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'To all whom ..,-t nth concern:
" Beit known that I, FrREpERICK T. SNYDER ,

UWITED bTATES PATE\TT OFFICE

4 A= e Il-—-l-ﬂ-——_

FREDERILK T. bN YDER OF OAK PARK ILLIN OIS

h ' TURBINE

Wo. 850,501,

| Speczlﬁoatlon of Letters Pa,tent

‘Patented April 16, 1907.

| A_'pphretlou fled April 20, 1904, Serial No. 203,989.

. a citizen of the Umted States, and a resident

'.'..rh _

of Oak Park, county of Cook, and State of
linois, have invented certain new and use-
ful Improvements in Turbines, of which the

~ following is declared to be a full, clear, end
- exact description.

I

‘The-1mprovenierit, relatee t0 impact-tur-.
‘bines in. which the steam or other motive

~ fluid is expanded in the edmlsswn—nozzle to_

the exheust-—preesure |
“The invention seeks to provide snnple end'

efficient means for causing the successive or

multlple mmpact of the expanded steam

" against the turbme-wheel and thereby obtain
- good: -economy with a eomperatwely low
~ wheel velocity.

" The invention consists in the feeturee of
construction, arrangements, and combina-

-~ tions of perts heremafter set forth, illustrated
in’ the accompanying drawings, and more

35
- of the 1mproved turbme

18’ a development of the turbine-wheel and
guide-buckets on the line 3 of Fig. 1, and Fig.
4 1s. a view of the inner face of one of the
: -pletes wherein the guide-buckets are formed.

30

- 35

particularly pomted out m the appended
claims. -

Inthe drewmgs Flgu relisa c31de elevation
Fig.
of F 1. 1.

tudinal section on line 2 2 Flg 3

Expansive-fluid impact-turbines m which

the steam or other motive fluid is passed once

only through the buckets of the turbine-wheel

necessitate a high wheel velocity for good

. economy. . Indeed, for maximum efficiency

40

ample, the veloelt

with a turbine of the De Laval type, for ex- | g
of the wheel-buckets
' must be about ene-—ha,]f that of the velocity
of the steam-current fror the expansion-noz-
zle, and the latter is as high as from three

~ thousand to five thousand feet per second
- when the steam is expanded from high pres-

. sures.

45

" wheel must be constructed with great care

Single-impact turbines are therefore
deswned to rotate at very high speeds, the

~ and hung on flexible shafting, the factor of

~ safety is small, and even at the best they can- |’

“maximum ec OHOIIIY

not be driven at sufﬁment speed to attain

To avmd

- such dangerously-high- speeds and the step-

- down gearing and to obtain better economy,

turbines have been- designed in- which the
steain 1s. succeselvely passed throueh a series.

]

2 18 a longi-

Moreover, expensive
- -step-down . gearing must be employed with
 such motors to utilize the power.

l

the wheel-buckets.

to -

of Wheel’s' but here the cost of construction
and the eomphcetlon of parts are large. It

“has also been proposed to utilize the current |

of expanded steam in the same wheel by, pro-

6o

viding guide buckets or channels in the cas-

ing about the wheel through which the steam
proeeeds and is successively passed through
‘Under ideal conditions
such a multiple-impact turbine may attain
maximum economy with a .comparatively

low wheel velocity; but in a turbine which

utilizes the . energy of the expanded steam

must be gmded and its direction of motion
changed without shock—i. e., there should be

‘due to its high velocity the steam-current
70

no sherp angles in the steem—-p ath formed by

the wheel- buckets and guides or the steam

particles will be ineffectually dispersed or di- -

verted from their proper course.
the guidebuckets should be such that they

So, also,

can be readily constructed and provided

75

with a smooth—ﬁnlshed eurfeoe by the use of

“ordinary tools.

In some prior oonstructlons helical gu1de--

channels have been proposed, but are quite
impracticable, since they can-only be con-.

structed with
‘In others the guide buckets and channels are

‘not so shaped as to fully utilize the energy of
the steam-current or the path formed for the
‘same is not devoid of sharp angles.

great difficulty and expense.

