respect 
to each other so as not to come one directly 
under the other. By this arrangement the 
keys in each half diaphragm are prevented 
from working loose by the companion half 
diaphragm¿_ To prevent the diaphragme 

j from turning circumferentially I provide 
suitable keys as indicated at 16 which en 
gage the casing and the diaphragm, and to 
,prevent such keys .from«interfering with ra 
dial movements of the diaphragms relatively 
to the casing the key slots in the diaphragms 
ma be made to extend slightly beyond the 
en of the key. As is obvious any suitable 

tate’ assembling, and the rings 9 are accord 
'ingly spl1t 1n a similar manner. However, - 
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number and arrangement of keys to accom 
plish the purposes _desired may. be used. 
The direction of flow of elastic fiuid is _ 

from left to right in Fig.' 1 and with the 
arrangement shown, rings 9 serve as com 
pression ringsl y) take the end thrust of the 
diaphragms occasioned by the difference in 
pressure which vexists on opposite sides 
thereof. As a result the pressures on the 
diaphra ms are such as to always force the 
edges o rin s 9_ into the grooves in which 
they are held. The rings 9 center the dia 
phragms and hold them in spaced relation .' 
to the turbine casin . They also serve to 
prevent leaka e of e astic. fluid around the 
peripheries o the diaphragms from one 
stage to the next... Thislatterl has an im 
portant consideration for with the periph-  
eries of the diaphraäms spaced. from the ‘ 

85 casing wall it is Very- esirable that all-leak 
age around suchìperipheries be prevented. 
As shown in ig. 2, thecasing and dia 

phragms are splithorizontally onthe axis 
of the shaft, this .being customary to -facili 

such rings may be made solid or have their 
adjacent ends suitably fastened together if 
found desirable. ' 
Referring now to the arrangement of the 

packing between the bore of the diaphragm 
and the shaft, 20 is a sleeve which fits loosely 
around the shaft 5 and is centered bya cylin 
drical member or ring 21 one end of which\ 
is fastened to sleeve 20 and the others/to the 100 
hub of a wheel 6, which in effect is th’e same 
as though it is fastened to the shaftbecause 
it rotates therewith. The arrangement of 
the connections may be similar to that de 
scribed above in connection with ring 9. 
Ring 21 holds sleeve 20 firmly against the ad 
jacent wheel v6 and to give the sleeve some 
axial flexibility so ad'acent wheels may ex' 
pand axially~ along t e, shaft a c lindrical 
groove 22 is cut out therein. >The ottom of 
the groove should be below the inner wall of 
the sleeve 23 so as to permit the parts to 
freely expand without causing undue stresses. v 
Projecting axially from sleeve 2O is a tubular 
member'or flange which forms a cylindrical 
packing member 23 and surrounding this is 
a cylindrical packing member 24 which is 
supported and centered by a cylindrical ` 
member or ring 25 similar to ring A21. Ring 
25 has one end fixed to a projection 26 on dia 
phragm 7 and the other end fixed to a flange 
27 on packing member 24. Ring 25 and - 
flange 27 are located in an annular recess 
formed between projection 26 and a second 
projection 28 on the diaphragm, and between 
projectionv28 and flange 27 are suitable keys 
29 arranged similar to keys 15 referred to 
above and> performinor the same function. 
Between packing members 23 and 24 are ar 
ranged teethA 30 to form a labyrinthy or cellu- 130 
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lar packing.- In the present instance teeth 
30 are shown as being carried by member 24 
but any suitable arrangementmay be used. 
As stated above the turbine casing is split 

horizontall and also the diaphragm and 
rings 9 an in order to facilitate assembling 
and disassembling I also preferably split the 
rings 25 and packing members 24 horizon 
tally as this permits the respective halves 
of the casing and diaphragm to be assembled 
complete independently of each other. The 
sleeves- 20 and rings 21„however, are made 
solid and are assembled by slipping them 
over the shaft. 
The packing members 23 and 24 are of sub 

stantially the same mass and with the fore 
going arrangement it will be clear that they 
will expand and contract together and with 
substantially the same rapidity so there is 
little likelihood that rubbing will occur. 
Should rubbing occur however, the heat gen 
erated will not be transmitted to the shaft 
to any great extent because sleeve 20 fits the 
shaft loosely and has a comparatively short 
length as regards the space between wheels. 
Sleeve 20 and ring 21 also serve as a barrier 
to protect the shaft from sudden changes in 
temperature which during operation occur in 
the various stages of the machine and as a 
result the temperature of the shaft will re 
main more uniform and will not be subjected 
to sudden wide fluctuations in temperature. 
Owing to the shape of cylindrical mem 

bers or rings 9, 21 and 25 they are very strong 
and even when made as thin as practical from . 
a manufacturing standpoint, they are still 
able to take care of many times the load to 

. which they are subjected. As a result even 
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though a very considerable amount of cor 
rosion should take. place in them, they will 
still be amply strong to perform their duties. 

