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To wlt whom it maly CORCeri:

Be it known that I, HENRY 5. BALDWIN, &
citizen of the United States, residing at Liynn,
county of Essex, State of Massachusetts,

s have mvented cortain new and useful Im-

groveme’nt& in Nozzles for Elagtic-F luid Tur-

ines, of which the following 1s & specifica-
tion. CoL |

My invention relates to nozzles and nozzle

1o units for olastic-fluid turbines; and "¢ aims to
im preve their construction and to lessen the
cost of manufacture. Torealize these objects,

I have devised a method by which -the 1n-

dividual nozzles are made from tubular stock
15 and are then mounted in supporting - plates
to form units, which are adapted to Ee re-
movably assembled in the turbine.
The invention '

such nozzles. of nozzle usually
colnprises & passage formed with & bowl or
~enlargement at the receiving end and an ex-
25 panding distharge portion that connects with
the bowl thmug% a contracted throat,
~ In forming the nozzles 1 employ & tubular
blank of the required length, diameter, and
- thickness and mill or otherwise form a longi-
30 tudinal slot at the end where the bowl is to be
" ghaped. The blank is then placed in & suit-
able die and the slotted portion expanded
and offset to shape the bottom of the bowl.
In a second die or in another _
first die the remaining part of the blank is ex-
F&nded to form a passage whose area increases
rom the point adjacent to the partially-
formed bowl, where the original size and
the blank is preserved to form the
the outer end to con-
stitute the discharge portion of the nozzle.
I the nozzle is to be of the non-expanding
type, the second die will merely give it the
desired shape and size.
the throsat and dischargf;‘e portion may be
scﬂmre, rectangular, or of any desired shape,
The blank is next placed in another die and
the bowl completed by forming the wall
‘hereof. The wall is preferably cylindrical
and is disposed at an angle to the axis of the
discharge portion of the nozzle.
however, be any

arranged coax ally with the discharge por-
tion. _ The former arrangement is best, how-
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ortion of the

The cross-section of |

It may, |
other shape and the bowl be |

ever, since it enables the nozzles to be more

closely nested. Atter the shaping of the

bowl the ends of the nozzles are dressed ofl
at the proper angle. Thereby the nozzle 1s
completed and ready for mounting in 1ts sup-

port. .
It may be desirable to heat the blanks for
certain or all of the steps in the drawing proc-
ess, or the nozzle may be formed cold, de-
pending largely upon the character of metal
' employed. Making the nozzles by drawing
as described necessitates very little fimshing,
as the surfaces which guide and direct the
fluid are perfectly smooth. It is to be noted,
| furthermore, that the fiber of the metal lies
| parallel with the direction of flow of the mo-

tive fluid. Hence any wear of the surfaces

‘0 contact with the motive fluid tends to keep

them smooth, and thereby )

friction between the fluid and the walls of the
nogzzles at 8 minumum. -

" After the formation of the nozzles they are
mounted in supporting-plates, which latter,
together with the nozzles, constitute the noz-
zle units. KEach umt may include a single
nozzle, or 1t may, and preferably does, 1n-
clude a group of nozzles, constituting what 1s
| commonly termed a « sectionalized” nozzle.

The supporting-plate 1s preferably a segment
having a curvature corresponding su%st-an—
tially to that of the circumference of the
bucket-wheel ; but, if desired, the plate may
form a ring extending entirely around the
wheel. Again, the nozzles may be mounted
‘1 & suitable part or parts of the casing-wall
and in the diaphragms of the turbine. Noz-
zle-orifices are provided 1n the plate corre-
sponding 1n number to that of the nozzles
~ tended to comprise the unit. Extending
¢-om one side of each orifice 18 a groove whose
| walls are shaped to closely fit around or én-
gage the exterior of the nozzle at the throat
- nd serve to hold the nozzle in a fixed posi-
tion. The center lincs of the throat-engag-
ing grooves extend in the same direction and
| su stantially tangential to the wheel-buck-

ets, so that when the nozzles are in position

the column of fluid discharged through them
r willlimpinge against the buckets at the proper
angle.