8o

The present improved turbine avoids the_’.-,",

ment of wheel and guide buckets which ma

-objections noted and provides an arrange-
y 9o
be easily constructed and by which the cur-
rent of steam from the expansion-nozzle is
uided without shock and successively pro- -

jected through the wheel to fully utilize its

enercry In the preferred form of the inven-
tion the wheel is of the well-known De Laval
type, having a series of radlelly-dlsposed'_

95

buckets opening on opposite. sides of the -
wheel, and radially-disposed reversmg—-gmdes

on opposﬂ;e sides of the wheel aré arranged
‘pass. the current of steam through the -
~buckets elterna.tely from side to 81de in the

zigzag path.

100

“A ring-like or annular casing 10, formed of

seperete sections connected by bolts. 107, 18

mounted - upon a suitable beee-—plate 11.

Within opposite sides of the casing are snugly
fitted the circular heads or plates 12 and 13,

which. are ‘held .in position by bolts. 14,
| Central prowctmg cored bosses 15 on the
heads 12 and 13 support suitable bea,rmge 16,

105

1 10 .:

mthm whmh the turbme-shaft 17 18 ]ou.r-'
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naled. The ]}rowcung end of shaft 17 car-

ries a pulley 18 or other- drive-gear from

which the power may be taken. It desired,
the armature of an eleciric dynamo, the fan

of a cemwrifugal blower or pump, or other |
rotary element to be driven may be mounted:

'dn’cclly on the shafi, since the speed of -the
The turbine~-wheel

19 on shafi 17 is preferably of the well-

Lurmne 18 not- ehce sive,

known De Laval iype, having 'a series of

curved buckets 20 mdmlly dlsposed uponiis

periphery. and opening on Opposne sn:les of

the wheel.
[fThe casing 10 and heads 12 and 13 m&w be
O

cast metal machined to proper form. The |

wheel 19"may be of cast or wrought metal.
The buckets 20 are preferably formed of

separaie pieces of forged steel secured: (o the
main body of the wheel in any suitable man-

20 ner, and preferably the buckeis are provided

25

at their end wich lmerally—plo]emmw oilsets
21, which bridge the intermédiate spaces and
prevent any dispersion of the steam by cen-
trifuyal action. ' '

The circular heads or plaleq 13 and. 14 are
- provided with erllarged peripheral poriions
in which the reversing

. formed: The nozzles and steam IHIEU and

exhaust chamber are alco formed 1 or car-

30 ried by the enlarged peripheral poriion of

s

40 more nozzles may be employed, two bemg |

45

~the head  13. ‘The development of these
heads, Fig. 3, must clearly illusirate the ar-

rang emem of the nozzles, wheel-bucke (s, and ,

gmaes |
The nozzle@. 2? &nd ‘79" are Oi %Ult&ble con-

“formation to totally expand the steam down.|
to the pressure of the -exhaust and are ar-
ra,no'ed at the side of the wheel a,nd at an

~acute angle {o the plane of roiation. - One or

shown intheillusiratedform of the invention.
The- nozzles are preferably formed separate

from the body of ithe head 13 and are inseried

in suitable openings therein, as indicated in
Fig. 3.

outer ends of the nozzles which is in commu-
picaiion with the steam-pipe 24, as shown.

Stop-valves may be provided, if desired, at
.50 the outer ends of the nozzles and the s cam-.

pipe may have a contro: 'nw LhI’OLile or ZOv-

ernor Valve
- The Wheel—-buckets ‘3‘0 are concave 1n cir-

cumferential direction, and tie edge or m]et

| 35 and outlet portions of tie bucket are in-

clined rearwardly (i. ¢., in a reverse direction-

to that 1n which the bucketq move) and ex-

tend at an angle to the plane of rotation.

The forwardly-inclined nozzles deliver the

60 current of expanded steam into the open sides

of the buckets and in line wita the inclined
edge portions thereof. The steam passes

tllroun'h the buckets, its direction of motion.

