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'UNITED STATES

. 1583415
PATENT OFFICE.

L_EWIS'FERRY.MOOD_Y, OF PHILADELPHIA, PENNSYL’VAHIL

. HYDRAULIC TURBINE.

Application flled June 98, 1918, Serial No. 242,361,

-To all whom it may concern: . :
Be it :known that I, Lewis Frrry Moopy,
a citizen ‘of the Uuited States; residing at
Philadelphia, in the county of Philadelphia

8 and State of Pennsylvania, have invented

certain new and wuseful Improvements in
Hydraulic “Turbines, of which. the follow-
ing is a specification.
The principal object of my invention is to
rovide a new and improved hydraulic tur-

provide an improvéd hydraulic turbine that
-shall be well adapted-for operation at high

.-specific.speed under comparatively low head.
O i

1 another object has to do with regiilat-

‘ihgthe flow of water through such a tur- .
- bine,...These and various other objects of my

invention will become apparent on consider-
ation of a disclosure of a limited number of

20 gpecific’ forms in which -the invention may

be embodied as set-forth .in the following
. specification taken with the accompanying
“-drawings..- It will be understood that fur-

“ ther-modifications than those shown in the

drawings can be made that will fall within
" the scope of my invention.
Referring to the drawings, . . :
Fig. 1. is an axial section of a vertical
shaft turbine embodying my invention; .
Fig. 2 is a horizontal section on the line
2, 8 of Fig. 1, the plunger gate being re-
moved ; '
Fig. 2* is a section corresponding to Fig.
.2 but showing a modification. :

Fig. 2 taken on the same line but on a re-
duced scale; = . ’
. Fig. 4 is a reduced scale section taken on
the line 4 of Fig. 1; :
Fig. 5 is an axial séction of a horizontal
shaft’turbine embodying my invention.
Referring to the modification shown in
‘Figs. 1 to 4, the vertical shaft 11 is carried
- in the upper bearing 12 and the lower bear-

13 extending across the pit, and the'lower

bearing 14, which is of Lignum vitae, is set

in the apex of the conical member 15 which
rests on the concrete base 16. . :

carries a_circular bronze bushing 18 at its
lower end.. 'The smaller co-axial cylinder 19
_hangs: from ‘a flange 20>Which rests on the

& hdqéﬂl;‘ At its lower end-the cylinder 19
™ is‘closed across by the conical wall 22, at the
. 9dge of which s an axternal ¢ircular bronze

gine.' Another.object of my invention is to-

Fig. 3 is a more extended section than in -

ing 14. - The upper bearing 12 is in a frame’

- The cylindrical frame 17 lines the pit and

bushing 24. Between the bushing m;ambem‘

/

18 and 24 is the movable cylinder 25 having |

the flange 26 at its upper end carrying s
bronze bushing 27 in engagement with ths
inside face of the cylindrical wall 17, The
cylinder 25 is closed across at the botiom by
the flatly conical wall 28 which ks » hole

at the center with s bushing 29 on the inside
face thereof. The wall 22 carvics & sleeve @

23 with packing around- the shaft 11 and
from this sleeve 23 extends a tube Svgith a
clearance 81 around the shaft 11, The bush-

89

ing 29 engages the outer surface of th& tube .

30. Holes 32 in the conical wall 28 provide
for an approximate equilibrium of fluid
pressure on both sides of said wall 28,

The cylindrical liner 17 is supported by
the circumferential row of guide vanes 33
which stand on the ring 85. This ring 35
carries a bronze seat 36 adapted to be en-

78

gaged by the bushing 34 around the cutside

lower edge of the plunger 28—25. Standing

up from the base 41 of the cone 15 are stay ‘E@

vanes 40 which carry a crown ring 39 on
Wwhich rests the base flange 88 of the ring
35, and the exposed surfaces of the ring 35
and crown ring 39 form a surface of revo-
Iution gradually curving and: flaring down-
ward and outward from = point of minimum
diameter adjacent the Tunner 45.

Ports 37 and 37 in wall 17 msy admit
pressure fluid to act against snnular piston
26, or may exhaust such pressure fiuid as the
case may be. : '

The water flows to the turbine through
the conduit 42 and enters the contracting
volute inflow passage 43 so that it iz de-
livered ‘with a whirling motion and with in-
creasing velocity to the vanes 88. . These
vanes 33 function both as guide vanss and
stay vanes. They areinclined tocorrespond-
ing radii as shown in Figs. 2. and 8 and in

the particular form shown in this drawing’
are more nearly perpendicular to said radii .

at their lower ends than at their upper ends
and change their inclination gradually be-
tween the two extremes. See also Fig. 1,

where the reference character 83" indicates
In the.

a single vane as seen in elevation.
modification shown in Fig. 2 the vanes have
their parts at various heights inclined alike
to the coresponding radii. The inner edges
of the vanes 83 are close to the outside sur-
face of the cylindrical plunger 25 when the
latter is Jowered to make the bushing 84 en-
gage the seat 84
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The space to which the guide vanes 83 de-
liver the water is designated 44 and helow
this are the runner vancs 45 carried by the
shaft 11. As the water leaves the runner
vanes 45 it enters the space 46 around the
apex of the cone 15 and passes between the
stay vanes 40 to the volute discharge cham-
ber 47. The vanes 40 are primarily stay

vanes, but are placed at a2 suitable angle to.

corregponding radii so as to offer a minimum

_ resistance to the water, which traverses the

chamber 46 with a whirling movement.

 Thess vanes 40 are preferably fwisted some-

"iB

29

what like the intake guide vanes 83 but more
nearly perpendicular to the radii at their
upper end than at their lower ends. See
Fig. 4 and also reference character 40 "in
Fig. 1 where & single vane appears in eleva-
tion.  The volute conduit 47 receives this
water in this natural whirling direction and

.conducts it in paths of expanding cross-

. section so as everywhere to reduce its veloe-
. ity and deliver the integral stream to the

25

.30

"culation of cooling water

~wall 28 of the plunger gate 28—25.
- whirling water engages the vanes 45 thersby

outflow conduit 48.

The-pipe 49 conducts water from the in-

flow conduit'43 and causes it to flow into the

lower end of the bearing 14 and upward

through thelbearing, thus furnishing a cir-
through the bear-

ing and out, preventing any accumulation of

" sand or other foreign matter in that bearing.

" The water flowing to the turbine through
the conduit 42 enters the volute inflow cham-
ber 43 where it is accelerated, its potential
energy being converted into kinetic energy
of whirl as it is delivered through the guide
vanes 83 fo the space 44 beneath the cox%ﬁgl

is

impressing a torque on the shaft 11 and
causing it to rotate and to develop power.
As the water leaves the runner vanes 45

“wand enters"the-space 46 it may refain Some

80

60

.45 degree of whirling velodity. In the expand-
' 45 'in%. volute chamber 47 this whirling velocity
- will

be transformed into pressure head by
the reduction of velocity ‘due to increasing
crogs section, and to this extent back pres-
sure will be taken off from the chamber 46,
increasing the portion of the total head
which is effective upon the runner 45.

A3 the water passes the vanes 33, its di-
rection of flow is made up of two compo-
nents, one radially inward, the other hirl-
ing, hence according to the commonly used.
form of expression, theve is  radial inward
flow at this place. Where the water engages
and passes the runner vanes 45, the compo-
‘nents of direction of flow are parallel o the
axis and whirling, hence Here the flow is
csaid to be axinl. Where the water departs
‘past the vanes 40.the divection components
are radially outward and whirling, hence
gere the flow is said to be a radial outward

OW.