T'o secure a nozzle inthe supporting-plate,

orifice 1n such a mannqr.th&t the throat wil
I enter the throat-engaging groove. The ori-

maintaining the
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ihe bowl is inserted into the nozzle—recewmﬁ, .
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drawing nozzles ag €1

o

lice may be tapored so as to be wider at the
nd opposite the groove, so that b ¥ expand-
wy the bow!l in the orifice to fit
wall thereof the nozzle will e held securely
m place, or the wall of the bowl may be made
of such .. length that when the nozzle is in-
serted In position the upper end thereof will
project somewhat beyond the plate.
projecting end of the wall is ther axpanded
or flanged against the surface of the plate.
1 desired, each orifice may be slichtly coun-
terbored, so as-to form
nto which the expanded portion or flange is
firmly pressed. According to either method
the nozzle or nozsles gre secuiely held in
place both at the bowl and the threat,

In the accompan ving drawings, which illus-
trate one embodiment of the nvention, Fig-

ure 1 1s a side elevation of A tubuiar blani ,

from which a nozzle is to he made, e ¥ g
a similar view sho wing the fiest ster of thae
process-——namely, that of sletting the end of
the blank where the bowl is to be formed.
I'igs. 3 and 4 are longitudinal sections taken
at right angles to each other of the die for
forming and offsetting the vottom of the
bowl and showing the blank therein. Fig. 5
is a longitudinal section of the die shown in
Figs. 3 and 4, the same being inverted for
shaping the discharge portion of the nogzle.
Ifig. 6 is a section of the die for completing
the shaping of the bowl, Fiz. 7 is a trans-
verse section on hnd'7 7, F 1Zz. 6. Figs. 8 and
v are respectively « side elevaiion anid lon-
itudinal section of the tnished nozzle.
%‘igﬂ. 10 and 11 are transverse sections of s
discharge portion of the nozzle, taken en lines
1010 and 11 11 of Fig. . F 7. 12 is & frag-
mentary sectional view of & turbine structure,
showing a nozzle unit, one of the sections or

‘nozzles being removed from the SUPPOTEIng-

plate, the seciion heing taken ou line 12 12 of
Fig. 13. . _
13 of Fig. 12, and Fig. 14is & longitudinal sec-
tion of a modified forn: of nozzle upit. .

I have elected to ilustrate it method of

iployed for pokine g

nozzle whose bowl is dispoded with it ryis at
&n angle to that of the discharge portion, I
is to be understood, jio WEver, Lhat nozzles of
thai type wherein the howl sud o _
portion are coaxial may also be wade accord-
ing to my method.

ieferring to Iig. 1 of the drawings, the
blank 1is a drawn tube of an y suttable inetal
and of the required size.  In order to fora
the bowl of the nozzle, a longtudinal slot 2 is
miled or otherwise formed in the blanic 1 at
one end, Fig. 2, which is cut away or enlarred
it 185 inner end 3 to enable the Proper spreasd-
ing of the metal in the punchang operation,
T'he bowl of the nozzie is shaped in two oper-
ations, during the first of which the bottom
s formed and during the second tiw A
wall.  For the first step sroploy & die

-

4

T

the tapered |

The |

a recess or depression |

‘than the slot 2 in the blank,

| latter rests on the

Fig. 15 is a section taken on line 13 i

|
{

ischayyve

1

i

|

| the discharge portion ‘
punch 18 for this operation is provided with

| the bowl.

expanding f
Pression 9 o its outer end an
After the blank is. shaped, as
'shown in Figs. 3 and 4. the die
‘therein is inverted apd I-Piac@d on the table 17

|

]

}

¢l

ylinder- | from
4 qud | of
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a punch 5, Figs. 3 and 4.  The dic consists of
two parts 6 and 7, correspondingly grooved
and recessed to constitute g blank-receiving
bore 8 and a bowl-forming depression 9. The
parts are removably secured in proper aline-
ment by dowels 10 and are clamped together
by a ring 11, in which they wedge. |
pression 9 and the punch may be of any de-
sired. configuration. In the present instance
they are substantially elliptical in CTrOSS-Sec-
tion. The portion 12, Fig. 3, which consti-
tutes the effective part of the die for forming
the bottom of the bowl, is more or less flat
and is slightly offset from the bore 8. The
length of the depression is somewhat longer
| so that that por-
tion of the blank adjacent the cut-away part
3 can be spread by the punch simultaneously
with the shaping of the bottom 13 to form
the portion 14 of the wall of the bowl. In
order to prevent the thin wall of the blank
from being crushed and deformed during the
Froaess of shaping the bowl, a pilot 15 is
ormed on the punch, which is adapted to ex-
tend down through the bore of the blank, and
thereby maintain the proper shape of that
portion of the blank which is not acted on by
the punch proper. The lower end of the pilot
extends below the end of the blank, which
platen or table 17 of the
punching-machine and enters g socket 16 in
the table. o

I prefer to employ the
ing and shaping the discharge portion of the
nozzle as is used for forming the bottom of
For this purpose the bore 8 is
made according to the desired configuration,
from the point adj&cent the de-

