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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 elle 
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 regul 
lation the guiding end of the 
the inflow, varying the transition space to 
meet the changes in flow and maintaining 
always conditions approaching maximum efficiency. 
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The annular space 46 is contained be 
tween the flaring conical core or cone15 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 flaring 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 48 
so that the draft tube is of comparatively 
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tion of flow. 

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 outer 
draft tube surface and the inner core 15the 
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 
The raising of the gate 28-25 is accom 

plished by the admission of pressure fluid 
through port 37 below the annular piston 26 

50 

60 

35 

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 37 above the annular pis 
ton 26. When prassure fluid is admitted at 
one port 37 or ??#? it is exhausted at the other 
port 37' or 37. The pressure on the head 28 
is 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 

gate follows 

ing the seat 36 to effect a tight elosure, so 
that it will not ordinarily be necessary to 
close the head gates across 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 runner 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. 

70 

75 

80 

The spaces between the runner vanes may be . 
large so as to reduce the risk of clogging by 
trash. The blades of the ruinner 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 plane, that is, a 
plane containing the axis. The edge of 
the runner blade is an inclined line, the 
vertical component of which is shown in 
Fig. 1, while its horizontal extent is shown 
in the remaining figures, so that its vertical 
extent is much less than its horizontal ex 
tent, and the general plane of the blade 
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has an inclination to a radial plane, which 
is less than that to a meridian plane. 

I desire to direct attention to the manner 
in which the construction shown in Fig. 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 vanes. 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 
the base 41 of the cone 15 upon the con 
crete base 16. . - 
In the modification shown in Fig. 5, the 

shaft is horizontal and the gate is on the 
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????????????? side of the runner. The horizon 
tal sha 
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 by the wanes 60 

t 51 is in the bearing 52 supported 

20 

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 a ring 

65 extending from which are the stay vanes 
68 with their opposite ends connected with 
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the ring 64 which is boiled to the casing 61. 
Around the stay wanes; 68 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 63 and deliver it with reduced 
velocity into the draft tube 6. . . . . . 

Te ?????? gate 69-76 has the cylindri 
cal wall 69 with the fiatly conica ywali 76 
across its end. The inside edge of the ring 
65 carries a bronze bushing 0 engaging the - 
cylindrical surface 69 and the end of the 
cylinder 69 has a piston-fiange 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 4 arourid the shaft 51 and the end 
wall 76 has a bronze bushing 77 engaging 
the outer surface of the tube 73. A bronze 
seat and bushing are also 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 
to move the gate to the left. On the con 
tary, to close the gate, pressure fluid is 

40. 
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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 
8 or 78, it is exhausted at the other port 
78 c.18. The pressure of the water in the 
penstock may under suitable conditions be 
utilized to operate the gate. 

in both types of turbine here shown, the plunger gate is arranged so that it may read 
ily be withdrawn in an axial direction for 
purposes of replacement or repair without 
disturbing the parts set in the concrete. Re 
ferring to Fig. 1, such removal of the plun 
ger gate 25-28 may readily be effected b 
renoving the cover casting 19, together wit 
he parts attached to it, namely, the bear 
ing frame i3 and the sleeve 30. These parts 
inight be arranged to be removed over the 
{{ end of the shaft 1, leaving the shaft 

runnerº in piace, or the shaft and run 
ner themselves 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, 

O 

33 

need to be disturbed, nor the lower guide bearing 14. 
claim.:- . . . 

1. In a hydraulic turbine, a runner of 
axial flow type, a radial flow conduit at 
One end of Said runner and coaxial there 
with, and a co-axial cylindrical gate across 
said conduit. . . . . . - . . . thereto. 

1,583,416. 
2. In a hydraulic turbine, a 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 
???uit, said gate having a wall across its 
ec 

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 gat? 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 coaxial 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 runner and coaxial there 
with, and a co-axial 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 awal across its end, and guiding 
i.eans at the entrance to said conduit, out. 
side of said cylindrical gate in its closed position. 

. In a hydraulic turbine, a runner of 
axial flow type, a radial flow conduit at one 

fo 
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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. 
in which said piston can operate. 