_direction 2long a surface

3,415

The turbine is regulated by varying :tfxe
magnitude of the stream of water flowing
therethrough. For a normal load the

plunger gate 28—25 will have about the posi- -

tion shown in Fig. 1 and will be raised for
an overload or lowered for a partial load.
When it is lowered it decreases the annular
inflow opening to the space 44 defined by the
inner edges of the vanes 33. As described
heretofore, the guide vanes 833 may be formed
so that the passages between them are of a
section varying from top to bottom. As

shown in the drawings, particularly Fig. 2,

the inflow openings between consecutive
“vanes decrease in width from the top to the
bottom and the angle of admission of the
water in relation fo corresponding radii in-
creases from the top to the bottom. The
purpose in admitting the water more nearly
in a’'radial divection at the top is because

111

75

8¢

this water composes the upper stream ele- -

ments entering the center portion of the
runner at normal gate operation (see Fig. 1).
" The water 'is admitted more nearly in a
tangential direction. at theé bottom of the
vanes 33 and ‘thus is given a large amount

90

of whirl abont the axis of the runner and -

enters the outer or peripheral portion of
the runnér (Fig. 1) which, imoving at a
higher we’ =ity, reguires a correspondingly
increa % - locity of whirl.~ dn closing the
gate, the average effective width of the pas-
sages between.the guide vanes diminishes as
~the gate approaches its seat so that the
change in shape of the guide vanes produces
a condition approximating ito that due to
pivoted mpvable guide vanes as commonly

100

employed, and in addition there is given a -

reduction in the axial width of

SR the ‘entrance
space as the ghte 18 closed. v

106

Inthe form of plunger showh in the draw-..

ing, the guiding' surface 28 in contact with
“the water flowing to the runner is shaped ag
a’ comparatively flat cone, having but little
curvature in the portion near the axis as’
viewed -in cress-section, By avoiding ‘an
axial elongation of this wall such as would
- be required to guide the water into the axial
: of curved cross-
" section, it is possible to réduce the distance
at which-the runner must be placed below the
§uide vane orifices to permit:the plunger to.
e closed. The water
mitted -éo follow its own free path. The
form of the water passage thus provided be-"
tween the guide vanes and the runner is con-
sistent with non-turbulent stream line flow,
a'nc’% in agreement with hydrodynamic prin-
ciples..
42, 43 is directed radidlly and axially with
.& proper component of whirl into the trinsi-

The water from the inflow chamber .

10

115

in the space 44 is per- -

iz2o

125

tion space 44 where it is transformed into a

single rotating axially progressing stream.
The upper elements more remote from the
runner are- carried more’ pearly cemiral,
- " . - : . v

is
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When twisted guide vanes are used, as in
the arrangement shown in Figs. 1, 2 and 3,
the upper elements are carried with a smaller
velocity of whirl while the lower, nearer ele-
ments of the stream are carried at higher
peripheral velocity and intermediate points
merge between the two, There are no cross-
ings in the stream lines and eddies and cross
currents are avoided. The stream as a whole

in this transition is formed into ‘a solid '

whirling mass directed axially against the
runner in a most efficient manner. - In regu-

lation the guiding end of the gate follows

the inflow, varying the transition space to
meet the changes in flow and maintaining
always conditions approaching maximum

- efficiency. :

20

25

30

The annular space 46 is contained be-
tween the flaring conical core or cone 15 and
the outer surface of revolution formed by the
exposed surfaces of ring 35 and crown ring

39. In this space 46 the flow passes from the

runner 45 to the discharge passage 47. The

-outer wall formed by rings 35, 39 is there-

fore a draft tube flarinig downward and out-
ward to a maximum at its outlet end where
it discharges into the discharge 47. -The out-
wardly flaring form of this draft tube wall
permits it to discharge into' the space 47
within a short distance. from the runner 4b

* so that the draft tube is of comparatively

40

43

short length; into it the central core 15.ex-
tends from below, that is from the direction
of its' flared outlet end, and the core 15 is
disposed centrally in the draft tube and ter-
minates close to the center of the runner 45.
In the annular space 46 between the otiter
draft tube surface and the inner core 15 the
flow passing from the runner 45 to discharge

.space 47 is in the form of a hollow annular
column around the central core 15 and ex-

panding in cross sectional area in the direc-
tion of flow. :
The raising of the gate 28—25 is accom-

plished by the admission of pressire fluid

. through port 37 below the annular piston 26

50

60

65

in the annular cylindrical space between
the stationary wall 17 and the movable wall
25. Reciprocally the lowering of this gate
is effected by admitting the pressure fluid
through the port 87/ above the annular pis-
ton 26.. ‘When prossure fluid is admitted at
one port 37 or 377 it is exhausted at the other
port 37/ or 87. The pressute on the’head 28
1s balanced by virtue of the holes 32.
The gate mechanism here “disclosed is
much more rugged in structure than can be
obtained when the wicket gates are used ; the
risk of breakage from trash, ice, or other
obstructions is greatly reduced; and it is rea-
sonably assured that the gates can easily be

closed at any time without obstruction from.
accumulated trash. This form of gate pro- -

vides for much tighter closure than is possi-

ble with wicket gates, the bushing 34 engag-

_the base 4

ing the seat 86 to-effect a tight elosure, so
that it will not. ordinarily be.necessary to
close the head gates dcross the conduit 42 or
to employ brakes to stop the turbine after
the turbine gate is closed, ‘
Among the advantages of my improved
construction, in addition to the simplifica-
tion and certainty of operation of the regu- .
lating gate are the following. A simpler
form of rumner vane surface can be used
than in other types of high speed turbines
and this gives an advantage in design and
manufacture. The runner can be made of
lighter weight than in other types of tur-
bines, thus reducing the weight of the
rotating parts and reducing the load on the

‘thrust bearing. Only a comparatively small

number of vanes are necessary in the runner.

.The spaces between the runner vanes may be
-large so as to reduce the risk of clogging by

trash, The blades of the runner have rela-
tively small inclination with relation to a
radial plane, that is a plane perpendicular
to the axis, and they have a relatively large
inclination to a meridian plahe, that is, a
plane . containing ‘the axis. The edge of
the runmer blade is an inclined line, the
vertical component of which s shown in
Fig. 1, while its horizontal extent is shown
in the remaining figures, sowthat its vertical
extent’ is much less than its horizontal ex-
tent, and the general.plane ‘of the blade

70

75.
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has an inclination to a radial plane, which -

1is less than that to a meridian plane.’

I desire to direct attention to the manner
in which the construction shown in.Rig. 1
supports the various elements,  The pit liner

-or cylinder 17 stands on the circularly ar-

ranged vanes 33, which from this point of
view serve as stay vanés.  These stay vanes
33 stand on the ring 35 which in turn
rests on the crown ring 39, and this is sup-
ported by the stay vanes 40 which stand on
of the cone 15 upon the con-

crete base 16.. .. : : :
In the mddification shown in Fig. 5, the
shaft is horizontal and the gate is on the
discharge side of the runner. The horizon-
tal shaft 51 is'in the bearing 52 supported
in-the fixed cylinder 54-which has its flange
55 bolted to the liner 56 supported in the
concrete structure 57. Another bearing is
provided in the head 59 supported by the
vanes 60 in the casing 61. The shaft 51
carries the runner vanes 63. Water enters
through the conduit 62 from the right and
is given a whirling' motion byithe vanes 60
which are curved for this prapose. . The

“velocity is also increased by the convergence

of the passage within the casing 61. The
runner vanes 63 are of the same general de-
sign as the runner vanes 45 in Fig: 1.. ,

At its end the cylinder 56. carries & ring
65 exténding from which are the stay vanes

68 with their opposite ends connected with

100

105

110

120

125




.the ring 64 which is bolfed to the casing 61,

10

Around the stay vanesif8:is the volute dis-
charge chamber 66 of increasing cross-section
across the lines of flow so as to decrease
the velocity of the water discharged from
the runner 638 and deliver it with reduced
velocity into the draft tube 67. .~
The Elunger gate 69—76 has the cylindri-
cal wall 69 with the flatly conical wall 76
across its end. | The inside edge of the ring
65 carries a bronze bushing 70 engaging the -

- cylindrical surface 89 and the end of the

cylinder 69 has a piston-flange 71 with a
bronze bushing 72 engaging the inner face

-of the cylindrical liner 56. : The tube 73

is supported from the wall 53 with a slight
clearance 74 around the shaft 51 and the end
wall 76 has a bronze bushing 77 engaging
the outer surface of the tube 73. A bronze
weat and bushing are alsc shown at 75 to

~ facilitate a tight closure of the gate.

