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This mvention relates to rotary hydrauhc
machines and particularly to hydraulic. tur-
bines and their draft tibes. :

In some turbine installations and -under
~some conditions of operation, particularly at
* gate openings less or greater than normal or

“when the tallwater level is abnormally low,.

trouble sometimes develops from unstable

“flow in. the draft tube causing vibration of

‘the turbine or powerhouse structure or -uil-
steady operatmn of the turbine. These. con-
ditions may result from insufficient margin
- of absolute pressure in the draft tube to main-

‘10

tain a_continuous body of liquid throughout

‘ i‘m the tube, that is, an excessive draft head re-

water discharged by the runner, and draft

. ‘tube efficiency, in comparison with the baro-
20 metric pressure. Trouble fromthis source
- ‘may. thus be due to a greater conversion of
“velocity head into pressure head by the draft

tube than the height of the turbine above tail--

. water permits. On the ‘other hand, a draft

g5 tube of unfavorable form, such as an ‘elbow -

‘tube, may set up large eddies Whlch cause
“hydraulic impact or shocks."

In either case, or whenever disturbances

" oceur within a draft tube, I'have found that

30 the region particularly subject, to the forma- i

tion of an objectionable void and to the set-

- ting up of unstable conditions of flow is that -
~in and around the axis of the tube, and that.

the tendency toward vibration and disturb-

35. ances may be overcome by admlttlng air to-.
‘the central portion of the tube; this air being

“admitted at'a limited rate by properly pro-
“portioning or controlling the air passages.

~ Inthe accompanying drawmvs 1llustrat1n0f :

V“‘ the invention

" Fig.lisavertical sectlonal viewofa typlcal ,

~turbine 1nstallat10n embodying the invention.
Fig. 2 is a horizontal sectional v1ew taken
“on the'line 2—2 of Fig. 1.
Fig. 8'is an enlarged Vertlcal sectlonal
* view of a detail. ‘
~ Figs. 4 and 5 are cross sectional v1ews of
Qifferent. forms’ of plpe admlttmg alr 1nt0
the draft tube.
F1g 6is'a sectlonal v1eW ofa detall show-

45

‘discharged by the runner into the draft tube’

_collecting and discharge chamber 11 leading
sulting from the combination of height of -
turbme above tailwater, velocity head of the

mg an arrangement of ‘control and check
valves in the air supply and
~Fig, 7 is a plan view of one of the operat-

ing cylinders of the turbine showing a method

for actuating the control valye of Fig. 6
In the specific embodiment of the inven- -
tion shown in the drawings the flow entering -

by intake 6 passes throuoh the inflow guide

vanes 7:and the runner, “not, .shown; and. is
60

D having the outer wall 8 and the inner coni- -

_cal core 9 both flaring outwardly to. spread
-and decelerate the flow in annular form and

discharging it through the outlet 10 into the

to tailwater. A passage 12 and manhole 13
is provided to give access to the 1nter10r of o
the draft tube D.

In turbines of high and moderate spec1ﬁc

'speed types there is a tendency. under some 70

conditions of operation, particularly at part’
gate or when operating under heads below
normal, for the dlschartre from the runrner

to take place in'an annular ring at'the outer
wall of the draft tube, 1eav1ng the space’ 7%
‘within occupied by water not advancing to-
-ward the -discharge.

Under such part- gate
or reduced head operatlon the relative ve-
locity of: discharge from the runner buckets
is' reduced to such an extent in ‘comparison” 80
with the velocity of the runner vanes that the
discharged .water contains large rotational -

‘components of - velocity about: the runner

axis. - There is therefore a tendency to set.
the water in the central region of the draft

tube into rotation, and for the tangential ve-
-locity components to increase at. pomts nearer
- the axis according to the. law of the free '
,Vortex,
‘varies inversely as the radius.

namely; that the tangential velocity
This relation
cannot exist throughout the.space since 1t
would call for an infinite velocity at the axis;

90

‘the tendency is however for the rotational ve-

locity to become so high at points near.the,
axis that the velocity head approaches the
limit set by the barometric pressure and the
elevation above tailwater, and the flow then

‘endeavors to separate and to form a yortex

leaying a void around the axis filled with air: 100
or vapor.  Thistendency toward “cawtatlon”
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is likely to cause unstable operation or vibra-
tion. When there is such a tendency toward
cavitation, it is useful to supply air to the
central space to avoid instability, shocks or
vibration troubles. -
In draft tubes of elbow types trouble is
likely to occur from the formation of eddies
due to the rotational velocities; and in tubes
of symmetrical type such as the “spreading”
tube shown in the figures the ability of the -
tube to convert-the veloecity head. of rotation
into pressure head may in some instances
cause excessive vacuum in the draft:tube at
part gate, since the absolute velocity of dis-
charge from the runner may be greater at