8. In a hydraulic turbine, a runner of 
axial flow type, a radial flow conduit at one 
end of Said runner and coaxial therewith ic anda, co-axial cylindrical gate, across saidi : 
conduit, said conduit being of expanding 
CrOSS Section across the stream elements for 
sections more and more remote from the 
runner. Na v 

9. In a hydraulic turbine, a runner of 
axial flow type, a radial flow conduit at one 
end of said runner and co-axial therewith, 
and a co-axial cylindrical gate across said 
conduit, said conduit being in the form of 
a volute of expanding cross section for sec 
tions more and more re?ote from th? runner. 

10. In a hydraulic turbine, a runner 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 cylindrical and hav 
ing a transverse end wall and being movable. 
along the axis to control the water supply 
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-longitudinally with respect to the axis to 

i,583, 

? in a hydraulic turbine, a runner of 
9?kiai filow, pe comprising unshirouded run 
Her vanes fixed on said shaft, a co-axial ra 

. . . dia flow conduit at ône end of said runner 
and a co-axial cylindrical gate across said 
conduit. ? • 

i2. In a hydraulic turbine, a runner, a 
single cylindrical plunger gate with trans 
verse eind swaii coaxial therewith and mov 
able longitudinally with respect to the axis 
to regi?late the flow through the runner, a co 
axial hydraulic cylinder and a piston in said 
cylinder directly connected with said gate. 

3, in a hydraulic turbine, a runner, a 
single gate co-axial therewith and movable 
regulate the flow through the runner, a co 
axial hydraulic cylinder and an annular 
fiange on said gate within said cylinder 
serving as a piston 

14. In a hydraulic turbine, a runner, a 
cylindrical gate co-axial therewith and mov 
able longitudinally to open or closed posi 
tion, an annular flange on Said gate to serve . 
as a piston, a fixed cylinder and correspond 
ing cylinder heads around said piston, and 
ports at the ends of said cylinder for the 
admission or exhaust of pressure fluid. 

i5. In a hydraulic turbine, a runner of 
axial flow type, a conduit leading to the 
runner, means in said conduit to give the 
water a whirling approach to the runner 
with increasing velocity, a conduit lead 
ing away from the runner, means to guide 
the water in a whirling direction in said last 

- named conduit and with decreasing yelocity, 
type, and a co-axial 

45. allei therewith and across the conduit. . . 

end of said runner and coaxial therewith 
fixed twisted vanes around the axis parallel 
figrewith and across the conduit, and a co 
axial cylindrica gas within said vanes. 

one of said conduits being 
? cylindrical 

said radial flow conduit. . . . 

16. In a hydraulic turbine, a runner of 
axial fiow type, a radial flow conduit at one 
ed of saidi runner and coaxiai therewith, 
and fixed twisted vanes around the axis par 

gate across 

17. In a hydraulie. tubine, a runner-of 
axiai fow type, a radial flow conduit at one 

:: 38. ?n a hydr?iulie turbine, a runner of 
axial flow type, a radial flow conduit at one }€?? 

O 

????? 

and fixed twisted radial flow vanes around 3." 

: at points more remote 

end of said runner and coaxial therewith, 
the axis parallel therewith and across the 
conduit, said vanes being more nearly radial 

from the runner. 
19. In a hydraulie turbine, a conduit ent 

closed by a casing and comprising a radial 
flow portion, an axial flow portion, aid a 
transition space surrounding the commons: 
axis in which the flow changes from radial 
to axial; inward flow guide vanes in said: 
radiai: flow portion, an axial flow Finner in 
said axial flow portion, and a coaxial plunger 

of radial flowga 
25. A hydraulic turbine having a gate in 

being axially movable within said guide 

ner vanes fixed on said sh?ft, a E. 
coaxial with said runner and movab 

415 

gate forming a boundary wall for said tran 
sition space. 

20. In a hydraulic turbine, a runner, a 
cylindrical plunger gate around the runner 
axis with a transverse end wall toward the 
runner and spaced therefrom, a fixed casing. 
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 75 
the gate can be removed from within said 

70 

casing member. 
21. In a hydraulic turbine, an axial flow 

runner, radial flow guide vanes, and a flatly 
conical deflector to engage and defect water 80 
flowing through and between said runner 
and vanes. . . . 

22. In a hydraulic turbine, an axial flow 
runner, radial flow, guide vanes, and a flatly 
conical defector adjustable longitudinally 
with respect to the runner axis and adapted 
to engage 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 
transition space interposed between them 
and a co-axial cylindrical plunger gate hav 
ing a head which forms a boundary wall for 
said transition space. 