Cylindrical members or rings 9, 21 and 25 
form in substance yielding supporting con 
nections between the parts which they con» 
neet and in Figs. 3, 4, 5 and 6 are shown a 
number of modified forms which such rings 
may take. For purposes of illustration such 
modifications are shown in these four figures 
as connecting a diaphragm to the casing but 
it will be understood they are applicable to 
other places. In Figs. 3, 4, 5 and 6 corre' 
sponding parts are indicated by the same 
numerals as are used in connection with Figs. 
1 and 2 except that exponents a, b, c and d 
respectively are added. _ 

_In F'g. 3 cylindrical member or ring 98L 
is shown as being fastened to projection 10a 
by a calking strip 32. Otherwise the ar 
ran ement is the same as that of Figs- 1 and 
2." n Fig. 4 the arrangement is the same as 
that" already described except that the ringl 
9b is f_oigg'nedçA integral with -one of the two 
members lwhich it connects, in the present 
instaneeÍ-with the diaphragm. In Fig. 5 
_ring 9ç is shown aS being provided With a 

8 

fiange 33 which makes it L-shaped in cross 
section. Flange 33 rests on projection 11c 
while the other end of ring 9c rests in a 
groove 12C. In Fig. 6 ring 9d has flanges 
34 and 35 at its opposite ends making/ it Z 
shaped in cross section. Flange 34 rests'on 
projection l1d and flange 35 rests on projec 
tion 1()d and has its edge entering in a 
groove 36 cut in the periphery of dia 
phragm 7 d. 
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 embodiment thereof; but 
I desire to have it understood that the ap 
paratus shown is only illustrative, and that 
the invention can be carried out by other 
means. ~ 

What I claimas new and desire to se 
cure by Letters Patent of the United States, 
1s: 

1. In an elastic fluid turbine, the combi 
nation of a casing, a nozzle diaphragm 
which divides the casing into stages, said 
diaphragm being mounted in spaced rela 
tion to the inner wall of said casing, and 
a ring which connects the diaphragm to the 
casing and forms a yielding connection for 
holding the diaphragm in spaced relation 
thereto whereby it may expand and contract 
relatively to and independently of the cas 
ing. ' 

2. In an elastic fluid turbine, the combina» 
vtion of a casing, a nozzle‘diaphragm which 
divides 4the casing into stages, said dia 
phragm being mounted in spaced relation to 
the inner wall of the said casing, and a 
ring which surrounds the diaphragm and 
connects it to the casing, said ring forming 
a yielding connection for holding the dia 
phragm 1n spaced relation to the casing 
whereby the diaphragm and casing ‘may ex 
pand and contract relatively to each other. 

3. In an elastic fluid turbine, a casing, 
diaphragms which divide the casing into 
stages, and rings which connect the dia 
phragms to the casing, and serve to sup 
port them therein and permit the dia 
phragms and the casing to expand and con 
tract relatively to eachv other, said rings be 
ing so arranged that the pressures on the dia 
phragms put them under compression, and 
said rings also _serving to prevent leakage 
between the peripheries of the diaphragms 
and the casing. ' 

4. In an elastic fluid turbine, a casing, a 
diaphragm which divides the casing into 
stages and is mounted in spaced relation to 
the inner wall of the casing, and a cylindri 
cal ring having one edge connected to the 
diaphragm and the other to the casing, said 
ring forming a yieldin .supporting con- 
nection between the diap ram and the cas 
ing which positions the diaphragm but per 
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Amits the diaphragm and casing to_expend 
and contract relatively to each other. 

