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My inventicn relates to elastic-fluid tur-
bines, more particularly to the stationary
blade or diaphragm-carrying means there-
of, and has for an object to provide ap-
paratus of the character designated disposed
within the cylinder of the turbine which
shall be free to expand within the cylin-
der while retaining its concentricity with the
rotor.

Another object is to provide a station-
ary blade-carrying ring so arranged within
the turbine cylinder that the forces result-
ant from expansion thereof slightly distort
without stretching the cylinder structure and
without. opening the cylinder joints.

Another object of my invention is to pro-
vide a blade-carrying ring of smaller diam-
eter than the cylinder to permit expansion,
and to provide packing means to prevent
leakage of elastic fluid between the ring and
the cylinder.

A further object is to provide apparatus
of the character designated circular in form
and of such construction that, when sub-
jected to stresses due to local heating, shall
retain its original form.

These and other objects are secured by
means of my improved apparatus, illus-

" trated in the accompanying drawings, in
& feriab]
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which Fig. 1 is a partial cross section
through a turbine showing my improved
blade-carrying ring applied thereto; Fig.
2 is a full cross sectional elevation of a
turbine showing my improved blade-car-
rying ring, together with the means for sup-
porting the ring and transmitting the forces
resultant from the expansion thereof; Figs,
3 and 4 are views similar to Fig. 1 show-
ing modified forms of my improved blade
ring; Figs. 5 and 6 are detail cross sec-
tions showing a part of my improved ap-
paratus with modified forms of packing;
and TFig. 7 is a detail view showing a
preferred manner of arranging the packing.

Heretofore, in the construction of elastic-
fluid turbines, whenever stationary blades
or diaphragm-carrying elements have been
disposed within the turbine cylinder, diffi-
culties have at times been experienced due
to the forces resultant from expansion of
the rings when subjected to heat in the
operation of the turbine. It has been found
that under such conditions, the rings ex-
pand at a greater rate than does the cyl-

inder, resulting in stretching the cylinder
and opening the cylinder joints, producing
leakage. :

To overcome this difficulty, it has beén
proposed to make the ring of smaller dia-
meter than the. cylinder so as to provide a
certain amount of clearance between the ring
and the cylinder. It has been found, how-
ever, that the proper amount of clearance
between the ring and -the cylinder is diffi-
cult to determine with any degree of ac-
curacy, and that when the ring expands,
disturbances in the relative position of the
parts of the turbine have occurred, result-
ing in serious damage to the turbine. A
further difficulty that has been encountered
with' such - construction is that leakage oc-
curs between the blade-carrying ring and
the cylinder which, if not causing serious
loss of energy, causes serious erosion and
damage to the walls of the cylinder and to
the ring.

To overcome these difficulties and to pro-
vide a better structure for the purposes
set forth, I provide a stationary blade or
diaphragm-carrying ring smaller in diam-
eter than the bore of the cylinder to allow
for expansion, the blade ring being of such
construction that, when subjected to the
forces of expansion, it will retain its origi-
nal form. I support this ring in the cyl-
inder in such a manner that when subjected
to the forces resultant from expansion the
supports serve to transmit these forces to
the walls of the cylinder in such a manner
that the cylinder structure is slightly dis-
torted without stretching and without open-
ing the cylinder joints.. At the same time
the ring retains 1ts concentricity with the
rotor. Co

To prevent leakage of elastic fluid be-
tween the ring -and the cylinder and con-
sequent erosion of the metal, I provide a
packing of erosion-resisting material so dis-
posed as to be effective as the ring expands
or contracts. - : :

Referring now to the drawings for a bet-
ter understanding. of my invention, I show
in Fig. 1 a partial cross section of a tur-
bine having a cylinder 10, a rotor 11 hav-

ing moving blades 12—12 and stationary

blades 18.  The stationary blades 13 are car-
ried by my improved blade-carrying ring
14, The blade-carrying ring 14 consists of
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a web 15 uniting two heavy flange portiens
16 and 17 so as to form a s\ﬂ)amntlallv
cireular I-heam construction, the web of the
beam being disposed mh\l'mm]iv normal
to the longitudinal axis of the turbine. With
this construction, when the ring expands
due to the heat in the turbine, it resists
to a maximum degree any tendency to ex-
pand out of round. For ease of assembly
the ring 14 is made in halves and the web
15 is provided with flanges 23 for securing
the halves together in any suifable manner
as by bolts 2 ic——‘)i

