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PATENT OFFE@E

LEWIS! FERRY MOODY OF PHILADELPHIA PENNSYLVANIA

: I—IYDRAULIC TURBINE

0r1g1na1 application filed. June 28 1918, Senal No. 242,391,

-1923. Serlal

‘The principal object of my 1nvent10n is to-

provide a new and improved hydraulic tur-
bine. Another object of my invention is to
provide an improved hydraulic turbine that
5 shall be well adapted for operation at high
ope01ﬁc speed under comparatively low. head.
Still another object has to do with regulating
the flow of water through such a turblne

tion will become apparent on consideration
of a disclosure of a form in which the inven-
tion may be embodied as set forth in the fol-

lowing specification taken with the -accom-

panying “drawings. It will be understood
that further modifications than those shown
in the drawings can be made that will fall
within the scope of my invention.

“Fig. 1 is an axial section of a turbine em-
bodying my: invention;

Fig. 2is a section.on the line 2—2 of Tlg 1,
and

Irig. 8iga section on the line 3—3 of F1g 1.

In the specific embodiment of the invention

- shown in the drawings the shaft of the tur-
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bine is horizontal and the control means for
the flow is positioned on the discharge side
of the runner. The shaft 1 runs in the bear-
ing 2 supported in the fixed cylinder 4 which
has its flange 5 bolted to the liner 6 supported
in the concrete structure 7. Another bearing
8 for the shaft is provided in the head 9 sup-
ported by the vanes 10 in the casing 11 which
forms a part of the axially extendmcr intake
passage 12. The shaft 1 carries the runner
with vanes 13 receiving the flow from the
guide vanes 10 with combined inward and
axial components and discharging it substan-
tially -axially. - On the entrance side of the
runner, the diameter thereof —measured
around the vane tips adjacent the entrance
edges is substantially equal to the diameter of
the runner on the discharge side measured.in
a similar manner.

At its end the cylinder 6 carries a ring 15

5 extendmcr from which are the stay vanes 18

with their opposite ends connected with the
ring 14 which is bolted to the casing 11.
Around the stay vanes 18 is the volute dis-
charge chamber 16 of increasing cross section
across the lines of ‘flow so as to decrease the

.‘Dlvxded and thls apphcatlon filed March 31,
No.. 629,105. )

ve1001ty of the ‘water and deliver it Wlth Te-
duced velocity into the draft tube 17.

‘A plunger gate 19—26 has a cylindrical
side Wall 19 with the flatly. conical wall 26
across its end. The inside edge of the ring
15 carries a bronze bushing 20’ encraoqno the
cylindrical surface 19 and the end of the cyl-

“inder-19 hasa piston flange-21 with a bronze
“These and various other ob]ects of my inven-

bushing 22 engaging the inner face of the cy-
lindrical liner 6. The tube 28 is supported
from the wall 3" with a slight clearance 24
around the shaft 1 and the end wall 26 has
& bronze bushing 27 engaging the outer sur-

‘f‘vce of the tube 23 A bronze seat and bush-

ing are also shown at 25to famhtate a tlo'ht

closure of the gate.

In the specific embodlment of Lhe invention
shown in-the drawings there is no perfora-
tion through the head 26 so that the head 26
is subject at all times to the pressure in the

- space at. the left of the runner 13, whatever

that ‘pressure may be. Pressure fluid -ad-
mitted through port 28 acts on the annular
piston 21 and is supplemented by the pres-
sure on head 26 to move the gate to the left.
On the contrary to close the gate pressure
fluid is admitted through port 98" and acts to
the right on the whole annular piston 21—26
between the cylinder walls 6 and the sleeve 23.
When pressure fluid is admitted at one port
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28—98" it is exhausted at the other port 28" -

or 28. The pressure of the water in the pen-
stock may under suitable conditions be uti-
lized to operate the gate.