. 5. In an elastic fluid turbine, a casing, a 
diaphragm ’which ldivides the casin into 
stages and is mounted in spaced relation t_o 
the inner wall of the casing, and a_cyl1ndr1_ 
cal ring which surrounds the dla hra 1n 
and has one edge connected to__t e dia 
phragm and the other to _the casing, said 
~ring forming a yielding supportin connec- ‘ 
tion between the diaphragm and t e casing 
which positions the diaphragm but permits 
the diaphragm and casing to expand and 
contract relatively to each other. " 

15 \ 6. In an elastic fluid turbine, a casing, 
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diaphragms which divide the casing into 
stages, and cylindrical rings which sur 
round the diaphragms and yleldlngly sup 
port them in the casing, said rings servlng 
to support the diaphra s- in spaced rela~ 
tion to the> casing and ormin connections 
between the dìaphragms an the ‘_casing 
which prevent leakage of elastic:` fiuid and 
permit the dìaphragms and caslng to ex 
pand relatively to each other. _ - - 

7. In an elastic fluid turbine, a casing, a 
diaphragm in the casing, the peripheral 
edge of said diaphragm being spaced from 
the inner wall of the casin , and a ring 
which yieldingly connects t e diaphragm 
to the casing and supports'it in spaced re 
lation thereto whereby said diaphra and 
casing may-expand and contract re atively 
to each other. y _ _ _ ' 

8. In an elastic fluid turbine, the combi 
nation of an annular casing having an in~ 
ternal supporting member, a nozzle contain 
ing diaphragm which divides the interior 
of the casing into wheel, compartments in 
which a difference of pressure exists, there 
being a radial clearance between the periph 
ery of." the' diaphragm and the inner wall 
of the casing, and an annular member which 
is relatively thin in cross-section, is seated in 
the> diaphragm at one extremity, and in said 
member at the other extremity and is held 
under compression by the action of the fluid 

. in the casing, whereby the diaphragm and 
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casingma expand and contract with tem 
perature c anges at different rates without 
setting up> stresses in the diaphragm or 
casin . v ' 

9., n an elastic fiuid turbine, the combi-_ 
nation of an annular casing'having an in- 
ternal supporting member, a nozzle con 
taining ,diaphragm which divides the in-v 
terior ofthe casing into wheel compartments 
in. which a difference of pressure exists, 
there being a radial clearance between the 
periphery of the diaphragm and the inner 
wall of the casing, and an annular member 
which is relatively thin in cross-section and 
is arranged in telescopic relation with re 
spect to the diaphragm, said member re 
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ceiving the load on 4the. diaphragm at one 
end and transmitting it to said internal sup 
port at the other,>said member also serving 
to permit the diaphragm and casin to ex 
pand and contract relatively to eac other 
without setting up excessive stresses. 

10. In all elastic fluid turbine the combi- ' 
nation of an annular casing, a\nozzle con 
taining diaphragm located withirrthe casing 
which is smaller in diameter than the in 
terior of the casing, and a cylindrical mem 
ber which is connected at one extremity to 
the casing member permitting the casing 
and diaphragm to expand and contract un 
equally and preventing the effects of said ’ 
expansions and contractions from being 
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_transmitted from one to the other, said mem- ' 
bers also coöperating with the diaphragm 
to divide the casing into compartments in 
which a difference of fluid pressure exists. 

11. In an elastic fluid turbine, a casino, 
a shaft,a diaphragm having a. bore throug 
which the shaft passes, a yielding connec 
tion betweenthe diaphragm and casing, and 

' a packing member surrounding the shaft 
and yieldingly connected to the diaphra qm. 

12. In an elastic fluid turbine,'a casi , 
a shaft, a diaphragm having a bore througî 
which the shaft <passes, a yielding connec 
tion between the iaphragm and casing, and 
a packin member which surrounds the 
shaft an is ieldingly connected thereto. 

13. In an e astic fluid turbine, a casing, 
1 a shaft, a diaphragm having a bore through 
which the shaft passes, a yielding connec 
tion between the diaphragm and casing, and 
packing members. which surround the shaft 
and are yieldingly connected to the dia- 
phragm and the shaft. 

14. In an elastic Huid turbine, a casin , 
a shaft, a diaphragm having a bore throng 
which the shaft passes, a yielding connec 
tion between the diaphragm and casing, and 
packing members which surround the >shaft 
and are'yieldingly connected tothe dia 
phragm and the s aft, said- packing mem 
ers having substantially the same mass. 
15. In an elastic fiuid turbine, a casin , 

a shaft, a diaphragm having a bore throug 
which the shaft passes, a yielding connec 
_tion between the diaphragm and casing, al 
packing member which surrounds the shaft 
within the bore of the diaphragm and is 
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yieldingly connected to the shaft, a second 
packing member which surrounds the first 
named packing member, and a ring yield 
ingly connecting it to the diaphragm. 