The ring 14 is of smaller diameter than
the bore of the cylinder 10 (TFig. 2), so that
there is a clearance space 18 between the
ring and the cylinder to permit expansion.
In 1*10 2, T show the evlinder 10 of con-
ventional form with Jongitudinal joints 19
having securing means 20 for the ] .}omk . The
eylinder 10 is preferably provided with
strengthening bores or inward annular pro-
jections 21, which may he continuous or
mteuupttd around the cylinder, located at
points where my improved blade-cax Tying
rings ave applied. For supporting the ring
14 and for directing the forces resultant
from expansion ﬂmuof I provide at the
sides and bottom pddb or projections 22
which bear against the bore 2{. These pads
are so disposed that the forces vesultant
from expansion of the ring force the wall of
the cylinder outward in the direction of the
longitudinal joints of the turbine as indi-
ated by the arvows 25 and "G Inasmuch
as the longitudinal joints 19 are secured by
the means 20 bevond the 011101 periphery
of the cylinder, the forces of L\pansxon be-
ing tr ansmitted in the manner aforesaid in
cooperation with the securing means 20,
slightly distort, without stretching the csl
inder bll'ud ure and without opening the cyl-
inder joints 19, tending in fact, to close
them more tightly together. 'To counteract
the torsional strain on the blade ving 14 in
the operation of the turbine, I pm\‘lde
means 27—27 for securing the blade ving
14 and the pads 22 to the (\]indor 10. The
pads 22 md\' be integral with the ring or
separate as desired.

This construction maintains the blade ring
concentric with the rotor in the following
manner: The center line of the ring is ob-
viously maintained laterally due to the sym-
metry of the parts on opposite sides there-
of. The center line is substantially main-
tained \ertwall\ by the securing means 27,
located just below the hor izontal Plane of
the ('entu' line. When the ring expands, the
side pads 22 move radially ()utwm'dlv fore-
ing the cylinder outwardly at the contact~
ing pomtb of the bore 21. As the ring is
held against vertical movement by the se-
curing means 27, the bottom pwd 22 must
move d_.rm nwardly, forcing the adjacent part

1,623,541

of the hore 21 downwardly. The portions
()i the cylinder between bot o pad 22 and
the side pads 22 will be slig Hly flattened to
.1Mu\\ this ountward movement, as will also
the uppm' half of the casing. The center
of the blade ring, it will be appamnt will
remain snl)&tanln]l\' tationary and concen-
{ric with the xmol

In Figs. 3 and 4, T show modified forms
of my mmproved .)](1(10 ring in which the
blade-carrying portion 17, the outer sup-
porting pmtmn 16 and the connecting web
15, inatexd of forming substantially a cir-
cular I-beam c(mstm(lmn, have the lower
portions 17 extending from one side only
of the web 15. In constructions such as are
shown in these views, I employ a suitable
number of stiffening ribs 37 to prevent dis-
tortion of the ring when subjected to the
forces resultant hom c\panslon

The flange 16 of the blade ring 14 is pro-
vided with a shoulder 28 which fits into a
complementary groove 29 in the cylinder.
The diameter of the groove 29 is greater
than the diameter of the blade ring at the
shoulder 28 so as to permit expansion of
the ring within the groove. Packing means
30 are inserted in any suitable manner in
one side of the groove 29, which packing
means cooperate w with p(zd\mﬂ' means 51 car-
ried by the shoulder, and thus prevent leak-
age between the ring and the eylinder. The
packing means employed are of Monel met: 1l
nickel or some other material suitable for
resisting erosion. In Fig. 6, I show a modi-
fied form of packing in w hich a wide strip
32 s msel(el in any Sllltdhl(, manuer along
Ihe side of the groove 29 and a coopudtmg

strip 33 is carried | by the shoulder 28. In
ng. 7, 1 show a plcimred manner of ar-

ranging the packing in order to overcome
dificulfies that T have encountered due to
relative expansion of the p.uts In this
view, I show an arrangement of packing
means which nay be emploved in elthel the
(\'hndor groove, the shoulder of the blade-

carrying ring, or both, which consists of
puhmo inserted in short sections 33 and
A6 arra naed in double rows with offiset joints,
As shown in Tigs. 5 and 6, I pvoim' to ar-
range the strips 30 flush with the side of
the groove 29 and to arrange the packing 31
projecting from the shoulder 28, the packing
31 having beveled edges. By this arrange-
ment T provide a pacl\m;j that is ensily re-
newed.

It will be apparent that apparatus mude
in gecordayce with my 111\'011{1(;11 amd ap-
plied to a lmbmr\ N of such construction as
to retain its cireulay form when subjected
to heat and comnqncm expansion in the oper-
ation of the turbine. The pads 22 ave so
arvanged that the ring is free to expand
on one side of the center line of the eylinder
t and the major part of the forces resultant
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from the expansion of the ring are directed
as herebefore described toward the longitu-
dinal joints of the cylinder. As the rings
expand the forces of expansion transmitted
to the cylinder through the pads 22 deforin
the cylinder and the rings vemain concen-
trie with the votor. . In this manner, it will
be seen that I have overcome the afcremen-
tioned difficulties resulting from expansion of
the blade-carrying 1ring . in . constructions
heretofore proposed, _

While I have illustrated one ring in a
cylinder it is to be understood that one ox
more stch rings may be employed, accord-
ing to the design of the turbine, and that
I have only shown one for the purpose of
Hlustration. It will also be apparent that
while I have illustrated a blade-carvying
ring in connection with a reaction type tur-
bine, the character of blading carried by
the ring is immaterial and that my improved
blade ring would be equally applicable to
4 turbine of the multi-cellular type for sup-
porting the diaphragm structures of such
turbines.