24. A hydraulic turbine having a gate in 
the form of a cylinder with an end wall rig 
idly united thereto 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, arid 
inward flow guide vanes surrounding said 
ate and closely adjacent thereto. 
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the form of a cylinder with an end wall 
rigidly united thereto and formed as a sur 
face of revolution, said gate being capable 

OS 

of regulating the flow through the turbine 
by opening or closing with axial movement. 
. .26. A hydraulic turbine having inward 
flow guide vanes and a regulating gate in 10 
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 yanes and a regulating gate in 
the form of a cylinder and an end wall 
formed as a surface of revolution, said gate 
vand, aii fluid pressure means to move said 20 
gate. 

28. In a hydraulic turbine, a runner of 
axial flow type comprising unshrouded run 

er gate 
e along 12 

the axis to control the water supply thereto, 
and means around said gate to turn the water into a direction having a tangential 
component on its way to the runner. 

29. The method of utilizing the energy of 
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water under head which consists in directing 
its flow inwardly and axially and with á 
whirling component varying at different 
parts of the stream, forming it into a singie 
rotating axially advancing streas, directing 
this stream against a suitable ruminer, ab sorbing a part only of the whirl energy by 
the runner, and absorbing another substan 
tial part of the whirl energy of the water 
after leaving the runner by reducing its 
velocity by expanding is cross section. 

30. In a hydraulic turbine, the combina 
tion with an axial runner chamber, and a 
coaxial radial inflow chamber, of an inter 
mediate transition space directly connecting 
said chambers, means for guiding the flow 
into said transition space so that it will form 
a whirling axially progressing stream in 
said axial runner chamber, and means for 
moving a wall of said transition space to 
control the flow therethrough. .. * 

31. In a hydraulic turbine the combina 
tion with a contracting volute inflow pas" 
sage directing the flow inwardly at an angle 
to the radii of a central axis, a transition 
space receiving said flow and turning it 
from radial to axial, a substantially axial 
flow runner adapted to abstract only a por 
tion of the whirl from the flow, a radially 
expanding annular outflow passage deceler 
ating the flow so as to convert the velocity 
head of both meridian and whirling com 
ponents into effective pressure head. 

32. A hydraulic turbine structure compris 
ing a fixed cylindrical liner tube, a movable 
plunger gate within said tube, a central ro 
tatable runner shaft, a cover plate, and pres 
sure means between said liner tube and 
said plate for moving said gate, said liner 
tube being greater in diameter than any of 
said movable parts and said cover being de: 
tachable to permit easy removal of all oi 
said movable parts. - 

33. In a hydraulic turbine a runner, a 
cylindrical plunger gate around the runner 
axis and free from engagement with the run 

50 

ner, a fixed casing member within which 
such gate may be reciprocated in the direc 
tion of the axis and a head cover l?tachably 
connected across said casing member beyond 
the gate from the runner, whereby the gate 
may be removed from the casing upon re 

55 

moval of said head cover. 
34. In a hydraulic turbine the combina 

tion with a runner, of an intake passage fol' 
the fow thereto comprising an entrance 
space in advance of said runner, and Ileans 
for relatively moving the surfaces of said en 
trance space to expand or contract the latter 

60. and control the flow through said tarbine, 
comprising an annular plunger and fluid 
pressure operated means for noving said 
plunger, 

35. Apparatus for regulating the flow 
through a hydraulic turbine comprising 

1,688,41 iš 
means for guiding the flow inwardly to 
"ward an akis, means for turning the filow 
toward the axial in a transition space, and 
ineans for moving one of the surfaces of 
said transition space to vary the size of said 
transition space to controi the flow there 
through. 

36. In a hydraulic turbine the combination 
with an unshrouded propeller type runner 
receiving the flow in a nearly axial direc 
tion, of an intake passage guiding the flow 
inwardly and with a whiri around the B?is, 
means forning a transition space guiding 
the fow from said inwardly, directed intake 

s 

to said runner, and an axially movable gate 
moving across said transition 
tro the filow. 

37. En hydraulic machine the combina 
tion with a rotor, of a passage communicat: 

space to con 

ing with said motor comprising radial and 
axial flow portions connected by a transi 
tion space at least one side of which is. 
bounded by a surface connecting said radial 
and axial flow portions, and means for rela 
tively moving the bounding surfaces of said 
transition space to expand or contract the 
latter and to control the flow through said 
rotor. 
38. In a hydraulic turbine the combina with a rinner, of an intake passage for 

she flow thereto comprising an entrance 
space one side of which forms a surface curv 
ing from the radiai to the “axíal direction, 
and means för relatively moving the sur 

through said turbine. 
39. In a hydraulic turbine the combina 

tion with a runner and guide vanes in ad 
vance of the runner, of a contracting in 
fow passage so formed at its lower surface 
as to direct the flow to the guide vanes in 
directions contained in a plane normal to 
the turbine axis and in line with the lower 
edge of said guide vanes. 