_.part gate than at normal gate. In either case

- it s frequently useful to admit air ‘to the

tube and thus to:avoid the effects of cavita-’

- tion or to cushion the impacts or shocks due

420

-25

30

to turbulence. "When air is merely admitted .
to the onter flow lines through the outer wall

-of the-draft tube, there is a tendéncy for the
~flow in the outer portion‘ofthe tube to carry
‘the air away before it can penetrate to the’
‘central portion so that the desired relief-is
‘not secured. Moreover, the centrifugal force
‘of the whirling water in the draft tube causes
‘an increase-of absolute pressure at the outer -

wall which ‘gpposes the flow of air into the
‘tube “at this point. T have found. that the
supplying of-a suitable amount of air to the

. inner portion of the tube will overcome any

&

objectionable tendency toward shocks and
vibration without interfering with the outer

“Hlow lines or impairing the power output or

efficiency of the turbine. '
1, therefore, provide a pipe o

r hollow vane-

- shaped -extension 15 having its end 16 ap-

40,

proaching inward from the outer wall 8 of
the draft tube and opening into the inner or

“substantially central portion of the draft
‘tube as shown for instance in the'drawings. -

‘By this'means, the air is carried through the

“rapidly ‘moving annular -body of ‘water and

45

‘admitted into the inner portion of the tube.

A valve 17 is provided for the pipe 15 to con-

“trol'the rate of flow of the air. “A check valve -

.50

- discharge of water from the draft tube. For
instance, as-shown in Fig. 6 pipe 15 may be
provided with a check:valve 21°and a control
‘valve 17. "This check valve will close during
~any-condition tending to set up a back flow
‘and will’thus prevent the discharge of ‘water

8

85 -

may also be provided‘in the air pipe so‘that
it -will close during any condition tending to
set up a back flow and will thus prevent the

from -the draft tube. 'When the pressure
within pipe 15'is less than that of the atmos-
phere, the check valve will open and permit

‘the flow of -air at a rate controlled by the
‘valve 17.- ‘Valve 17, as shown, is of the needle
‘or plunger:type, which is suitable for reduc-
_ing the flow of ‘air-while permitting the flow
to ‘take place smoothly. "The valve ‘contains
the:plunger 18 sliding within the cylinder 19.

,788

The plunger may be opened by the admission
of fluid, such as water or compressed air,
through pipe 20 to the space 22, overcoming
the effect of the spring 23. The valve may
be: closed by exhausting pressure from the
pipe 20 and allowing the spring. 23 to force
the plunger to the left. :

In addition to thefluid and spring control
just described, the valve is provided with
mechanical hand control consisting of a hand
wheel 24 carrying the sleeve.25 engaging the

backed off to the end of the stem allowing the
sleeve 25 to slide freely through the yoke
27. -At 28 is shown .a muffler_or silencer
through which air is.admitted to theé control
valve and comprises an outer casing and a
tapered inner casing therein, thereby form-
ing inner and outer converging passages.
This muffler may consist of a series of baffles
and ‘a slotted cylindrical diaphragm, as

‘shown, or other suitable means.

~ Fig. 7 shows in plan view one of the tur-

‘bine operating cylinders 29 for moving the-

turbine gates through the ‘rod 80. On this:

.rod is fitted an arm 81 carrying a caim32.

At any desired position of the gates, thé cam

‘may be adjusted to actiate alever 83 attached

to the stem of & two-way cock 34. “When this

“cock is opened, pressure fluid 1s admitted, to:-

pipe 20 which is connected by suitable pip-
ing with the pipe 20 of Fig. 6. Instead of
spring 28.fluid pressure can, if desired, be ad-
mitted to the interior of the plunger for clos-
ing the valve 17. Instead of the fluid oper--
ated valve 17, a valve operatéd by electric
motor or mechanically operated valve.can be

.used where more convenient. Instead of be-

ing actuated by the turbine gates, the fluid
or electric or other means.can be controlled ™
by hand from the switchboard or other suit-
able point or the valve may be automatically
actuated by the pressure within the draft
tube. . ' ) ‘

.. “When Vibi'atioh within the dl‘dft tube tends -

to develop at some partial gate opening:of
the turbine, the fluid or electrically operated
valve, such as 17, may be arranged to.be. atito-

_ matically actuated by the turbiné gate mecha-

75

‘threaded stem 26. When the valve is desired -
tobe under fluid control, the hand wheel 24 is

80
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nism in a manner similar to that shown, so

whenever the turbine gates are within a pre-
determined range of opening. Any conven-

ient ‘source of fluid pressure, such as water

‘that air will be admitted to the draft tube -

i

from the penstock or from the governor-sys-""

tem or air from the a
be used. _ ) :
The pipe 15 may draw its supply of air

ccumulator tanks, may

from -any suitable source such -as the pas-

sage 12, or if desired, its inlet may be placed

outside the building or in a separate chamber

-arranged to shut off from the powerhouse any
nioise created by the suction of air into the
end of-thepipe. The entrance endof the pipe :

TN
e
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15 will preferably: be provided with a- silencer’
~or muffler, such for example;as: the: peripher--
~ally-slotted. cylinder 88 shown in the . draw-

ings;'in-order to avoid-the-hissing- or Whhﬂ
tling.of the entering air.