© In the modification. of Figure 5, there is
no perforation in the head 76 (such as at 32
in the head 28 in Fig. 1), so that head 76

5 is subject at all times to the pressure at the

left of runner 63, whatever that pressure

-may be, Pressure fluid admitted through
. 'port 78 acts'on the annular piston 71 and is
. supplemented by the pressure on head 76

a9

Py
=

_ -utilized to operate the gate,
40

to move thg gate to the left. On the con-

; trary, fo .close the gate, pressure fluid is

admitted through port 78" and acts to the
right on the whole annular piston 71—76
between cylinder wall 56 and sleeve 73.
‘When -pressure fluid is admitted at one port

78 or. 78, it is exhausted at the other port -

78" ¢. 18. 'The pressure of the water in the
penstock may under suitable conditions be
In both types of turbine here shown, the
plunger gate is arranged so that it may read-
iy be withdrawn in an axial direction for
purposes of replacement or repair without’

_disturbing the parts set in the concrete. Re-

© 45

ferring to Fig. 1, such removal of the plun-
ger gate 25—28 may readily be effected b:

- removing the cover casting 19, together wit
- the parts attached to it, namely, the bear-

ing frame 13 and the sleeve 80. These parts
might be arranged to be removed over the
upger end of the'shaft 11, leaving the shaft’
and runner in place, or the shaff and run-

“ner themselvés could be withdrawn. In any

case the pit liner 17 with the speed vanes 33,
the liner 35 and the bushing 36 would not
be disturbed, nor would the draft tube stay

~-vane structure. comprising the vanes 40,

[2Y

%]

need to be disturbed, nor the lower guide
bearing 14. ' kS
2 I elatm— - . : S
1. In" a hydraulic turbine, a runner of
axial flow type, a radial flow .conduit -af
one end of said runmer and coaxial there-
with, and a co-axial cylindrieal gate across
-52id " conduit. R R

in which said

thereto. .

1,683,416 .

2. In a hydraulic turbine, & runner of
axial flow type, a radial flow ‘conduit at one
end of said. runner and coaxial therewith,
and a co-axial cylindrical gate across said
'cm&dgi,t, said gate having a wall across iis
end.

3. In a hydraulic turbine, a runner of

axial flow type, a radial flow conduit at one

end of said runner and coaxial therewith,
a co-axial cylindrical gate across said con-
duit, and vanes across said radial flow con-
duit outside said gate and adjacent there-

to when the gate is in its closed position.

4, In a hydraulic turbine, a runner of
axial flow type, a radial flow conduit at
one end of said runner and coagxial there-
with, a co-axial cylindrical gate across said
conduit, and vanes across said radial flow
conduit outside said gate and adjacent.there-
to when the gate is in its closed position,
said gate having a wall across its end... ™

5. In a hydraulic turbine, a runner-of
axial flow type, a radial flow: conduit~at
one end of said runder and coaxial there-
with, and a co-axjal cylindrical gate across
said conduit having a closing  wall formed
as a surface. of revolution across its end.

6. In a hydraulic turbine, a runner of
axial flow type, a radial flow conduit at one
end of said runner and coaxial therewith, a
co-axial cylindrical gate across said conduit
having a wa'l across its end, and guiding
means at the entrance to said conduit, out-
side of said cylindrical gate in its closed
position. : '

7. In' a hydraulic turbine, a runner of'

axial flow type, a radial flow conduit at one

70

(4]

80 -

85

85

160

end of said runner and coaxial therewith, a -

co-axial cylindrical gate across said conduit,
an annular piston extending from said cylin-

drical gate and a fixed hydraulic cylinder
iston can operate. B

8. In a Ahy(fraulic ‘turbine, a runner, of
axial flow type, a tadial flow conduit at one

“end of said runner and coaxial therewith
a’ co-axial cylindrical gate. across said -

and
conduit, said conduit being of expanding
cross section across the stream elements for

-sections more and more remote from' the

runner. N .
- 9. In a hydraulic turbine, a Tunner of
axial, flow type, a radial flow conduit at one
end of said runner and co-axial therewith,
and a co-axial cylindrigal gate across said
conduit, said conduit being in the form of
a_vohite of expanding cross section for sec-
tions more and mere rerote from ths runner.
10. In a hydraulic turbine, a rumner of

axial flow type comprising unshrouded run- .
ner vanes fixed on said shaft and a plunger

gate coaxial with said runner, said plunger

gate being substantially eylindrical and hav-"

108

110

118 -

120

ing a transverse end wall and being movable -

along the axis to control the water supply

f
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[41. In a hydmuhc 'tpxl*bine‘, ‘2 runner of

axiai flow type comprising unshrouded run-
nepr vanes fixed on said shaft, a co-axial ra-

.- dia} flow conduit at one end of said runner
and a co-axial. cylindrical gate across said

conduis, . ,

12, In a hydresulic turbine, a runner, a
single cylindrical plunger gate with .trans-
verse end wall coaxial therewith and mov-
able lengitudinally with respect to the axis
to regulate the flow through the runner, a co-
axial hydraulic cylinder and a piston in said
cydinder directly connected with said gate.

13, In & hydraulic turbine, a runner, a
single gate co-axial therewith and movable

longitudinally with respect to the axis to

regulate the flow through the runner, a co-

axial hydraulic cylinder and an annular

flange on sald gate within
serving as a piston. _
i4. In 8 hydraulic turbine, a runner, a

said - cylinder

cylindrical gate co-axial therewith and mov--

able longitudinally tc open or closed posi-

tion, an annular fange on said gate to serve

as o piston, a fixed cylinder and correspond-
ing cylinder heads around said piston, and
ports ab the ends of said cylinder for the
admission or exhaust of pressure fluid.