40. In a hydraulic turbinae the combina 
tion with a runner and guide vanes in ad 
vance of the runner, of a contracting in 
flow passage so formed at its lower surface 
as to direct the flow to the guide vanes ra 
dially inward in directions contained in a 
plane normal to the turbine axis and in line 

faces of said entrance space to expand or " 
contract the latter and control the flow 

B 
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is 

with the lower edge of said guide vanes, 
said inflow passage being adapted to impart 
to the entering flow a whirl around the axis 
of the runner. 

$20 

41. The combination with a hydraulic 
turbine la ving a radial entrance flow pas 
sage and means for turning the flow toward 
an axial direction, of an axial flow un 
shrouded runner with blades overlapping to 
a small extent, so as to have a blade area 
equai to the disk area of the runner viewed 
in a direction along the axis. 
42. The combination with a hydraulic tur so 
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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 
the inclination of said blades to a meridian 
plane. r 

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 diskarea 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°. - 

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 said 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 and 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 porº. 
tion beyond the inlet thereof and in which 
the flow changes from radial to axial and 
axially advances, and an unshrouded axial 
flow 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 
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 radial 
flow portionto 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 
y 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 common axis 
and at all points' equidistant from that axis 
has a radial component and a whirling com 
ponent of substantially constant value, 

said axis, passing this stream axially through 

head in a suitable draft tube. 

ping to a small extent viewed in a direction 

the whirling component, so as to produce a 

? alog the axis, 
through a suitable runner so that said stream 

changing the radial components to axial 
direction but preserving the whirling com 
ponents so as to produce a solid stream 
whirling about and advancing along 

t 
a suitable runner 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 a plane normal to a com 
mon axis and at all points equidistant from 
that axis has a Ta?iai component and a 
Whirling component of substantially con- º 
stant value, changing the radial components 
to axial direction but preserving the -whirl 
ing component so as to produce a solid 
stream whirling about said axis, then ad 
vancing said solid stream 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. 

49. The method of utilizing the energy of 
water under head, which consists in direct 
ing its flow inwardly from all sides with , 
radal and whirling components with re. 

90 

spelt to a common axis, changing the radial 
components to axial direction but preserving lot 

stream whirling about and advancing 
assing this stream axially 

wil whirl as it leaves the runner and con 
verting both the axial and whirling velocity 
conthponents 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 directing 
its flow inwardly from all sides with radial li0 and whirling components with respect to 

05 

a common axis, changing the radial compo 
nents to ?xial direction bút, presefying they’’ 

A whirling component so as to produce a solid, 
stream whirling about the axis, then advanc- liš 
? Said solid strea?in along the axis, passing 

S stream axially through a suitable run 
ner so that said stream will Nwhirl as it 
leaves the runner and converting both the 
axial and whirling velocity components of 120 
th? discharge from the runner into pressure 
head in a suitable draft tube. 

51. The method of utilizing the energy of 
water under head which comprises, direct 
ing a stream of water inwardly from all 
sides with radial, and whirling components 
with respect to a common axis, changing the 
radial components to axial direction but 
preserving 'ís whirling component so as to * 
produce a skid whirling stream, then ad- 80 

???? 





disk area of the runner and receiving said. 
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61. In a hydraulic 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 

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 radially inward 
components, of an unshrouded runner hav 
ing not more... than six blades with an area 
not less tham the disk area of the runner and 
receiving said entrance flow axially. 

63. 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 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. 

64. 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 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 

4) 
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, entrance flow axially and a discharge pas 
sage receiving the discharge from said run 
mer and decelerating it between coaxial sur 
faces of revolution. 

65. In a hydraulic turbine of high spe 
cific speed the crimbination with an intake 
having means to limpart a whirl to the flow 
and turning 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 
mer and receiving the flow axially and dis 
charging it axially. 

(36. In a hydraulic turbine of high spe 
cific 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 tur 
bine comprising anshrouded blades with an 
area not less than the disk area of the 
runner and receiving the flow axially and 
with relatively small radially inward corn 
ponents and discharging it more nearly 
axially. 