IS Ch anged by the concave working faces of

65 the buckets; and it is prmectad re&rw&rdly

‘tation,

mde—bucke .S . are

proceeds
‘and guide buckets in a zigzag pa,th as ndi-
*--"ca,ted in Fig: 3. With the number of ouides

A projeeiing cored hoss 23 upon the-
pl&te 13 forms a steam-chamber about the.

ranged wheel-buckets.

| posite s;des af the wheel.

850,501

{from their inclined edge. portlons of the buck-

ets -on the opposite side of the wheel. The

turbine is thus of the combined impact and
Teaction type.

The steam enters and leaves
the buckets of tiie wheel at oppositely-dis-
posed or divergent angles to the plane of ro-

steam-current bemg changed without shock
or dispersion of its particles by the curved

faces of the buckets. g g

The reversing ﬂ'mde-—_

the direction of movement of the

5

buckets are arranged. to properly receive the .

-current of steam from tre wreel-buckets; re-
| verse-its direction, and redirect it at a proper
“angle through the wheel.

One or more guide buckets .or channe]s
may be employed in accordance with the
number of times the steam 1s to be pac;qod

tr rough tiie wleel; but preferably several of

such guides (oopera,te witi: each nozzle, since
ti:e speed of the wheel may be thE‘I eby corre-
spondingly decreased.

30

85

The series of guide-buckets ‘5’5 coopua‘re "

‘with the noz..zle 2.‘2 and are preférably formed,
| as shown, in the en]artred peripheral por tlonq
of the I eads 12 and 13 adjacent the path of
‘movement, of the buckets 20.

The inlet and
outlet portions of eacl gulde—bucket are ar-

‘ranged at proper angle to receive the steam-.

-current from the Wheel Dbuckets and redirect
it thereto.
'stafrgered or alternately arranged on oppo-
site sides of thie wheel, the inlet of the first of
the series being 0pp031te the outlet of the
{ nozzle 22 and the inlets of each of the others

Tre series of guide-buckets are

being opposite the outlet of the preceding
guide-bucket. - The steam thus passes from

‘tite outlet of each guide through the wheel
‘and into the inlet portmn of the succeeding
guide bucket, is pm]ected through the wheel

105

from side to side tnereef and

alternatel
g"om the nozzle throuwn the whee]

shown the steam is passed six times throuwh

A the wheel-buckets and then to the exhaust.

~ Any suitable number of nozzles and sets of
reversing gulde-buckets may be arranged

about the periphery ot the wheel 1n accmda__
ance with its power and size.

rangement shown two nozzles 22 and. 22’ dre

employed, and the steam praceeds from each
through the corresponding sets of ouide~

buckets in opposite directions to a common

exhaust - chamber formed in a projecting

boss 30 and communicating with the exhaust-
pipe 31. - By this arrangement the general

direction: of the steam-current - from nozale
22’ through-the.set of guide-buckets 25" is the

reverse of that of the wheel-buckets.”

The guide-buckets 25 and 25’ are radially
disposed to correspond with the radially-ar-
The guide-buckets

90

95

[00

110

In the ar-

11§

120

125

are of similar form and are of general wedge

shape in section divergently inclined on Op-
The 11116{3 portion

.{30



10

- 850,501

258 of each of the buckets leads rearwardly [ in accordance with the diniinishing velocity

~or away from the direction of movement of
the wheel-buckets and at angle thereto, so |

that the steam=current projected rearwardly
from the curved wheel-buckets will be Top-
erly received. - The outlet portion 25° of each

“bucket leads forwardly at a proper angle to
‘project the steam in line with the rearwardly-
-inchined edges of the wheel-buckets, and tne
‘1nlet and outlet portions are connected by a

-curved portion 25°, in which the steam-cur-

‘rent 1s reversed without shock as it passes

20

of the guide-buckets. |
guide buckets of the form deseribed there
are no sharp angles in the path formed for

through the guide-bucket. . _
- The 1nlet and outlet portions 25* and 25°
of each guide-bucket are thus inclined in the
same general direction at an angle to the

plane of rotation and substantially in line

with the rearwardly-inclined edge portions
With wheel and

the steam-current, either in the buckets.
themselves or between the moving wheel-

‘buckets and stationary guide-buckets.