The water flows to the turbine through the
conduit 12 and enters the contracting inflow

‘passage in the casing 11 passing through the

inclined guide vanes 10 so that 1t is delivered
with a Whlrhng motion and with increasing
velocity to the runner vanes 13, these runner
vanes being spaced from the gmde vanes 10

_a distance sufficient to permit the flow lines

to come together to form a solid whirling
column of water in the transition space 44
at the entrance to the runner. This whirl-
ing water engages the vanes 13 thereby im-
pressing a torque on the shaft 1 and causing
1t to rotate and develop power.  The transi-
tion space 44 throughout full or part-gate
operations is of constant volume due to the
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opposino walls of this space having a fixed
relation during such operations, while in ad-
dition the intake passage is of constant width,
that is, the distance between opposing walls
normal to the flow. This results in smooth
flow lines and absence of eddy currents in
the flow passing to and through the runner.

s the water leaves the runner vanes 13 and
enters the cli<011z11 ge space 46 it may retain
sonte degree of Whu‘hncr velocity. The dis-
charge space 40 is bounded on' the outside
by the {1 aring surface of casings 11 and 14 and
on the inside by the sleeve 23 and the coni-
cal end 26 of the plunger gate in open posi-
tion 26”. Inthis discharge space 46 the whirl-
ing flow is turned from axial toward a radial
outward direction and  is decelerated on
splcadnm or-expanding spiral lines passing
outward through the stay vanes 18 and into
the expanding “Volute chamber 16 where the
whirling velocity still remaining will be
transformed into. pressure head by the re-
duction of velocity due to the increasing cross
section, thus further increasing the portion
of the total head which is effective upon the
runner 13.

The turbine is regulated by varying the
magnitude of the stream of water ﬂowmc
therethrough. For a normal load the plunm
er gate 19296 will have a position shown in
dotted lines 26’ in Fig. 1 and will move out-
ward for an overload or inward toward the
runney for a partial load. When it is moved

‘inward it decreases the annular outflow open-

ing to the stay vanes 18. These stay vanes
18 are inclined in the direction of the Whir’i-
ing outflow, being primarily stay vanes bu

placed at a suitable angle to corresponfhmr
racdii-so as to offer a minimum resistance to
the water which traverses the chamber 46
with a whirling move Th volute con-
duit. 16 receives this water in its natural

ment.

“whirling direction and conducts it in paths

of expanding cross section so as ever v‘“lmu
to reciuce its velocity and deliver the 1ntegx,al

:stream to the outflow conduit or draft tube 17.

The gate mechanism here disclosed is much
more rugged in structure than can be ob-
tained when wicket. gates are used; the risk
of breakage from trash, ice or other obstrue-
tions is greatly reduced; and it is reasonably
easily closed at
any time without obstruction from accumu-
lated trash. This form of gate provides for
much tighter closure than is possible with
xmckct ,{za,te< the bushing 25 engaging the
ceat to effect a tight c]oswe so that it will
not ordinarily be necessary to close the head
gates or to employ brakes to stop the turbine
“after the turhine, gateis closed. The plunger
gate is arranged so that it may readily be
withdrawn in an axial direction for purposes .
of replacement or repair without disturbing
the parts set in the concrete.
-Among the advantages of my improved

construction, in addition to the simplification,
and to the certainty of operation of the regu-
la’mno gate are the following: A simpler
£orm of runner vane surface can be used than
in other types of high speed turbines and this
gives an advantage in design and manufac-
fire. The runner can be made of lighter
Weidh‘ than in otLel types of turbines, “thus

educing the weight of the rotating parts and

‘ 13(10,“ 1g the load on the thrust beaung when

the turbine is used in vertical shaft setting.
Only a comparatively small number of vanes
are necessary in the runmner, six being shown
in the drawing. The spaces between the
runner vanes may be large so as to reduce the
visk of clogging by trash, the vanes shown
for instance being overlapping somewhat in
the inner portion of their length when viewed
in an axial direction (IFig. 2)” and having
clear sj paces between them at their tips. The
Iades of the runner have entrance and dis-
mawe edges (Fi(‘» 1) that are substantially
¢ Tines transverse to the flow when
pr cqecged into a plane contasining the runner
axis, TV ien projected on a plane perpen-
dicular the axis (Fig. 2) the blades have thus
entrance and discharge edges joined to the
outer tip portions by smoothly rounded
curves. Viewed in axial projecticn (Fig. 2)
the blades slightly overlap and their area is
su bsmn ially eqaal to the disk area of a circle
ss ng through the tips of the blades. It
180 seen that the entrance and discharge
res of ‘\d}acem blades are disposed vela-
vely close to a common meridian plane, that
s a plane containing the runner axis and
passing between said. edges- so that either
the blade avea or its pro]ected ares will ap-
proach the disk or annulus area between the
runner hub and a circle passing through the
runner periphery. -Also the blades due to be-
ing of small vertical or axial extent and rela-
tively large horizontal or circumferential ex-
tent, as shown in Figs. 1 and 2, ave inclined at
a smaller angle to the plane of runner rotation
than to a plane containing the runner ‘]\iS.
When referring herein to “axial flow” or
“radial flow”, qccmdmfr to the commoniy-
v s“d forms of ex {pression vit is understood that
the flow is referred to as pro]cctﬂd in a meri-
dian plane, that is, a plane containing the
turbl e axis, such as the plane of I‘mme 1,
and that in addition to the meridian com-
pornents referred to, the flow contains whirl-
1ng components of motion about the axis.
Thus, where the water entersthe runner vanes
13, the components of its direction of flow
are axial, radially inward and whirling, the
flow. belng said to be axial and radially in-
ward. Where the water leaves the runner
vanes 13, the direction components are axial
and whirling and the'flow is said to be axial.
In the discharge space 46, the axial com-
ponents of motion are turned into the radial
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being decelerated but remaining in some de-