15, In a hydraulic turbine, a runner of
axial flow type, a conduit leading to the

rphner, means in said conduit to give the .

water a whirling approach to the runner

with Incressing wvelccity, a conduif lead-:

ing away from the runner, means to guide
the water in & whirling direction in said last

- named conduit and with decreasing velocity,

40

Ty

- type, and a co-axial cylindrical

one of said conduits bei i
gate across
said radial flow condait, e

16. In a hydrsulic turbine, a rummer of -

axziil flow type, & radial flow conduit at one
end of said Tunner and coaxial therewith,
and fixed twisted vanes around. the axis par-

- gllel therewith and across the conduit. . -

17. In & hydrsulic tarbine, a runnep.of
axial flow type, z radial flow conduit ab one

“end.of said runner and cosxial therewith,
Axed twisted vanes around the axis parallel
-therewith and across the conduit, and & co-

. axial cylindrical gafs within said vanes,

“+38.In a hydraulic turbine, a runner of

~pxial flow type, a radial flow conduit af one
vy pe,

53

80

-at points more remote

end -of dai

‘and fixed twisted radial flow vanes around

the axis'parallel therewith and across the
conduit, said vanes being more nearly radial
from the runner.
19, In a hydraulie turbine, a conduit en-

elosed. by a casing and comprising a radial

flow portion, an.axidl flow.portion, and 4

transition Space surrounding the comuion.. '
“and ‘means around said gate to turn the

axis in which the flow changes from radial

{0 axial; inward flow guide vapes .in said-

radial flow portion, an axial flow runper in

of radial flow. ga .
© 25, A hydraulic turbine having a gate in

runner and coaxial therewith, )
“being axially movable within said guide

v‘.’ﬂﬂﬂf'

gate forming a boundary wall for said tran-

sition space.. ' :
20. In a bhydraulic turbine, a runner, a
cylindrical plunger giate around the runmner
axis with a. transverse end wall toward the
tunner and spaced therefrom, a fixed casin,
member within which said gate is fitted,
and a head cover detachaby connected across
the casing beyond the gate from the runner,
whereby upon removal of said head cover

70

15

the gate can be removed from within said

casing member. » R
21. In a hydraulic turbine, an axial flow
runner, radial flow guide vanes, and a flatly

conical deflector to engage and deflect water 80

Hlowing through and between said runner

and vanes, _ ,

22. In 'a hydraulic turbine, an axial flow
runner, radial flow guide vanes, and a flatly
conical deflector adjustable longitudinally
with respect to the runner axis and adapted
to éngage -and. deflect water flowing through
and between said runner and vanes.

23, In a hydraulic turbine, an axial flow
portion, -a- co-axial radial flow portion, a
traznsition space interposed between them
4nd a co-axial cylindrical plunger gate hav-
ing a head which forms a boundary wall for
sald transition space. . '

24. A hydraulic turbine having a gate in
the form of g cylinder with an end wall rig-
idly united t%e_reto and formed as a surface
of revolution, said gate being capable of reg-
ulating - the flow -through the turbine by
opening or closing with axial movement, and
inward flow guide vanes surrounding said
gate:and closely ddjacent thereto. '

the form of a cylinder with an end .wall
rigidly united thereto and formed as a sur-
facé 'of revolution, said gate being capable

-of regulating the flow through the turbine

by opening or closing with axial movement.

the form of a cylinder and an end wall

rigidly united thereto and formed as a sur-

face. of revolution said gate being axially

"movable within said guide vanes.

27. A hydraulic turbine having -inward

flow guide vanes and a regulating gate in

the form of a cylinder and. an end wall
formed as a surface of revolution, said gate

ez, aid fluid pressure means to move said
gate, - .
In a hydraulic turbine, a runner of
axial flow type comprising unshrouded run-

‘ner vanes fixed on said shaft, a plunger gate
.coaxial with said runner and movable along !

85

90

95

100

108

.26, A hydraulic turbine having inward -
flow-guide vanes and a regulating gate in

110
118
120

125

the axis to control the water supply thereto,

water into .2 direction having a tangential
component on its way to the runner.

4 gpid axial flow portion, and a coaxial plunger . 29. The method of utilizing the energy of 130
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water under head which consists in directing means for guiding the flow inwardly to-
its flow .inwardly and axially and. with & ward an axis, means for turning the flow
whirling component varying at different toward the axial in a transition space, and
parts of the stream, forming it into a single means for moving one of the surfaces of
rotating axially advancing stieam, directing said transition space to vary the size of said
this stream against a suitable rumner, ab- tramsition space to control the fiow there-
-sorbing & part only of the whirl energy by through. v '

the runner, and absorbing snother substan-  36. In a hydraulic turbine the combination

tia] part of the whirl energy of the water with an unshrouded propeller type runmer
(]

after leaving the runmer by reducing its receiving the flow in a nearly axial direc-
velocity by expanding 1is cross :section, - tion, of an intake passage guiding the flow

30. In a hydraulic turbine, the combina- inwardly and with a whirl around the agis,
tion with an axial runner chamber, and & means forming a transition space guiding

" coaxial radial inflow chamber, of an inter- the flow from szid inwardly.directed intake

i 4]

mediate transition space directly connecting .tp said runner, and an axially movable gate “80

said chambers, means for griding the flow moving across said transition space to con-
into said transition space so that it will form trol the flow. - : A

a whirling axially progressing stream in - 87. Xn . hydraulic machine the combina-
said axial runner chamber, and means for tion with a rotor, of a passage communicat-

moving, a wall of said transition space o ing with said motor comprising radial and

control the flow therethrough. axial flow portions comnected by a transi-

31. In a hydraulic turbine the combina- tion space at least one side of which is-

tion with a coniracting volute inflow pas: bounded by a surface connecting said radial
sage directing the flow inwardly at an angle and axial flow portions, and means for rela-
to the radii of a central axis, a transition - tively moving the bounding surfaces of said
space receiving said flow and turning it trapsition space to expand or contract the
from radial to axial, a substantially axial latter and to control the flow through said
flow runner adapted to abstract only a por- rotor. . v L

tion of the whirl from -the flow, a radially 38. In a hydraulic turbine the combina-

ating the flow so as-to convert the velocity the flow thereto comprising an entrance
head of both meridian and whirling com- space one side of which forms a surface curv-
ponents - into effective pressure head. _ing from the radial to the axial direction,

32. A hydraulic turbine structure compris-. gnd means for relatively moving the sur-.
ing a fixed cylindrical liner tube, a movable faces of said entrance space to expand or *
plunger gate within said tube, a central ro- contract the latter and control the flow

tatable runner shaft, a cover plate, and pres- through said turbine. : .
sure means between said limer tube and = 39, In a hydraulic turbine the combina-
said plate for moving said gate, said liner fion with a runner and guide vanes in ad-
tube being greater in diameter thin any of vance of the runner, of a contracting in-
said movable parts and said cover being de- " fiow passage so formed at its lower surface
tachable to permit ‘easy removal of all o as to direct the flow to the guide vanes in
said movable parts. v directions contained in a plane mnormal to
38. In a hydraulic turbine a runper, a the turbine axis and in line with the lewer
cylindrical plunger gate around the runner edge of said guide vanes. ,

- axis and free from engagement with the run-  40. In a hydraulic turbine ‘the combina-

ner, a fixed casing member within which tion with a runner and guide vanes in ad-
such gate may be reciprocated in the direc- *vance of the runner, of; a confracting in-
tion of the axis and a head cover élétacha?ﬁy flow passage so formed at its lgwer surface
connected scross said casing member beyond ~as to direct the flow to the guide vanes ra-
the gate from the runner, whereby the gate: dially inward in directions contained in a

- may be removed from the casing upon re- plane normal to the turbine axis and in line
moval of said head cover. with the lower edge of sald guide vanes,

34. In a hydraulic turbine the combina- said inflow passage being adapted to impart
tion with a runner, of an intake passage for to the entering flow a whirl arcund the axis
the  flow thereto comprising an ‘entrance of the runner.

expanding annular outflow passage deceler- tion with a runner, of an intake passage for “»

100
108
110
s

180

space in advance of said runner, and means 41, The combinatign with a hydraulic

for relatively moving the surfaces of said en-  turbine having a radial entrance flow pas-

" trance space to expand or contract the latter sage and means for turning the flow toward

60

and control the flow through said turbine, an axial direction, of ‘an axial flow un-
comprising an annular plunger and fluid shrouded runner with blades overlapping to
pressure operated means for moving said a small extent so as to have a blade area
plunger, : ~ equal to the disk area of the runner viewed