(37. In a hydraulie turbine of high spe 
cific 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 tur 
bine comprising not moi"e " than six un 
shrouded blades with an area not less than 

turning said flow from radial toward an 

the flow axially and discharging it axially. . . 
68. In a hydraulic turbine of high spe- ' 8? 

cific speed the combination with an intake ... " 
having means to impart a whirl to the flow 
and turning said flow from radial toward 70 
an axial direction, of a rummer for said tur 
bine comprising unshrouded blades receiv 
ing the flow, axially and discharging it axial 
ly, the axially projected area of said blades 
being not less than the 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 SO . . . . 

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. . . . 

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' 
'liarging it axially, the axially projected . - 
area of said blades being not less than the i. 
disk area of a circle passing through the tips 
of said blades. . 00 

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 more 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 
throughout at least a portion of their ? 

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 is 

90. 

an axial direction, and an unshrouded axial 
flow runner having a small number of blades 
of a relatively large amount of area, the 
blades being so formed that when viewed in 
axial projection no open space is left be- 12. 
tween successive blades for the greater 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. 125 ? 

73. In hydraulic turbine of high specific * , 
speed the combination of a radial entrarite, \ 
flow passage adapted to impart a whirl to 
the flow and means for turning the floty to. 
ward an axial direction, of an axial flow rin 

the disk area of the runner and receiving nei' having a small number of unshrouded 
v 
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blades, said blades being so formed that 
when yiew?d in axial projection n? open 
space is left between successive blades for 

() 

the greater portion of the blade lengthso 
as to have a blade area, equal to the disk 
area of the runner viewed in a direction 
along the axis, the runger blades having an 
inclination to a plane agrinal to the axis 
less than the inclination of said blades to 
a meridian plane. 74. In a hyinalie turbine 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 axial direction, of an axial 
flow runner having a small number of un 

2 

shrouded blades and a projected blade area not less than the diskárea, the blades being 
formed so that when viewed in axial projec 
tion no open space is left between successive 
blades for the greater portion of the blade 

25 
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length, and a draft. tube receiving the dis 
charge from said runner axially and adapted 
to gradually decelerate the axial components 
of the velocity. 2 ? ? ? ? ? ? ? ? ? ? 

75. In a vertical shaft. turbine of high 
specific speed the combination with an intake 
conduit leading the flow toward the turbine, 
of an inflow chamber formed to impBrt ? 
whirl to the entering flow and comprising a 
transitionsp?g? of circular formation receiv 
ing the whirling flow and turning said flow 
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toward an axial direction, a substantially 
axial floy runner with à blade area sub 
stantially equal to the disk area of the run 
ner and receiving the whirling flow from 
said transition space and dipted to abstract 
a portion of the whirl and to discharge the 
whirling outflow substantially axially, and 
an axially extending draft tribe adapted to 
lower the velocity of the axial components of 

speed the combination with an intake having 
means to impart a whirl to the flow and turn. 

50. 

the discharge and convert velocity head into 
pressure head. . . . . . . . . . . . . . . ? 

76. In a hydraulic turbines of high specific 

ing said flow from radial toward an axial 
direction, of a runner for said turbine comi 
prising a small number of unshrouded blades discharging the flow axially, each blade in 

30 

outline as projected on a piane perpendicu 
ilar to the axis, having its 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 radial inflow passage having 
guide vanes conforming to a whirling flow, 
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 transition space, said runaer hav 

05 
ing its tips without substantial increase in 
diameter in the direction of flow so as not to flare outwardly and being removable up 

ward without disturbing the surrounding 
wall of the passage. * 

78. In a vertical shaft turbine the coin 
bination with an 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 infow chamber having its outer 
wall extending around the turbine to con 
nect said side walls of said entrance pas 
sage and formed to impart a whirl to the 

0. 

5. 

entering flow, a transition-space of circular 
formation receiving the whirling ilov radi 
aily from said volute chamber. and turning. 
said flow toward 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. . . 

79. In a vertical shaft turbine the com 
bination with an 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 having its outer 
wall extending airound the turbine to con 
nect said side walls of Sajd entran?e pas 
Sage and formed to impart a whiri to the 
entering flow, a transition space of circular 
formation receiving the w?irling flow radi 
ally from said volute chamber aid turning 
said flow' toward an axial direction, a sub 
stantially axial flow runner receiving the 
whiling flow from said transition space, 
the blades of said runner oyerlapping when 
viewed along the axis and being incined to 

80 

86. 