- gree; and the flow through the stay vanes 18

1s radially outward and whirling, being re-
terred to as radial outward flow. = _
This application is a division of ‘my co-
pending application Serial No. 242,391, filed
June 28,1918, for hydraulic tmblne and sub-
ject matter shown but not claimed in this

application is claimed in said original appli-

cation No. 242,391 which is now Patpnt No.
1,583,415, issued May 4th, 1926

I ﬂl'um R

1. In a hydraulic turbine an axia lly direct-
ed contracting intake passage having vanes
therein to impart a whirl to the entering flow,
a runner coaxial with and in said passage
receiving said flow and having a substantial-
Iy axial discharge located at ‘the smallest
diameter of said passage, which contracts

down to a point’ substantially adjacent said: :
runner, and a spreading draft tube adapted

to decelerate the runner discharge between
inner and outer surfaces 6f revolution.

2. In-a hydraulic turbine an axially direct-
ed contracting intake passage having vanes
therein to’ 1mpart a ‘whirl to the entemn(r
flow, and a high speed unshrouded propeller-

least equal to its d1scharcre diameter coaxial
with said passage, havmo not-more than six
blades and recelving said flow and discharg-
in(r 1t substantially axially.

- In a hydraulic turbine an axially direct-
ed contractma intake passage having vanes
therein to 1m1Jart a whirl to the entering flow,

a.high speed runner havirganentrance dmm— :

eter at least equal to its discharge- diameter,
located at the smallest diameter of said in-
take passage coaxial with said passage, hav-
ing not more than six blades and veceiving
said flow and discharging it substantlally
axially, said vanes and runner being gpaced
apart an appreciable distance to form a
transition space, and a'spreading draft tubé
adapted to decelerate the rumner discharge
between inner and outer surfaces of revolu~
tion.

4. In a hydraulic turbine an axially direct-
ed confracting intake passage having vanes
therein to impart a whirl to the entermd fiow,
an unshrouded high specd runner havmo its
discharge side at the smallest diameter of Said
passage, coaxial with said passage, having

not more than six blades and receiving said

flow and discharging it substantially axially,
said vanes and runner bemg spaced apart an
appreciable distance to form. & transition
space, and a draft tube adapted to decelerate
the runner discharge and turn the axial com-
ponents to a radial direction.
In 2 hydraulic turbine an axially direct-

ed contractmg intake passage contained with-
in a circular ring having a surface of revolu-

tion and havmg guide’ vanes integral with

said ring and said gulde vanes bemg formed

3

with an axial entrance and a diagonal dis-
charge to imparta whirl to the entering flow,

“and a Tunner coaxial with said passage and
: 1‘ecelvmg the flow therefrom and having a

QU stantially axial discharge.

ed horizontal contracting intake passagehav-
ing means t hﬂ“em to impart a whirl to the
cnterm g flow, and an unshrouded high speed
TUNRer- Cg*zzm! with eaid passage, and ha aving
blades with entrance and discharge  edges
that' are substantially straight hne,s trans-
verse to the flow when projected into a plane
containing the runner LX1s, said runner hav-
ing an entrance diameter at least equal to its
chscharoe diameter.