35. Apparatus for regulating the flow in a direction along the axis. )
through a hydraulic turbine comprising 42 The combination with a hydraulie tur-

)
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bine having a radial entrance flow passage

and means for turning the flow toward dn

axial direction, of an axial flow unshrouded
runner with blades overlapping to a small

extent so as to have a blade area equal to.

the disk area of the runner viewed in a di-
rection along the axis the runner blades hav-
ing ap-inclination to a radial plane less than
the inglination of said blades to a meridian
plane. ' s
43, The combination with a hydraulic tur-
bine having a radial entrance flow passage
and means for turning the flow toward an
axial direction, of an axial flow unshrouded
runner with blades overlapping to a small

-extent so as to have a blade area equal to
the disk area of the runner viewed in a di-

rection along the axis, the runner blades hav-
ing an  inclination to a radial plane less
than 30°. S

44, In a hydraulic turbine an -entrance

conduit comprising a radial flow inlet por-

tion having guide vanes-therein, a vane:
free transition space extending inward from
said vanes and turning the flow toward an
axial direction, and an axial flow runner re-
ceiving the flow from &aid transition space
and comprising unshrouded blades overlap-
aiong the axis of the runner. ' ;
45. In a hydraulic turbine, a conduit en-
closed by a casing snd comprising a radial
flow inlet portion having guide vanes there-
in, and an axial flow portion, a vane-free

- transition space extending from-said radial
- flow portion to a point in said axial flow por-:
tion beyond the inlet thereof and in which -
the flow changes from radial to axial and

axially advances, and an unshrouded axial

flow runper with blades overlapping to a

small extent so as to have a blade area equal
to the disk area of the runner viewed in a
direction along the axis. :

46. In a hydraulic turbine, a conduit en-

. closed by a casing and eomprising a radial

flow ‘inlet portion having guide vanes there-
in, and an axial flow. portion, a vane-free
transition space extending from said radisl
flow portion to a point in said axial flow por-

tion beyond the inlet thereof and in which.

the flow changes from radial to aXial and
axially -advances, an axial flow runner axial-
ly beyond said point in said axial flow por-
tion, and adapted to discharge the flow with
a whirl, and a draft tube receiving the flow

. from ‘said runner and adapted to convert

60

both axial and whirling velocity components
of the discharge into pressure head.

47. The method of utilizing the energy of

water under head which consists in directing
its flow inwardly from all sides so that the
water in a plane normal to-a commdn axis
and at all points’equidistant from that.axis

has a radial component and a whirling com--

ponent "of substantially constant value,

" head in a suitable draft tube.

ping to a small extent viewed in a direction -

soli;l
‘alofg the axis,
‘thréugh a suitable runner so that said stream

7

;c}.ianging ‘the:_.r'adial components to axial .
“direction but preserving the whirling com-"
-ponents so as to produce a solid stream

whirling about and: advancing along
said axis, passing thisstream axially through 76
a suitable runper adapted to discharge the

flow with a whirl and converting both the .

axial and whirling velocity components. of:
the discharge from the runner into pressure

48. The method of utilizing the energy
of water under head which consists in di-
recting its flow inwardly from all sides so
that the water in s plane normal to a com- .
mon axis and at all points equidistant from 89
that axis has a ragial component and a . '
whirling component. of substantially con- .-
stant value, changing the radial components '
to axial direction but preserving the whirl-
ing component so as to produce a solid 88
stream- whirling about said axis, then ad- -
vancing said solid stream along ‘said axis,
passing thib stream axially through a suit-
able runner so that said stream will whirl
as it leaves the runner and converting both 99
the-axial and’ whirling velocity components
of ‘the discharge from the runner into preg-
sure head In a suitable draft tube. :
" 49. The method of utilizing the energy of =
water under head which consists in’ direct- 95
ingl its flow inwardly from all sides with
radial and whirling components with re- .

:

" speft-to a common axis, changihg the radial

components to axial direction but preserving

-the ‘whirling component so as to produce a

stream whirling about and advanecing
assing this stream axially

will whirl as’it leaves the runner and con-
verting both the axial and whirling velocity 108
comiponents of the discharge.from the run-
ner into pressure head in a suitable draft tube.

50. The method of utilizing the energy of -
water under head which consists in direeting
its flow inwardly from all sides with radial 116
and whirling components with respect to - -

_a common axis; changing the radial compo-

nents to axial directipn but presefyving the, -
: T

whirling component so as to produce a solid’.

stream whirling about the axis, thén advane- 115

ing said solid streain along the axis, passing

‘thi$ stream axially- through a_suvitable run-

ner go--that said stream will\whirl as it

leaves the runner and converting both the-

axial and.whirling velocity components of 120
the discharge from the runner into pressure
head in a suitable draft tube. C

" 51. The method of ufilizirg the energy of

water under head which comprises, direct-
ing a stream of water inwardly {from all 125
sides with radial and whirling components
with respect to a common zxis, changing the
radial components to- axial direction but
preserving i whirling component so ag 1o~
produce a swild whirling stream, then ad- 430

L&
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‘? vancing said solid stream along said-axis,
passing this stream axially through a suit-
able-runner so thatssaid stream will whirl
ag it leaves the runner and converting both
the axial and the whirling veélocity com-

. ponents of the discharge from the runner

10

inte pressure head in a suitable draft tube.
" 52. The method of utilizing the energy of
water under head which comprises, direct-
ing ‘& stream of water inwardly from all
sides towards a common axis so that the
water in a plane -normal to said common

"~ axis. and at all points equidistant from

< 18

20

35
<0

45

said axis has a definite angular direction
of flow with radial and whirling components

changing the radial components to axial di-

“rection but preserving the whirling compo-
_nent so as to produce a solid stream whirl-
ing about and advancing along said axis,
passing this stream axially through a suit-
able runner so that said stream will whirl

as it'leaves the runner and converting both

the axial and whirling velocity components
of the discharge from the runner into pres-
sure head in a suitable draft tube.

58, The method of utilizing the energy of -

water under head which comprises, direct-
ing a stream of water inwardly from all
sides towards a common axis so that the
water in a plane normal to said common axis
and at all points equidistant from said axis
has a definite angular direction of flow with
radial and whirling components, changing
the radial components to axial direction but
preserving the whirling component so as
to produce a solid stream whirling about
said axis, then advancing said solid stream
along said axis, passing this stream axially
through a suitable runner so that said stream
will whirl as it leaves the runner and con-
verting both the axial and whirling velocity
components of the discharge from the run-
per into pressure head in a suitable draft
tube. . A

54, In a hydraulic turbine of high specific

" speed, in combination with  an " intake

50

£6

* largest diameter of the runner and blades.
6 overlapping when viewed in the direction

a5

sdapted to impart a whizl to the flow and

deliver it axially to the runuér; of an axial .

flow runner having not more than six blades
overlapping when viewed in the direction
of the axis, a stbstantial portion of the en-
trance and discharge edges of said blades
Leingshaped as straight lines. '

55. In a hydraulic turbine of high specific
speed, in combination with an intake
adapted to impart a whirl to the flow and

deliver it axially to the runmner, of an axial:

flow runner having a hub less than half the

of the axis, the entrance and discharge edges
of each blade being joined to the blade tips
by continuneous curves.

“56. In a hydraulic turbine of high specific
speed, in combination with an. intake

being curved 1n axial projection.