The working.face 259 of the buckets is of

. course of similar outline—that is, the end

30

- .out forming

- 35

T

- 1n the opposite direction the inlet portion 25

~portions at the inlet and outlet of the buck-
- ets are inclined in the same direction at an
- angle to the path of movement of the buck-.

ets and the central mid-portion is concave in
circumferéntial direction and merges with-
abrupt angles into the inclined
end portions. P

. By reason of the inclined arrangement of

the guide-buckets the outlet portion 25° of
the series 25 are longer than the inlet por- |
tions 25%. The guide-bucket§ 25’, which co-

operate with the nozzle 22/, are similar in
form to guide-buckets 25; but as the steam-
cyrrent proceeds through the. former series

are longer than the outlet portions 259, as

. clearly indicated in Fig: 3. =

| '45

The several 18} )
open from end to end; but preferably parti-

tions 32 divide the inlet and outlet portions,

- 80 that the guides are in the form of channels

50

tion, the edges of the buckets and nozzles are

55

60

or passages, with inlet and outlet legs or
portgof different length. - - |

1ts p

While the inlet and outlet legs or ports of

- the guide buckets or channels and the admis-

slon-nozzles are inclined to the plane of rota-
parallel to such plane and arranged closely
adjacent to the open sides of the wheel-buck-
ets, so that the steam may not overflow in
ssage between the stationary.-andre-
volving parts,. -~ -~ - RO

‘Ample provision is ‘made for the increase
In cross-section of the steam~current due to

- 1ts decrease-in . velocity by increasing the

- cross-sectional area of the succeeding guide -
“buckets or channels of each set. ge '

~ the angle of inclination of the succeeding
:65-guide-buckets in each set mav be decreased |}

If desired,

I buckets.

| ring-casing 10. o
{  The 1mproved construction thus provides

| or inclined”* 1s meant leading or inclined iy
| 'general direction the reverse of the direction

cuide-buckets _ﬂmy be Eéﬁtirély '

of the steam-current. . -
. The increase in the cross-sectional area of

preferably effected by increasing their width

1n circumferential direction, as shown in Fig.
l 3. In radial direction the working faces of
the guide-buckets are preferably straight and
of a width equal to the length of the wheel-

| The 'sidé walls of the cguide buckets or
channels preferably extend in radial direc-

| tion to the outer peripheral surface of the
 circular heads or plates 12 and 13, so that the

channels may be readily cast in the plates or

cheaply machined and provided withsmooth-
| finished surface by employing a milling-tool
In the form of a frustum of a cone. The
| outer peripheral sides of the guide buckets or
channels are closed (see Figs. 2 and 4) by the

for the successive passage of the steam

| as to fully utilize the.vis viva of the current
of .expanded steam, and the speed of the
wheel may be comparatively low and yet op-
- erate with efficiency. Moreover, the simple
easily constructed.
| It is obwvious that the

| the essentials of the invention.
- clined” as used in the following elaims .is
meant leading or inclined in the same general

t
»

move, and by the term f‘,i'ea;rwardlfr

of movement of the wheel-buckets. =
_ Having described my invention, what I
claim ‘as new, and desire to secure by Leétters

Patent, is— -

through the wheel-buckets th such a manner..

_ details of construc-
‘tion may be varied without. departure from

‘By the term “forwardly leading or in- |

o

the succeeding guide-buckets of ‘the set is

70

75

8o

Tormed therein by suitable tools. ' The chan-
‘nels of this simple form may be easily and

90

95

form of guide-buckets employed may be

10C

| direction as that i which the wheel-buckets -
leading
medna

105

1I0

1. In multiple-impact turbines, the combi-

nation of a turbine-wheel, provided with a se-

{ ries of radial buckets having- working faces

concave In circumferential . direction ‘and

wardly-inclined nozzle on one side of the
-wheel delivering into said buckets and a re-

11§

rearwardly-inclined edge portions, a for-

versing guide-bucket on the other side of said

‘wheel opposite ssid nozzle, said guide-bucket
-being wider at its outer end than at its inner

| outlet portions being inclined in the same di-

-

tion ofsaid wheel..- .