90 

????, 

abstract a portion of the whirland to dis charge the whirling outílow substantielly. 
axially, and an axially extending draft tube 
adapted to spread the discharge outward. 
away from the 8xis so as to, lower the ve 
locity of whirl and convert. velocity head 
ito pressure head. ???? 

80. In a yertiesl shaft turbine the coal bination with an intake conduit, ie?ding 

io 

s 

the flow if ward the turbine and having ore. side , wali extending "Fijacent : to the tur-, 
bine and the other side wait spaced there 
fi Qim, of a volute, imfiow7 chamber hayirag its 
side wall extending around the turbine to 

! connect gaid aide vails to said entrance pas 
Sage and formed to inapart a whiri to the 
entering fiew, a transition space of circular 
formation receiving the whiring flow radí 
ally from said solute chamber and turning 
said flow toward an axial direction, a ran 

20. 

25 

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 180 
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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 
an axially extending draft tube adapted to 
spread the discharge outward away from 

0. 

ls. 

the axis so as to lower the velocity of whirl 
and convert velocity head into pressure head. 
8. In a vertical shaft turbine the com 

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 transition 
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 

20 
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ing flow from said transition space and 
adapted to abstract a portion of the whirl 
and to discharge the whirling outflow sub 
stantially axially, an axially extending draft 
passage decelerating the flow and converting 
the whirling component of the velocity into 
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. ? - ? 

82. In a hydraulic turbine the combination 
with an inflow chamber, of means for im 
parting a whirl to the inflow, a transition space radially receiving said whirling inflow 
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and turning the flow toward an axial direc 
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 
axially extending draft tube receiving the 
flow from the runner and adapted, to de 
celerate the flow while carrying it along 
the turbine axis and converting the whirling 
component of the velocity into effective 
pressure head, and a velocity decelerating 
outflow conduit receiving the flow from said 
draft passage and carrying it outward-to 
wai'd tai water while continuing the veloc 
ity deceleration. 

83. In a hydraulic turbine the combination 
with a substantially axial flow runner, of 
means for guiding the flow to said runner 
with a whirl comprising an inflow chamber 
adapted to impart a whirl to the entering 
flow, guide vanes, and a contracting transi 
tion space receiving the flow radially and 
turning it toward an axial direction, with 
increasing whirl. tie outer surface of said 
transition chamber continuously curving 
it ward to a mininnum diameter at the run 
C'. 

84. In a hydrauli? turbine the combination 
with a substantially axial flow runner, of 
inens for guiding the flow to said runner 
with a whirl comprising an inflow chamber 

3,415 

adapted to impart a whirl to the entering 
flow, guide vanes, anda contracting tra 
sition space receiving the fiow, racialiy an 
turning it toward an axial direction with 
increasing whirl, the outer surface of said 
transition chamber continuously curving in 
ward to a minimum diameter at the center. 
of the runner. 

85. 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 decelerating 
the flow, and a radially extending outflow 
conduit radially 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 
tinuing the deceleration of the flow while 
turning it and carrying it towaled tailwater. 

87. In a hydraulic turbine 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 head and an 
outflow conduit receiving the flow from said 
draft tube passage and continuing the decele 
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 runner 
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 it 
and carrying it toward tailwater. 

S9. In a hydraulic turbine the combination 
with a vertical shaft, of means for sistaining 
saidi silha ft agrainst axial thrust, anul means 
for ladially retaining said shaft comprising 
a radial bearing above the runner and a radial 
bearing below the runner. 

90. In a hydraulic turbine the combina 
tion with a vertical slhaft, of nearns for sus 
taining said shaft against axial thrust, and 
means for radially retaining said shaft com 
prising a radial bearing above the runner and 
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a radia bearing below the runner, said lower 
bearing being carried by a central core mem: 
ber in the discharge conduit from the runner 

91. In a hydraulic turbine aertical shaft 
5 adapted to be rotatably sustained against 

axial thrust and having a radia bearing re 
taining said shaft radially, and means for 
vertically supporting the shaft and runner 
when they are slightiy lowered comprising 
a central core member extending upwardly 
in the draft conduit from the runner So 
that the shaft and runner will be supported 
when the first iamed means is disconnected. 