CIna hydraulic turbine a hor1z0ntal en-

'trance casing contracting in the direction of

(U
6. In a hydraulic turbine an axially direct- .7

75

80

flow and having stationary guide vanes with .

an- axial e Vntmnce and a dlagonal discharge

aaaptbd to impart a whirl to the flow so as to
form it into a whirling axially progressing
mass, a runner réceiving the flow and dis-
charging it suostantlally axially, a shaft for
said runner; and a bearing for said shaft in
proximity to said runner and supported by

said guide vanes.
v type Tunner having an entrance diameter at -

8 In a 2 hydraulic turblne a hom’?()ntal en-
trance casing contracting in the direction of
flow and havmv stationary guide vanes
‘mapted to 1mpart a whirl to the flow so as to
form it into a whirling axially progressing
mass, an unshrouded runner iocated at the
smallest diameter of said casing receiving the
flow and discharging it substantially axm]ly,
a shaft for said runner, and a bearmo for

said shaft in proximity to said runner and

supported by said guide vanés.
9. In a hydraulic turbine a conduit en-
closed by a casing and comprising an axial

{low portion, a- radial outward flow portion
‘and - a transition space. between them sur-

rounding the common ax‘a, in Whlch the me-
ridian combonento of the out-flow change
f "om axial to radial, an axial flow runner in

said axial flow p01t10‘1 and a coaxial plunger
gate forming a boundary wall for said transi-
tion space:

10. Inahydra ulic turbine of the horizontal
tyne having axial flow guide vanes, an axial
flow runner and a flow decelﬂratmcr draft tube
having an inner surface formed as a conical

deflector: to engage and deflect ‘water dis-

charging from said runner into the outward
flow dlre(,iion with respect to the axis.

1. In a hydmuhc turbine . an axially
dnrec’cecL contracting intake passage having
stationary means to it mpart a W‘lul to the en-
tering flow, a runner coaxial with said pas-
sage and receiving said flow and a substantial
vane-free space between said stationary
means and said runner, said stationary means
providing a rigid support for a bearing of the
turbine shaft.

i2. In a hydraulic turbine an axially
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directed contracting intake passage having
stationary means to impart a whirl to the
entering flow, a runner coaxial with said pas-
sage and receiving said flow and having a
substantially axial dischar 2e and a substan-
tial vane-free gpace between said stationary
means and said runner, said stationary means
providing a rigid support for a bearing of
the turbine shaft.

13. A hydraulic turbine installation com-
prising a horizontal intake passage bringing
the flow axially to the runner, 2 runner v
ing its shaft on the discharge sule, and a dis-

charge passage spxemmn around said snun
and turbing the flow toward radial and dis-
charging said flow domnwamly

14. A ‘Thydraulic turbine installation com-
prising a horizontal intake passage formed
m a concrete structure bringing the fiow 5
ally to the runner, & runner having its shaft
on the discharge side 1(’ pr O]ec ing beyond
the inner surface of said conmete structure,
and a discharge passage spreading around
said shaft and turning the flow towa avd radial
and discharging said flow downward, said
discharge passage being formed in said con-
crete.

15. In a hydraulic turbine installation a
concrete structure having a horizontal pas-
sage therethrough, a turbine intale at one
portion of said passa ge and a cover structure
and shaft support at “another portion of said
passage, a dratt tube between said intake and

said cover structure, and a runner in said
passage between said intake and draft tube,
said runner having a shaft passing through
said support.

16. In a hydraulic turbine installation a

oncrete structure having a horizontal pas-
sage therethrough, an axially directed turbine
intake at one end of said passage and a cover
structure and shaft support at the other end
of said passage and adjacent the inner wall of

said concrete structure, a draft tube between

O ax 1

q‘ud 111take and said cover structure, and a-

runner in said passage between said intake
and draft tube, said runner havmg a shaft
passmo through said sunparu

.Ina nvh'auhc turbine installation a
coaczete structure having a horizontal pas-
sage therethrough, an axially directed tur-
Bine intake at one end of said passage and
a cover stmcwle and shaft support at the
other end of said passage and adjacent the

‘ mrer wall of s‘uc1 concrete structure, a draft

tbe between said intake and said cover struc-
ture adapted to turn the flow outward from
axial toward a radial direction, and a runncr
in said passage between said intake and draft
tube, said runner having a shaft passing
through said support.

18. In a hydraulic turbine, a runner hav-
ing a horizontal axis and a substa ntnlly
axial discharge, a radial flow conduit at one

5 end of sald runner and coaxial therewith and

1,786,166

a coaxial cylinder gate across said conduit.

19. In a hydraulic turbine, a runner hav-
ing a horizontal axis and a substantially axial
discharge, a radial flow conduit at one end
of gaid runner and coaxial therewith and a
ceaxial eylinder gate across said conduit, said
gate having a wall across its end.

20. In a hydraulic turbine, a runner hav-
ing a horizontal axis and a substantiaily
axial discharge, a radial flow conduit at one
end of said runner and coaxial therewith

and a coaxial cylinder gate across said con-
umt, and vanes across said radial flow con-
duit outside of said gates and adjacent there-
to when the gate is in its closed position.