“axial : )
59. In a hydraulic turbine of high specific -

1,588,415 °

adapted to impart a whirl to the flow and -

deliver it axially to the runrer, of an axial
flow runner having a hub less than half
the largest diameter of the runner and
blades overlapping when viewed in the di-
rection of the axis, a substantial portion of

the entrance and discharge edges of said.

blades being shaped as straight lines, and
a substantial portion of the tip of each blade

57. In a hydraulic turbine of high specific
speed the combination with
adapted to impart a whirl to the flow and
deliver it in generally axial directicn to the
runner, of an unshrouded axidl flow runner,
having a small nunber of blades of a rela-
tively large amount of area, so that the
blades overlap through at least a part of
their length, the blades being inclined for-
ward so that in the portions near their tips
they make a relatively small angle with a

plane normal to the axis, so that the outer

half of the blade occupies a width in me-
ridian. projection less than half the width
in axial projection. - _

58. In a hydraulic turbine of high specific
speed the combination with an Iintake
adapted to impart a whirl to the flow and

deliver it'in generally axial direction to the

runner, of an unshrouded axial flow runner,
having not more than six blades of a rela-
tively large amount of area, so that the
blades overlap throngh at least a' part of
their length, the blades being inclined for-
ward so that in the portions near their
tips they make a relatively small angle with
a plane normal to the axis, so that the outer
half of the blade occupies a width in merid-
ian projection less than half the width in
rojection.

speed the combination with. an intzke
adapted to impart a whirl to the flow and
deliver it.in generally axial direction to
the runner, of an unshrouded axial flow run-
ner, having a hub with a diameter "»ss than
half the largest diameter of the rubner and

-a small number of blades of a relatively
large amount of area, so that the blades.

overlap through at least-a part of their

length, the blades being inclined forward

so that in the portions near their tips they
make a, relatively small angle with a plane
normal to the axis, so that the onter half

-of the blade occuples a width in meridian

projection less than half the width in axial
projection.’ ,

60. In a hyvdraulic turbine the combina-
taion with an entrance passage-adapted %o
impart a whirl to the flow and guide it in

75

an ~intake

80

90
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an axial direction with radially inward com-

ponents, of a runner having not more than
six blades with an -area not less than the
disk area of the runner and receiving said
entrance fiow axially. ’ :

el
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61. In a hydrauli¢ turbine the combina--

tion with.an entrance passage adapted to im-
part a whirl to the flow and guide it in an
axial direction with radially inward com-
ponents, of a runner having not more than
six ‘blades with an area not less than the

disk area of the runner and receiving said.

entrance flow axially and discharging said
flow substantially axially.

62. In a hydraulic turbine the combina-

‘tion with an entrance passage adapted to

impart a whirl to the flow and guide it in
an axial direction with radialiy inward
components, of an unshrouded runner hav-
ing not more, than six blades with an area
not less than the disk area of the runner and
receiving said entrance flow axially. _

63. In a hyclraulié turbine the combina-
tion with an éntrance passage adapted to
impart a whirl to the flow and guide 1t in an
axial direction with radially inward compo-
nents, of an unshrouded runner having not
more than six blades with an area not less
than the disk area of the runner and re-

_ceiving said entrance flow axially and dis-

charging said flow substantially axially,
¢4. In a hydraulic turbine the combina-

. tion with an entrance passage adapted to

40

45

£
=
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" impart a whirl to the flow and guide it in

an axial direction with radially inward com-
ponents, of a runner having not more than
six blades with an area not less than the
disk aren of the runner and receiving said

entrance flow axially and a discharge pas-

sage receiving the discharge from said run-
wer and decelerating it between coaxial sur-
faces of revolution. :

65. In a hydraulic turbine of high spe-
cific speed the crmbination with an intake
‘having means to impart a whirl to the flow

and turn‘ng said flow from radial toward
an axial direction, of a runner for said tur-
bine comprising unshrouded blades with an

_area not less than the disk area of the run-

ner and receiving the flow axially and dis-
chareing it axially. A )

¢6. In a hydraulic turbine of high spe-
¢ific speed the combination with an intake

~ having means to impart 2 whirl to the flow
and turning said flow from radial toward:

an axial d'reetion, of a runner for said tur-
bine comprising unshrouded blades with an
area not less than the disk area of the
runner and receiving the flow axially and
with relatively small radially inward com-:

ponents and -discharging it more mnearly

axially. : ; ‘

¢7. In a hydraulic turbine of high spe-
cific speed the combination with -an_intake
having meavs to impart a whirl to the flow

and turning said flow from radial toward:

an axial direction, of a runner for said tmr-
hine comprising not 1ore than six un-
ghrouded: blades with an area not less than

the flow axially and discharging it axially.

68. In a hydraulic turbine of high spe-
cific speed the combination with an intake
hiaving means to impart a whirl to the flow
and turning said flow from radial toward
an axial direction, of a runuer for said tur-
bine compr.sing unshrouded blades receiv-
ing the flow,axially and discharging it axial-
ly, the axiahy projected area of said blades
being not less than thie disk area of a circle
passing through the tips of said blades.

69. In a hydraulic turbine of high specific
speed the combination with an intake having
means to.impart a whirl to the flow and
turning said flow from radial toward an
axial direction, of a runner for said turbine.
comprising unshrouded blades receiving the
flow axially and with relatively small. radi-
ally inward components and discharging
it axially, the axially projected area of
said blades being not less than the disk area
of a circle passing through the tips of said
blades. . : o

70. In a hydraulic turbine of high specific
speed the combination with an intake hav-
ing means to impart a whirl to the flow and
turning said flow from radial toward an
axial direction, of a runner for said turbine
comprising not more than six unshrouded
blades receiving the flow axially and dis-
charging it axially, the axially projected
area of said blades being not less than the
disk aveaof a circle passing through the tips
of said blades., T

71. In a hydraulic turbine of high specific
speed the combination with'an intake hav-. .
ing means to impart a whirl to the flow and,
turning said flow from radial toward an -
axial direction, of a runner for said turbine
comprising not raore than six unshrouded.
blades with an area not less than the disk
area of the runner and receiving the flow
axially and discharging it axially, said:.
blades overlapping in - axial projection’yig
throughout at least a portion of their lengthl

-72. In-a hydraulic turbine of high specific - -
speed  the combination with a radial inflow
passage adapted to impart a whirl to the
flow, of means for turning the flow toward 1y
an axial direction, and an unshrouded axial

70
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90
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‘flow runper having a small number of blades

of a relatively large amount of arvea, the
blades being so formed that when viewed in
axial projection no open space is left be-
tween successive blades for the cgreatev por-
tion of the blade length and said blades be-
ing inclined forward so that in the portions
near their tips they make a relatively small
angle with a plane normal to the axis.

73. In 4 hydranlic torbine of high speciiic’
speed the combination of a radial entramee;
flow passage adapted to impart a whirl to-
the flow and means for turning the flow te-
ward an.axial direction, of an axial flow run-

12¢

the d.sk area of the runuer and receivingner having a small number of unshrouded
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blades, said blades being - so .for}ned that
when viewed in. axisl projection ‘no open

- space is left between -sdccessive blades for

10

the greater portion of the blade length so
as to have a blade aréa equal to the disk
area of the runner viewed in a-direction
along the axis, the runpner. blades having an
inclination‘fo a plane normal to the axis
less’ than' the-inclination ‘of ‘said blades to
a meridian ‘plane. -

4. In a hyﬁifanlie_-mi'bi.né'of high specific

. speed the combination with an entrance pas-

sage adapted to impart a whirl to the flow

and -vary said whirl with. variations in the
" gate opening and guiding the flow from

- radial toward-an sxial direction, of an axial
* flow runner having a“small number of un-

20

shrouded blades and '~a‘5: rojected blade area
not:less than the disk 4rea, the blades being
formed so that when viewad in axial projec-
tion neo open space is left betwéen successive