16. In an elastic fluid turbine, a casin , 
a shaft, a diaphragm having a bore throng 
which the shaft passes, a yielding connec 
tion ̀ between the diaphragm and casing, 
concentric packing members which surround 
the shaft within' the bore of the diaphragm, 
and cylindrical members which connect said 
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4packing members to the diaphragm and 
Shaft. 

17. In an elastic fluid turbine, a casing, 
a shaft, a diaphragm having a bore through 
which the lshaft passes, a yielding connec 
tion between the diaphragm and casing, con 
centric packing members which surround 
the sha-ft within the bore of the diaphragm, 
and cylindrical members which yieldin ly 
connect the packing members to the iaf 
phragm and shaft., said packing members 
being of substantially the same mass. 

18. In an elastic fluid turbine, a casing, 
a shaft, a diaphragm having a bore through 
which the shaft passes, and a diaphragm 
packing comprising a packing member 
yieldingly connected to the diaphragm. 

19. In an elastic fluid turbine, a casin , 
a shaft, a'diaphragm having a bore throng 
which the shaft passes, and a diaphragm 
packing comprising a packing member 
yieldingly connected to the shaft. ' 

20. In an elastic fluid' turbine, a casing, 
a shaft, a diaphragm having a bore through 
which the shaft passes, and a diaphragm 
packing comprising two packing members, 
one o_f which is yieldingly connected to the 
shaft and the other yieldingly connected to 
the diaphragm.  

21. In an elastic fluid turbine, a casing, 
a shaft, a diaphragm having a bore through 
which the shaft passes, and a diaphragm 
packing comprising a packing member and 
a ring which yieldingly connects it to the, 
diaphragm. 

22. In an elastic fluid turbine, a' casing,l 
a shaft, a diaphragm having a bore‘through 
which the _shaft passes, and a diaphragm 
packing comprising a packing member and 
a ring which yieldingly connects it to the 
shaft. i 

23. In an elastic fluid turbine, a casing, a 
shaft, a diaphragm having a bore through 
which the shaft passes, a 4diaphragm pack 
ing comprising two packing members, and 

. cylindrical members which yieldingly con 

55 

nect one of said -packing members to the v 
shaft and the other to the diaphragm. 

24. In an elastic fluid turbine, a casing, a_ 
shaft, a diaphragm having a bore through 
'which the shaft passes, a cylindrical member 
which yieldingly connects the diaphragm to 
the casing, 
cated in the bore of the diaphragm, and cy 
lindrical members which yieldingly connect 

concentric packing members lo- l 

said packing members to the diaphragm and 
shaft. . _ - 

25. In an elastic fluid turbine, a casing, a 
shaft, a dia hragm having a bore through 
which the sliaft passes, a diaphragm pack 
ing comprising two packing members and 
cylindrical members which yieldingly con 
nect one of said members to the shaft and 
the other to the diaphragm, said packing 
members being of 'substantially the same 
mass. 

26. In an elastic fluid turbine, a casing, a 
shaft, a diaphragm having a bore through 
which the shaft passes, wheels on the shaft 
on each side of the diaphragm, a cylindrical 
packing member which is located between 
the wheels and loosely surrounds the shaft, 
a ring which supports the member and per 
mits it to freely expand and contract, said 
member and ring serving to protect the shaft 
from sudden changes ofk temperature, a sec 
ond cylindrical packing member surround 
ing the first, a ring which supports the sec 
ond member on the diaphragm and permits 
it to freely expand and contract, and cellu 
lar packing means located between the mem 
bers and carried by one of them. 

27. In an elastic fluid turbine, a casing 
having an annular projection, a diaphragm 
having an annular projection, and means for 
yieldingly connecting 'the diaphragm and 
casing comprisin a cylindrical member 
which surrounds t e diaphragm and has its 
two ends engaging said projections. 

28. In an elastic fluid turbine, a casing 
having an annularprojection, a diaphragm 
having an annular projection, and means for 
yieldingly connecting the diaphragm and 
casing comprising a cylindrical member 
which surrounds the diaphragm, saidcylin-A 
drical member being fixed to one of said pro 
jections and detachablyengaging the other. 

29. In an elastic iiuid turbine, a casing 
having an annular projection, a diaphragm 
having an annular projection, and means? 
>`for yieldingly- connecting the _diaphragm 
and casing comprising a cylindrical memberk 
which surrounds the ‘diaphragm said cylin 
drical member being formed integral with 
one of said projections and detachably en 
gaging the other. 
 In witness whereof, I have hereunto set 
'my handthis 8th day of January, 1919. 

‘ osoaa JUNGGREN. 
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