21. In a hydraulic turbine, a runner hav-
ing a horizontal axis and a substantialiy
axial discharge, a radial flow conduit at one
end of said runner and coaxial therewith and
a coaxial cylinder gate across said conduit,
said condut being “of ex cpanding cross sec-
tion across the stream elements for sections
moze L‘nd more remote from the runner.

. In a hydraulic turbine, a runner hav-
ing a hor izontal axis and a substantially
axcial discharge, a radial flow conduit at one
end of said runner and coaxial therewith and
2 coaxial cylinder gate across said conduit,
said conduit being in the form of a volute of
expanding cross section for sections more and
more vemote from the runner.

In a hydraulic turbine a horizontal
shaft runner having a substantially axial
discharge and comprising unshrouded run-
ner vanes, and a plunger gate of substantially
cylmdrlcal form and having an end surface
movable along the axis to control the flow
of water thr out*h said runner.

24. In a hydrauhc turbine a horizontal
shaft runner having a substantially axial dis-
charge and comprising unshrouded runner
vanes, and a plunger gate of substantially
cylindrical form and having a conical end
surface movable along the axis to control the
flow of water thrmwh said runner.

25. In a hydmuhc turbine a horizontal
shaft runner having a substantially axial dis-
charge, a conduit leading to the runner,
means in said conduit to give the water a
whirling approach to the runner with in-
creasing velocity, a conduit leading away
from the runner, means {o ouldc the water in
a whirling direction in said last named con-
duit and with decreasing velocity, one of said
conduits being of radial flow type, and an
adjustable thndl'cﬂ gate across said ra-
dial flow conduit.

26. A hydraulic turbine having a horizon-
tal shaft runner and a gate in the form of a
eylinder with an end “wall rigidly wunited
thereto and formed as a surface of revolution,
said gate being capable of regulating the flow
through the turbine by opening or closing
with axial movement.

27. A hydraulic turbine having a horizon-
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tal shaft runner, a gate in the form of a eyl-
inder with an end wall rigidly united there-

to and formed as a surface of revolution, said.

gate being capable of regulating the flow
through the turbine by opening or closing

with sxial movement, and fluid pressure
means to move said gate.

28. The combination in a hydraulic turbine -
- of high specific speed comprising an axially

directed intake and discharge passage, guide
vanes in said axial intake for whirling the
fluid flowing therethrough,- and a high
specific speed runner disposed in said pas-
sage, said runner having a small number of

blades the area of which is not less than the.

disk area of the runner which receives and
discharges the flow axially and said blades
being inclined at a relatively small angle to
the plane of runner rotation in comparison
with the angle said blades have to a plane
‘containing the runner axis.

29. The combination in a hydraulic turbine
of high specific speed comprising an axially
directed intake and discharge passage, guide
vanes in said axial intake for whirling the
fluid flowing therethrough, and a high
specific speed runner disposed in said pas-
sage, and spaced from said guide vanes to
form a transition space of constant volume
throughout  turbine. operation, said runner
having a small number of blades the area of
which is not less than the disk area of the
runner which receives and discharges the
flow aixally.

30. The combination in a hydraulic turbine
of high specific speed comprising an axially
directed intake and discharge passage, guide
vanes in said axial intake for whirling the
fluid flowing therethrough, and a high specific
speed runner disposed i1n said passage and
spaced from said guide vanes to form a transi-
tion space, said runner having a small number
of blades which have a greater circumferen-
tial than axial extent and the area of said
blades being not less than the disk area of the
runner which receives and discharges the flow
axially, said blades also having a relatively
small angle of inclination with respect to the
Plane of runner rotation in-comparison with
the angle said blades have to a piane contain-
ing the runner axis.

31. The combination in & hydraulic turbine
of high specific speed comprising an axially
directed intake and discharge passage, guide
vanes in said axial intake for whirling the
fluid flowing therethrough, and a high
specific speed runner disposed in said pas-
sage, said runner having blades the area of

whichis not less than the disk aréa of the run--

ner which receives and discharges the flow
axially, said intake passage being a surface of
revelution contracting down to a point near
said runner. : :
82. The combination in a hydraulic turbin

of high specific speed comprising an axially

S

directed intake and discharge passage, guide

~vanes in said axial intake for whirling the

fluid - flowing . therethrough, “and- a high

specific speed runner disposed in said pas- -

sage, said runner having blades so arranged
that adjacent edges of successive blades. are
disposed relatively close to a common merid-
a1 plane .containing the runner axis.