While T have shown my invention in but
one form, it will be obvious to those skilled
in the art that it is not so limited, but is
susceptible of various other changes and
modifications, without departing from the
spirit thereot, and I desire, therefore, that
only such limitations shall be placed there-
upon as arve imposed by the prior art or =
are specifically set forth in the appended
claims. ,

What I claim is:

1. In a turbine having a cylinder and a
rotor, a stationary blade-carrying ring sup-
ported by the cylinder and concentric with
the rotor and means cooperating between
the ring and the cylinder  whereby the ring
may expand within the cylinder and re-
muin substantially concentric with the rotor
while maintaining a predetermined spacing
with respect to the cylinder at at least threc
points.

2. In a turbine, the combination of a cy-
lindrical casing, a stationary blade-carrying
ving disposed within the casing and spaced
therefrom to allow for expansion, and sup-
perting means between the cylinder and the
ring, said supporting means maintaining the
ring in predetermined spaced relation with
respect to the casing at a plurality of points
to allow free expansion of the ring within
the cylinder and to cause deformation of
the cylinder in response to the expansion of
the ring.

3. In a turbine, the combination of a cyl-
indrical casing formed in parts with longi-
tudinal joints, means for securing the parts
together, a blade-carrying ring disposed
within the casing in spaced relation thereto
to permit expansion, and means for trans-
mitting the forces resultant from expansion

8

of the ring, so as to distort, without stretch-
ing, the cylinder structure.

4. In a turbine, the combination of a cyl-
‘nder, blade-carrying rings disposed within
the cylinder smaller in diameter than the
eviinder, means disposed between the rings
and the cylinder for supporting the rings
and transmitting to the cylinder the forces
vesultant from the expansion of the rings,
and distorting the cylinder upon expansion
of the rings, and packing means arranged
between the rings and the cylinder for pre-
venting leakage of elastic fluid therebetween.

5. In a turbine, the combination of a cyl-
inder, a blade-carrying ring disposed within
said cylinder of smaller diameter than the
cylinder to permit expansion, means dis-
posed between the ring and the cylinder for
supporting the ring and transmitting to the
cylinder the forces resultant from expan-
sion of the ring, and distorting the cylinder
upon expansion of the rings, the major part
of said means being disposed on one side of
an axial plane of the cylinder, and packing
means arranged to prevent leakage of elas-
tic fluid between the cylinder and the ring.

6. In a turbine, the combination of a cyl-
inder having longitudinal joints, means for
securing the joints, a blade-carrying ring
disposed within said cylinder of smaller dia-
meter than the cylinder, means disposed be-
tween the ring and the cylinder for sup-
porting the ring and transmitting to the
cylinder the forces resultant from the ex-
pansion of the ring, whereby as the ring ex-
pands the force exerted thereby is transmit-
ted to the casing in the direction of the lon-
gitudinal joints forcing the longitudinal
joints outwardly.

7. In a turbine, the combination of a cyl-
inder having longitudinal flange joints,
means, for securing the joints, a blade-carry-
ing ring disposed within said cylinder of
smaller diameter than the cylinder, a plu-
rality of pads disposed between the ring and
the cylinder for supporting the ring and
transmitting to the cylinder the forces re-
sultant from the —expansion of the ring,
means for securing the rings and the pads
to the cylinder and for counteracting the
torsional stress on the ring, the pads being
so disposed that the forces resultant from
expansion of the ring are mainly directed
toward the longitudinal joints distorting,
without stretching, the cylinder structure
and permitting the longitudinal joints to re-
main tight.

8. In a turbine, a casing, a blade-carry-
ing ring of a substantially circular I-beam
construction, and means for supporting the
ring in the casing so that the ring upon
expansion will distort the casing.

9. In a turbine, a casing, a blade-carry-
ing ring of a substantially circular I-beam
construction, the web of said I-beam being
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of the turbine, and means for supporting the
ring in the casing so that the ring upon
expansion will distort the casing.

10. In a turbine, the combination of a cyl-
inder having an annular groove, a blade-
careying ring, a shoulder formed upon said
ring, hf ting into the groove, packing means
at one side of the groove ‘and cooperating
packing means carvi ied by the shoulder, said
p.whmu weans being formed in segments and
disposed in double rows with offset joints.

11 In a ‘turbine, a casing, a stationary
blade-carrying structure comprising an in-
ner-blade-carrying ring, an outer supporting
ring, and a stiffening veb between the inner

, 541

‘and outer rings, and means for supporting

the ring in the casing sothat the ring upon
expansion ‘will distort the casing.

12. In a turbine having a (,yhnde and a
rotor, a s‘rahomny blade-carrying ring sup-
ported by -the eylinder -and concentric with
the rotor and means cooperating between the
ring and the eylinder whereby The- ring may
expand within the eylinder and remain sub-
stantially concentric with the rotor while
maintaining a predetermined spacing with
respect to the cylinder at at least two points.

In testimony whereof, I have hereunto
subscribed my name this tenth day of De-
cember, 1923,

FRANCIS HODGKINSON.
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