" blades for the greater portion of.the blade
length, and a draft. tube receiving the dis-

154
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charge from'said runper axially and adapted

to gradually decelerate the axial components
of the veloeity. = " ... 0 o
75..In-a vertical shaft turbine of high

specific speed the combination with an intake
-conduit Jeading the flow toward the turbine,
‘of an inflow chamber formed'to impari s

whirl to the entering flow and comprising a
transition space of circular formation receiv-

- ing the whirlitig flow and turning said flow

35

40

toward. an axial direction, a substdntislly .

axial - flow riunner with ‘a blade ares sub-
stantially. egtial to the disk area of the run-

ner. and ‘receiving the whirling flow from
said transition space and gddpted to abstract

a portion of the whirl and to discharge the

whirling outflow sybstantially. azially, and.

an axialy extending draft tube adapted to
1%

", lower the velocity of the axial components of

b . speed.the combination with gn intake having

the discharge and convert velocity head into
pressure head. -~ " o o AL
76. In a hydraulic turbind of high specific

.. means to impart & whir] to the flow and turn-

50.

ing said flow from radial toward an axial
direction, of a runner for said turbine com-

| prising a small ymber-of unshreuded blades

o discharging-the flow axially, each blade in

outline as projected on'a plane perpendicu-
¢ lar to the axis, having ifs entrance and dis-
.charge edges joined to the outer tips of the

blade by smoothly rounded curves. ) :
= 77. In a hydraulic turbine the combina-
tion: with a 'tadial inflow passage having

" guide Vanes conforming to g whirling flow,

60

of a transition space within said guide vanes

adapted to turn the flow from radial to axial,”

... an unshrouded -runner receiving the flow

-from said frangition space, said runner hav-

~ ing -itg-tips: without substantial increase ‘in

a5

“didmeter in' the. diréction of flow so as not

“to flare outwardly snd being removable up-

4,588,415

ward without disturbing the surrounding
wall of the passage. L

78. In a vertical shaft turbine the com-
bination with an intake cenduit leading the
flow toward the turbine and having one
side wall extending adjacent to the turbine
and the other side wall spaced therefrom,
of g volute inflow chamber having its-outer
wall extending around the turbine to con-
nect said side walls of -said entrance pas-
sage and formed fo impart a whirl to the

formation receiving the whirling flow radi-
aily -from said volute chamber and turning.
said flow towerd an axial direction, a sub-
stantially axial flow runner receiving the
whirling flow from said transition space
and adapted to abstract a -portion of the
whirl and to discharge the whirling outflow
substantially axially, and an axially extend-
ing draft tube adapted to spread the dis-
charge outward away from the axis so as
to lower the velocity of whirl and convert
velocity head into pressure head. o

79. In o vertical shaft turbine the com-
bination-with ap intake conduit leading the
flow toward the turbine and having one side
wall extending adjacent to the turbine and
the other. side wall spaced .therefrom, of
a volute inflow chamber haéving its outer
wall extending around the furbine to con-
nect said side’ walls of said entrance pas-
sage and formed to impart a whirl to the
entering flow, a transition’space of circular

forma! on receiving the whirling flow radi-

ally from said volute chamber and turning

said flow-toward an akial direction, a sub-.

70
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entering flow, a transition -space of circular .

&0

85

06
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p Ity
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stantislly azial flow runter receiving the

whirling flow from- said ¢ransition space,

the biades of said runner overlapping when %

viewed along the axie and being inclined io

sbstract a portion of the whirl and to dig-

charge thé whirling outflow substemtisly
axially, and an axially extending draft tube
adapted to spread the dischgrge ocutward.
away from’the axis go ag to, lower the ve-
locity of whirl 2nd convert:velocity. head
into pressure bead., . . ‘

80. In a verticsl shaft furbine the com-
bination with an intake “conduit leading

1o

the flow toward the turbine and having one .

side wall extending'sdjacent to the tur.
bine and the other tide wall spaced- theve-
from, of a volite inflow chamber having its

side wall extending around the turbine to **
-connect gaid side walls to s8id entrance pas-

sage and formed to impart & whirl to the
entering fow, & transition space of civeular

- formation receiving the whirling flow radi-
ally from said volute chamber and twning

said flow toward en axial direction, a run-

ner’receiving the whirling flow from said

“transition space and having a small hub.of

a diameter less than the length of the run-.
ner blades from hub to tip, the blades of

120-




1,583,415 ‘ . . Ax

said runner overlapping when viewed along

the axis and being inclined to abstract a -

portion of the whirl and to discharge the

whirling outflow substantially axially, and

5 an axially extending draft tube adapted to
-gpread the discharge outward away from
the axis so as to lower the velocity of whirl
and convert velocity head into pressure head.

81. In a vertical shaft turbine the com-

10 bination with an- intake conduit. leading
the flow toward the turbine, of a volute
inflow chamber surrounding the turbine and
receiving the flow from said conduit and
imparting a whirl to the flow, a fransition

15 space of circular formation receiving the
whirling flow radially from said volute
chamber and turning said flow toward an
axial direction, a runner receiving the whirl-
ing flow from said transition space and

20 adapted to abstract a portion of the whirl
* and to discharge the whirling outflow sub-
stantially axially, an axially extending draft
passage degelerating the flow and converting
- thé whirling component of the velocity into
25 effective pressure head, and a velocity de-
"~ celerating conduit receiving the flow from
,said axially extending passage and turning
said flow toward tailwater while continuing
its deceleration, - o :

30 82, In a hydranlic turbine the combination
. ‘with an inflow chamber, of means for im-
parting a whixl to the inflow, a transition

. space radially receiving said whirling inflow
and turning the flow toward an axial direc-

35 tion, a runner receiving the flow from said
transition space and comprising overlapping
blades” formed to abstract a part of the
whirl from the flow and to -discharge the

" whirling outflow substantially axially, an
49 axially extending draft tube receiving the
flow from the runnmer and adapted, to de-
celerate the flow while carrying it "along
the turbine axis and converting the whirling
component of the velocity into effective

45 pressure head, and a velocity decelerating
cutflow conduit receiving the flow from said
draft passage and carrying it outward to-
ward tailwater while continuing the veloe-
ity deceleration.. . _

50 83, In a hydraulic turbine the combination
~with a-substantially axial flow runner, of
means for guiding the flow to sald runner
with a whirl comprising an inflow chamber
adapted to impart a whirl to the entering
flow, guide vanes, and a contracting transi-

N

(>}
¥

tion space receiving the flow radially and

turning it toward an axial direction.with

increasing whitl, ibe outer surface of said

iransition’ chamber. continuously curving

80 inward te a minimum diameter at the run-
ner. ’

84. In a hydrantic turbine the combination

with 2 substanfially avial flow runner, of

mesns for gniding the flow to said runner

85 wwith a whirl comprising an inflow chamber

(.1

adapted to impart a whirl to.the entering
flow, guide vancs, and a conlracting tran-
sition space receiving the fiow radialiy anl

turning it toward ‘an axial direction with- -

increasing whirl, the outer surface of said
transition chamber continuously curving -
ward to a minimum diameter at the center-

~of the runner.