83 The combinationin a hydraulic turbine
of high specific:speed comprising an axially
directed intake and discharge passage, guide
vanes in:said axial intake for whirling the
fluia flowing therethrough, and a high specifie

i
5]
"

unrer having blades which have a greater

circumferential than axial extent and are of~

such -an area that adjacent edges of succes-
sive blades are disposed relatively close to a
common meridian plane containing the run-
ner axis. : :
34. Thecombination in a hydraulic turbine
of high specific speed comprising an axially
directed intake and discharge passage, guide

vanes in said ‘axial intake for whirling the

fluid - flowing ‘therethrough, and -a  high
specific speed runner disposed in said pas-
sage, said runner having not more than six

unshrouded blades the area of which 1s not .

less than the disc area of the runner which
receives and discharges the flow axially and
said blades being inclined at a relatively

need Tunner disposed in said passage, said -
g
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small-angle to the plane of runner rotation in -

comparison with the angle said blades have to

a plane containing the runner axis.
pane o g the L
35. The combination in a hydraulic turbine

of high specific speed comprising an axially .

directed intake and discharge passage, guiide
vanes in said axial intake for whirling the
fluid” flowing * therethrough, and ' a’ high
specific speed runner disposed- in said pas-
sage, and a gate having a cylindrical wall dis-
posed in-the discharge side of said passage. -

86. The combination ina hydraulic tur-
bine of high specific speed comprising

%)
il

guidevanes in said axial intake for whirling
the fluid:flowing therethrough, and a high
specific. speed runner disposed in said pas-

‘sage; and'agate having a cyvlindrical wall dis-
posed in the discharge side of said passage 1

and movakble in a closing-direction toward the
turbine runner. - i

37. The combination in a hydraulic turbine
of high'specific speed comprising an axially
directed intake and discharge passage, gnide

~vanes:in said. axial intake for whirling the
fluid. - flowing - thersthrough; and a high

specific speed runner disposed in said . pas-
sage, and- a plunger gate disposed in the dis-
chargeside of said passage and movable in
a . closing” direction  toward - the turbine
runner. o
88. The combination in 'a high specific
speed turbine comprising a passage having

intake and discharge portions, vanes adapted

8-
ially directed intake and discharge passage; .
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to impart whirl to the fluid flowing through’

said intake which is of constant width during

either full or part gate operation, and an un-

shrouded runner disposed.in said passage and
» having a small number of blades which are
inclined at a smaller angle to the plane of
runner rotation than te a plane containing the
runner axis, the entrance and discharge edges
of adjacent blades being disposed relatively
15 close to a common meridian plane passing be-
tween said edges, said runner being spaced
from said vanes to form a transition space
in which the fluid whirls while the walls
thereof have the same spaced relation
thronghout operation of said turbine where-
by a transition space of constant volume is
chtained.

39. The combination inahigh specificspeed
propeller type hydraulic turbine comprising
a passage having intake and discharge por-
tions, said intake being of constant width
during full or part gate operation, means
adapted to impart whirl to the fluid flowing
through said intake and for effecting part-
o5 gate operations of said turbine including

vanes disposed in said passage and an un-
shrouded runner disposed in said passage and
having a small number of blades which are
of relatively greater circumferential than
0 axial extent thereby being disposed at a rela-
tively small angle of inclination with respect
to the plane of runner rotation, in compar-
1ison with the angle said blades have to a
plane containing the runner axis the entrance
35 and discharge edges of adjacent blades being
disposed relatively close to a common merid-
1an plane passing between said edges, said
runner being spaced from said vanes to form
a transition space in which the fluid whirls
40 while the walls thereof have a fixed spaced
relation throughout all turbine operations.

40. The combination in a high specific
speed hydraulic turbine comprising a pas-
sage having intake and discharge portions,
vanes adapted to impart a whirl to the fluid
flowing through said intake which is of con-
stant width, and an unshrouded runner dis-
posed in said passage and spaced from said
vanes to form a transition space in which the
50 fluid whirls before engaging said runner, the
walls of said space having the same spaced
relation and the width of said intake being
constant throughout operation of said tur-
bine, said runner having a small number of
blades which are disposed at a relatively
small angle of inclination with respect to the
plane of runner rotation, in comparison with
the angle said blades have to a plane contain-
ing the runner axis, said blades having an
60 area substantially equal to the disk area be-

tween the runner hub and a circle at the

blade tips.
LEWIS FERRY MOODY.
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