92. In a turbine he combination with a runner, of a draft tube therefor comprising 
an outer surface of revolution extending 
downward from the lowest discharge edge 
of the runner blades, and flaring outward 
away from the axis to an annui-air outlet, 

20 andan inner surface of revolution beginning 
at the runner and extending downward 
therefrom and flaring outward to said out 
let at its lower end, said inner andi. Etter 
surfaces being formed and spaced to pro 
vide am annular draft, tube passage from said 
unner to said outlet continuously 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. 

80 93. In a turbine the combination with an 
axial flow runner, of a draft tube therefor 
comprising an outer surface of revolution 
extending downward below, the lowest dis 
charge edge of the runner blades and flaring 
outward away from the axis to an annular 
outlet, and in inner surface of revolution be 
ginning at the runner 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 area in the direction 
of flow so as to decelerate the flow and con 
vert velocity head into pressure head. 

94. In a turbine the combination with a 
runner, of a draft. tube therefor comprising 
an outer surface of revolution extending 
"downward below the lowest discharge edge. 
of the runner blades and flaring outward 
away, from the axis to an annular outlei, and . 
an inner surface of revolution beginning at 
the runner and extending downward there. 
from and flaring outward to said outlet at. 
its lower end, said inner and outer surfaces. 
being formed and spaced to provide an an 
nuiar draft. tube passage from said runner. 
to said outlet continuously increasing in 
cross sectional grea in the direction of flow 
so as to decelerate the flow and bonvert ve. 
locity head into pressure head, and a velocity 
decelerating chamber receiving the flow fron, 
said annular passage. . . . is 

as - 95. In 2 turbine ste combination with & " runner, of a draft tabe therefor comprising: 

0 

SS 

40 

5 

its lower end, 

nular draft tube passage from said runner to: 
said outlet continuoisily increasing in cross 

from said annular passage and collecting it 

the runner and extending down yard ?iere 
from and flaring outward to said outlet at 

cross sectionáliº area, iri. #h 

sáid gäide yines, of a contracting i?ovy pas - 
sage having an oute: 

an outer surface of revolution extending 
downward below the lowest discharge edge 
of the runner blades and flaring o Aard 
away from the axis to an annular outlet, and 
an inner surface of revolution beginning at 
the runner and extending downward there 
from and flaring outward to said outlet at 

said inner, and otiter surfaces" 
being formed and spaced to provide an an . 

7ë 
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sectional area in the direction of flow so as 
to decelerate the fiovy and convert velocity . 
head into pressure head and a collection 
chamber receiving the flow from said annu 
lar pasSage and collecting it a Jnd itirning it 
toward final tailwater. , - . . . . . . . . . . 
: 96. In a turbine the combination with a 
runner, of a draft tube therefor comprising : 
an outer surface of revolution extending 85 
dit'; 'raward below the iowest discharge èidge 

83 

of the runner blades and flaring outward 
a way from the axis to an annular outlet, and 
an inner surface of revolution beginning at . 
the runner and extending downward there. 90 
fro) and flaring outward to said outlet at. 
its lower end, said inter and outer surfaces 
being formed and spaced to provide an an 
nular draft tube passage trora said runner to said outlet continuously increasing in 
cross sectional area in the direction of flow 
so as to decelerate the flow and convert ve 
locity head into pressure head, and a velocity 
decelerating chamber receiving the flow 

it 

and turning it toward final tailwater. 
9. In a turbine the combination with a 

runner, of a draft tube therefor comprising 
an outer surface of revolution extending 
downward below the lowest discharge edge 
of the ranner blades and faring outward 

I away from the axis to an annular outlet, and 
an inner surface of revolution beginking at. 

3. 

its iower end, said inner and outer surfaces 
being forthed and spaced to provide an an 
nular draft tube, passage from said line. 
to said outlet conting (sly increasing in 

- irection of fow 
so as to decelerate the fog aid convert ve. 
locity head into pressure head, sand a later 
ally enclosed conduit receiving the fow from 
said annular passage and conducting it to 
tailwater without exposing the flow to 5 free, 2 
surface until it reaches tail water. -- 
98. In a hydraulic turbine the combination 

with a runner, guide vanes in advance of the, 
runner and a ring connecting the ends oi 

all of spirai or volate 
formation, and a transverse wall formed as 
a giate surface in line with the ring sit the 
end of said guide vanes. . . . . . . 

LEWIS FERRY AOCDY. 
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