85, In ahydraulic turbine the combination
with a runner adapted to-discharge the flow
with a whirl, of means for decelerating the

“discharge from said runner comprising an

axially extending draft passage decelerating
the flow, and a radially extending outflow
conduit, radialy receiving the flow from said
draft tube passage and continuing the de-
celeration of the flow while turning it and
carrying it toward tailwater. '
~ 86. In a hydraulic turbine the combination
with a runner adapted to discharge the flow
with a whirl, of means for decelerating’ the
discharge from said runner comprising an
axially extending draft passage spreading
outwardly to decelerate the velocity of whir)
and convert its velocity head into pressure
head and an outflow conduit receiving the
flow from said draft tube passage and con-
‘tinting the deceleration of the flow while
turning it and earrying it towaed tailwater.
87. In a hydraulic turhine the combina-
tion with a runner adapted to discharge the

flow with a whirl, of means for decelerating

the discharge from said runner comprising
an axially extending draft passage spreading

outwardly around a central core member to

decelerate the velocity of whirl and convert

_its velocity head into pressure haad and an

outflow conduit receiving the flow from said
draft tube passage and continuing the decéle-
ration of the flow while turning it and carry-

‘ing it toward tailwater.

88, In a hydraulic turbine the combination

. with a runner adapted to discharge the flow.

with a whirl, of means for decelerating the
discharge from said runner comprising an
axially extending draft passage spreading
outwardly around a central core member
continuous with the contour of the runmer
hub to decelerate the velocity of whirl and
convert its velocity head into pressure head
and an outflow conduit receiving the flow

“from said draft tube passage and continuing

the deceleration of the flow while turning 1t
and earrying it toward tailwater.

89. Tn a hydraulic turbine the combination
with a vertical shaft, of means for sustaining
caid shaft against axial thrust, and means
for vadially retaining said shaft comprising
a radial bearing above the runner and aradial
bearing below the runner. . »

90. In a hydraulic turbine the combina-
tion with a vertical shaft, of means for sus-
taining said shaft against axial thrust, and
means for radially retaining said shaft com-
prisinz a vadial bearing above the runnerand
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_ bearing being catried by a central core mem-
“ber in the discharga conduit from

ot

a radial bearing below the runne; said lower

_91. In a hydraulic turbine 2.

taining said shaft ‘
“yertically supporting-the shaft and runner
when they ave slightly lowered comprising
a central cove member extending upwardly

in the draft conduit from the rumner so

-
<
A

that the shaft and runner will be supported
when tlie first Hameéd means is disconnected.
- 92.In s turbine the combination with a
runrier, of & draft tube therefor comprising

" an -outer surface of rvevolution extending

downward from the lowest discharge edge
of the runner blades and flaring outward

~away from the axis to an”annu.ar outlet,

20

. therefrom and flaring outward te’ ghid

and an inner surface of revelution beginning
at the runner and extending “downward
sout-

- let at its lower ‘end,.said inzer and wuter

25

surfaces being formed and spaced to pro-
vide an annular draft tube passage from said
1unner to said cutlet continudusly increas-
ing in cross sectional area in the direction
_of flow so as to decelerate the flow and con-
vert velocity head into pressure head.

92, In a turbine the combination with an.

axial flow runper, of a draft tube therefor

comprising ‘an outer surface of revolution’

* extending downward below: the lowest dis-

- 88

40

charge edge o the runner blades and flaring
outward away from the axis to an annular
outlet, and in-inner surface of revo'ution be-
ginning at the runnexr and extending down-
ward therefrom and flaring: outward to said

outlet at its lower end, said inner and outer.’
surfaces being formed and spaced to provide
an-annular draft tube passage from said

runner to said outlet  continuously increas-
ing in cross sectional ares in- the ‘direction

of flow so as o decelerate the flow and con-

vert veloeity head into pressure héad,

94. In a turbine the combination with a
runiner, of a draft.tube therefor comprising’

an outer surfazce of revolution -extending

‘downward below the lowest discharge edge.
“of the runver blades snd faring outward
away. from the axis to an annular outlet, and.
an inner surface of revolution beginning as

- the runner and extending downward there-

oy

60

o

from and flaring outward to said outlet at.
its lower end, said inner and outer surfaces.
“being formed and spaced to provide 2n-apn-
nular draft tube passage from said runner-
to said : outlet continuously increasing in.
" éross sectional grés, in the direction of flow”
' g0 a8 to decelerate the flow and convert ve-

locity head info pressure head, and 4 velocity
decelerating chamber receiving the flow from,
‘said anpular passags.’ :

95, In a turbine-

* pumner, of a draft tube therctor comprising -

the runner.”
ertical shaft
. adapted to be rotatably sustained against’
“axial thrust and having a radial bearing re-

' radially, and means for.

“of thie runner blades and flaring outwvard

_eross sectional aren i fh

- surface until ibresches tailwater,

He cﬁmbinaﬁbn with ‘&

1,088,210 -

an ‘outer gnrface of revolution extending’

‘gownward below the lowest discharge edge

of the runner blades and flaring o~ ward
away from the axis to an annular outlet, and
an inner surface of revolution beginning ab

‘the runner and extending downward there-

from and flaving outward to smid outlet at
‘its lower end, said inper and outer surfaces”
being formeéd and spaced to provide an an:
nular draft tube passage from said runner to-
said ouflét continuousiy increasing in cross
sectional area in the direction of flow so as
to decelerate the flow and convert velecity .
head into pressare head and 2 collection
chamber receiving the flow from said annu-
lar passage and collecting it and turning it
toward final tailwater. . ‘ :

70
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¢ 96. In a turbine the combination with & -

vunner, of a draft tube therefor cdmprising
an outer surface -of. yevolution éxtending
ddwnward below the'fowest discharge edg

away from the axis to an annular outles, and

88

an inner surface of revolution heginning dt.

the runner and extending downward there-
from and flaring cutward to said. oublet at.
its Jower end, sald inner and outer surfaces

-being formed and spaced to provide an an-

nular drafé tube passage from seid runner
to said outlet continuously’ increasing in
cross sectional area in the direction of flow

‘50 as to decelerate the flow gnd convert ve-

locity head into pressure head, and a velocity
decelerating chamber .receiving the flow

“from said annular passage .and collecting it

and turning it toward final tailwater. .-
97. Tn a turbine the combination with &

‘runmner; of o draft tube therefor comprising

an outer surface of revolution extending
downward below the lowest discharge edge
of the vanner blades and flaring outward

-away from the axis to an anpular outiet, and

an inner surface of revolution baginding at

the runner and extending downward there-
from and flaring outward to said outlel ui
il )

its lower end, said innér and duter surfuces

-being formed and spaced to provide an an-
-nular. draft tube passage from said runiner

to said outlet conilnuously incressing . in
i rection of fow
80 as to decelerate the # nd convert ve-

locity head into pressure head, dnd s later-

nily enclosad conduit recsiving the flow from

said’ annular passige and condueting it to -
tailwater without exposing the flow o 8 fres

. 98. Tn & hydratiic turbine the combination

.with a runner, guide vanes in advance of the

rupner and a ring conmsching

1D

the. ends of

‘said gaide vanes, of a contracting inflow pas-
‘sage having an outer wall of spiral or voligte
formation, and o transverse wall formed as

a plane surface in line with the ring sé the
end of said guide vanes, - . -
o CLEWIS FERRY MOCDY.
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 GERTIFIGATE OF GORRECTION. | |
Patent No 1, 553 s o Granted May 4, 1926, to
.  LENIS FERRY MOODY. |

It is hereby certnf ied that the above numbered patent was erroneously issued
to the inyentor said Moody, whereas said Lettqrs Patent should have been issued -
to William Cramp & Sons Ship & Eagine Building Company, a corporatlon of -
Pennsylvania, said corporation being assignee of the entire interest in said in-

. vention, as shown by the records of assignments in this office; and that the said
- ‘Letters Patent should be read with this correction therein that the same -may
conform to the record of the case in the Patent Office.

Signed and sealed this 22nd day. of March, A. D. 1927.

o _ : M J. Moore,
Sesl. ~ _ ~ Acting Commissioner of l’axentt.