I section. | _
with the blank
ine in the position

Gpemtion of forming
of the nozzle. The

of the . punching-mae
shown in Fig. 5 for the

a shank 19 of square or rectangular cross-sec-

tion, which tepers from its root. to the tip 20,
where it emerees into a cylindrical ssction.
The punch when depressed into the die oper-
ates, by means of ity taper, to progressively
expand the blank to form the discharge por-
tion 21 of the nozzle, while the tip. 20 pre-

| serves the original size and stock at the por-

tion 22, which constitutes the contracted
throat of the nozzle.

the discharge portion 21 the partially-formed

70
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935

same die for expand-

ic

quadrilateral

KK

After the shaping of

nozzle is next placed in g die 23, Figs. 6 and

7, for the second or final part of the Bowl-
forming operstion. This die COIMpTiSes a
block having a cylindrical depression 24 in
its upper -surface of suitable depth and in-

at 1ts bottom. Extending laterally
the depression und in the upper surface
the block is a slot 25, provided with side
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cuide-walls 26, which extend in one direction
parallel with the axis of the depression. The
walls are parallel or flating, as the case may
be, to correspond to the shape of the dis-
charge portion 21 of nozzle, which snugly,
but movably, fits between them. The bot-
tom of the slot 1s also inclined and offset from
the bottom of the depression to correspond
to the offset portion of the nozzle between
the discharge portion and the bottom of the
bowl 13, as formed in the two previous opera-
tions. A plug 27 is fitted into the discharge
portion to give rigidity thereto and to serve
as o tneans for the operator to hold the nozzle
during the punching operation. par-
blank is placed in the die 1n an
inclined position, with the discharge portion
21 disposed in the guide-slot 25, as shown in
dotted lines, Fig. 6, and the outer end of the
bottom 13 held against a guide or abutment
2% formed on t%e’ back of the die. The

punch 29, whieh corresponds in configuration

to the depression,
presses the bowl into the depression, ¢C
ing thereby the shaping of the cylindrical
wall 30. Under the inovement of the punch
the blank moves bodily
die, and the walls of the slot 25 engaging with
the discharge portion 21 of the blank guide
ihe latter so that the wall 30 of the bowl is
r rmed at the desired angle and in proper re-
lation to the discharge portion. After the
forming of the bowl ‘r%h,e ends of the nozzles
are finished, as by milling or otherwise.
has been found best in practice to finish these
ends perpendicular or substantially perpen-
Jicular to the axis of the bowl, as shown in
Fig. 8. |
Nozzles formed in the manner described
are comparatively smooth and require little
or no polishing, and as the fiber of the metal
extends in the general direction of the flov. of
the motive fluid any wear tends to keep the
walls smooth. | |
The completed nozzles are next mounted
in their supports, which may be suitable fixed
parts of the turbine structure.
employ removable plates, which, with the

is next operated and

nozzles, constitute what 1 term the ‘‘nozzle

umits”’ A unit may include a single nozzle,
or, as shown in Figs. 12 and 13, 1t may n-
clude a greater number of nozzles. The noz-

Jes are mounted in the supporting-plate 31,

which is secured by bolts 32 to the stationary
R@rt 33 of the turbine, the latter being a

ead, a diaphragm, or any other part. . The
plate isusually segmental and extends & short

Tistance around the periphery of the bucket-

wheel 34 at one side thereof.
ever, be larger and even a ring carrying a
complete circle of nozzles. The nozzles are
disposed in an arc adjacent to the buckets 35
of the wheel, so as to-discharge motive fluid
against them.

In order to support the nozzles in the plate

It may, how-

complet- |

downward into the |

It

I prefer to

| 30 of the nozzle projects a slig

ing end is then expanded, so 8s

3

31, the latter isprovided with orifices or open-
ings 36, the right-hand one in ¥igs. 12 and 13
being shown empty.. Extending from one
<ide of the orifices are corresponding grooves
37 or other equivalent means which engage
with the throat portion of the nozzles. The
nozzle at the left is mounted in the support-
ing-plate firat and the others follow succes-
sively. To mount & nozzle, the bowl 18 in-
serted into one of the orifices 56, and the
throat into the groove, and when in this pc-
sition the unper end of the ¢ A
yond the surface of the plate. The project-
to form a re-
taining-flange 38. The orifices 36 areslightly
counterbored to provide depressions 39, into
which the flanges are tightly préssed. The
nozzles are thus securely held in the support-
ing-plate, both at the bowls _
the throat-engaging grooves serving also to
prevent the nozzles from turning in the noz-
leo-receiving orifices. Amnother way of .se-
curing the nozzles in the supporting-plate 1s