buckets thereon opening.on opposite sides of

12

end and having an inclined working face with
| 8 rearwardly-leading inlet portion. gnd a for-
| wardly-leading outlet portion, both inlet and -
| 128 -
rection and at an angleto the plane of rota-

2. In multiple-impact turbines, the combi-
nation of a turbifie-wheel, a-series of radial’

X30
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_the wheel and having working faces concave |
1n circumferential direction, a forwardly-in-
chined. nozzle on one side of the wheel deliver-
ing mto said buckets and a set of reversing.

guide buckets” or channels alternately ar-
ranged on opposite sides of the said wheel-

- buckets, said guide-channels being wider at
- their outer ends than at their inner.ends and

IO

. 5

20

| 25

30

- nation.with a turbine-wheel having radially-

disposed buckets and opening on opposite
. sides of the wheel, circular heads having en-,
targed peripheral flanges- arranged on oppo-.
site sides of  the wheel, radially-disposed
e-buckets formed in said heads and ex-<.

35

guid

‘having inclined working faces, each provided

with a rearwardly-inclined inlet and a for-
wardly-inclined outlet

a concave portion.

3. Inmultiple-impact tlirbih,esi, the combi-

nation with a ring-liké or annular casing, op-

positely-arranged circular heads fitted with-
1n said casing, a shaft journaled in said heads,
a turbine-wheel on said shaft having a series |

of radially-dispesed buckets, and a series of

- guide-buckets formed in said heads, and ex-

tending radially to the peripheral surface

thereof, the outer ends of said guide-buckets

- -’\T" ‘
.-‘ "

being closed by said annular casing

bination of a turbine-wheel, a series of radial

buckets thereon, ring-disks arranged on op-

- pesite sides of the wheel and provided with .

- radially-disposed guide-buckets and a ring-
- frame abcut said disks closing the outer en§

S
of said buckets, substantially as set forth.
0. In multiple-impact turbines, the combi-

tending radially . to the peripheral surface

‘thereof,'and an inclosing covering ring or

frame encircling: said heads and closing the

40

~tially as set forth.

outer ends of said guide-buckets, substan-

portion connected by

850,501 " -

"6, In Ihultiple-impa'ct turbi_nes , the combi-
nation of aturbine-wheel having radial buck-.
' eta opening on opposite sides of the wheel, a

sebs of reversing guide-buckets arranged on

| ~0pﬁ6§i~ffq sides of the wheel and leading in op-
{-posite directions from said nozzle about the

7. Inmultiple-impact turbines; the combi= so
nation with the tukbine-wheel and the inlet-

nozzle, of the twosets of reversing guide-buck-

| ets extending in-opposite directions from the

nozzle about the wheel, said guide-buckets

nately 1n opposite directions through the

EVHeeI-BHCkats. | R o -
‘8. In multiple-impact turbines, the combi-

nation with the turbine-wheel having radial

wheel, of an inlet-nozzle and two sets of re- .-
versing guide-buckets leading therefrom in

_ -+ | opposite directions about the. wheel to a com-
4. In a multiple-impact turbine, the com-

mon exhaust, said guide-buckets arranged to -

| pass the motor fluid alternately inl opposite '65

~directions through the wheel-buckets.

9. 'In multiple-impact turbines, the combi-
nation with the turbine-wheel having radial
‘buckets- opening on opposite sides of the

| wheel, of two expansion inlet-nozzles there- 70

for and two sets of reversing. euide-buckets
leading from said nozzles respectively in op-
‘postte directions about the whee], said guide-
buckets being arranged on opposite sides of

alternately through the wheel-buckets in op-
posite directions. o I
_FREDERICK T. SNYDER.

- Witnesses: .
ALBERTA ADAMICK,

4

N - LLrLiaN PreENTICE.

nozzle:-delivering into said buckets and two 4z

‘arranged .to direct the current of fluid alter- s

buekets opening on -opposite sides of. the 6o

the wheel to pass the current of motor fluid 75
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