to provide each nozzle-receiving orifice with

| a slight taper, so as to be of larger diameter

| opening, thereby hol

i

- 42:and

‘stantial

at its upper end, and after

| r the nozzle 1s as-
sembled 1n the orifice the cylindrical wall of
the bowl is merely ex

anded to closely fit the

have shown a modified form of
 This comprises a supporting-
plate 40,in which the bowls 41 of the nozzles
“ro formed. Hence the drawn part of thenoz-
sles comprises simply the discharge portions
‘he contracted throats 43. The noz-
Jles are received in orifices 44 In the support-
ing-plate 1nto which the throat ends of the
nozzles are inserted and then expanded 1nto
recesses 45 at the innerends of the bowls, thus
securely holding them in position. The por-
tion of the nozzle expanded into the recess 45
forms a part of the nozzle-bowl. Since the
drawn part of the nozzle lacks the bowl, the
process of making it is much simpler than 1n
the form previously described.

n accordance with the provisions of

the
patent statutes ‘

In Fig. 141

es I have described the princi-
ple of operation of my invention, together

with the apparatus which 1 now consider to
represent the best embodiment thereof; but

T desive to have it understood that the appa-
ratus shown is only illustrative and that the
‘nvention can be carried out by other means.

What I claim as new, and desire to secure
by Letters Patent of the United States, 18—

and the throats, °

15

lindrical wall
t distance be-
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1 As an article of manufacture, & nozzle

tor elastic-luid turbines comprising a tube
having an expansied bowl, and a discharge
portion, the wall of the nozzle being of su%-—
uniform thickness.

9 As an article of manufacture.- & nozzle
for elastic-fluid turbines comprising & tube
having an expanded bowl, and an expanded

125
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discharge portion, the wall of the nozzle he-
ing of substamtially uniform thickness.
3. As an article of manufacture, a nozzle
for elastic-fluid turbines comprising & tube
5 having an enlarged bowl, an expanded dis-
charge portion, and a contracted thront cons-
neoting them, the wall of the nozzle being of
substantially uniferm thickness .
4. As aar article of manufacture, a nozale
to unitl for elastic-fluid turbines; comprising one
or more tube-noazies each having s, propenly-
shaped. discharge portion, and a supporting-
plate adapted to be: remoxably mounted. in:
‘the turbinein which thenonzle or nozzles. are
15 secune{ir by expaanding. |
o, AS

i which

[ neeted: by a throat,
an artiele of menufaeture, & nozale |

unit for elastie-fluid tarbines, comprising
tube-nozales each adapted to- be removabl
mounted in the turnbine angd provided: with o
2c bowl portion, and a supporting-plate having
orifices. for receiving the bowl portion of the
nozzles and’in which the said portions ars se-
cured by expanding.. -
6. As an article of manufacture, a noazzle
25 unit for elastio- fluid' turbines, comprising.
tube-nozzles each having a bowl and a1 6X-
panding discharge portion connected by a |
contracted. throat, and a plete adapted bo be
removably mounted:in the tuzbine and pro-
30 vided with. orifices.in. whick. the bowls are se-
cured. by flanging,
7. As an. amt-ic%e of manufacture, &' nozzle

A 8 A TEF i |

829,831

unit for elastic-fluid turbines, comprising
tube-nozzles each having a bowl, and an ex-
panding diseharge portion disposed at an an-

 gle thereto and connected b{ a throat, a sup-
- porting-plate provided with:

bowl-receiving
orifices,. throat-engaging means on the piate
revent the nogzzles from turtiing in
the orifices, and: flanges on the bowls whiel
cooperate with said means for holding the
nozzles in position:

8. As an article of manutacture, s nozzle

umt for elastie-fluid turbines, COMPrising

tube-nozzles each having atbowl, a discharge
portion disposed at an. angle thereto and con-
& supporting-plate pro-
vided with b Owl-receiving orifices, and an -

. larly-disposed t--h“r*ta&*t‘-—engagingﬁgmoves, and
securing flanges formed on the bowls to se. 50

cure the nozzles in place in the orifices. un
grooves:

9. In a nozzle for elastio-fluid turbines, a
segmentad plate provided with transsersel y-
extending nozzle - recelving openings and

 throat-engaging slots which extend in the

same direetion one from each opening.
I'n witness whereof T have hereunto set my
hand this Ist dav of March, 1905,

HENRY S. BALDWIN.

Witnesses:
Arex. F. Macponarp,
JOHN A, McoManus, Jr
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