~The end of the pipé chqchargmg the air’

o into the draft-tube may be formed in any
.desired: manner to.increase the ‘suction” or

.10

-aspiration. effect.
instance theend 16 of the pipe.15 instead-of

As shown in Fig.:3 for
being tangential may. be bevelled.or inclined

g0 as to extend, diagonally across. the flow

which usually hasrotational or-whirling coin-

‘ }_ponents in-a horizontal plane around: the axis-
15

diagonal inclination of the edge of the end .

ag indicated by the:arrow '(Fig.:2).  This

f__orlﬁce Wlll increase the “suction”-effect. As

~shown in: Figs.-1 and 8- the direction. of the -

~bevelling: of the end 16 of the pipe in addi-

.20

tion to belng inclined ‘horizontally will usu- -

"< ally be-also inclined downward and:outward

.95

as seen in a vertical plane so as toincreasethe -
suction effect.of the downward memdlan com- i

ponents of the flow, -
The pipe 15 may be extended into the draft

‘tube any desired: distance or it:may be made

ad]ustable to have this distance varied. The

" pipe may be circular in cross section as shown

30

a5 o

in-Fig. 4 or generally oval or vane shaped
in section as shown at 15%in Fie. 5. This lat-

‘ter form will: give a narrower pive with less
-resistance to- the flow during normal opera-

rtlon when its Jonger-axisis arranged approx-

mately:to coincide with the ormal lines of

9 flow of the w ater in the:draft tube.

“With this air inlet extending inward to a

‘point within the outer wall of the draft tube

- the.air is carried through the swiftly moving

40

45

stream. of :water-at-the out51de andis 1ntro—

~.duced -into -the: central region:of. the tube-

which is filled with water not- partaking:of

~-the .general flow. . In this central space the-

water i is, of:course, subject to turbulernce and
local reversal of: flow with a tendency at times
to the-formation of a void'near the axis, that

s, a:cavity-where air-or vapor may: collect
“The use:of the airlinletof this invention is

" effective in’ eliminating the tendency toward

.shocks and: vibration without affecting- the

efficiency of the turbine orits power output.
‘As a means'ofintroducing airinto thebody

cof flowing fluid-in a conduit for the purpose

offilling-. voids or :cushiening shydraulic

-shocks, the ajr inlet meanshere described may

also be:applied torother hydraulic machmes’

partlcularly Lertrlfugal pumps.
wolvelaim

1.:In-a rotary hydl aulic machme the com—' '

“bination ‘with 'a-runnersand a water-conduit

i :1(:’;5 ‘

contzumn(r water flowing: With rotational ve-

locity: components about the axis of the:con-

‘dmt of an dirdnlet extending within the flow

in said conduit-and fviapted to pass air into
the interior.of:the body of water therein: .

-air-into-the mtellor of the ‘body of water
. therein:

‘bination with a water conduit-containing a

runner; of an:air'inlet 'extending: within-the

flow in said conduit and adapted to pass -

70

3. a rotnry hvdraulle machme the com-

: bmatlon with a water conduit: containing a

runner, of an air inlet extending inward from

4. Ina hydraulic: turbine- ‘the combln‘ltlon

.of va-draft tube and ‘an' air inlet" passing
through'a portion of the water stream within
said draft tube and openingat an:intermedi-
ate:point: within:the: body of water in said

draft tube.
oBlIna hydlauhc turblne the combma,tlon

duit and adapted to:passairinto said portion.
6. In a liydraulic:turbine the'comibination

swith-a water conduit containing'a runner; of
ban-air inlet-extending inward.: from the outer
‘wall to a'point intermediate between the cen-

ter and the outer wall of said conduit and
adapted to pass-airiinto said conduit.
7. In a.dydraulic turbine the combination

with & water:conduit eontaining arunner; of
~ancair inlet extending -through  the flow to-a
point:intermediate between the center ‘and

the outer wall of said conduit and’ adapted to
pass airinto said conduit.-

8. Jua hydraulic turbine the: comblna,mon‘i:

of a draft tube and an air inlet- passing

through a portion.of the water stream within
“saad dx aft-tube and-opening at an 1ntermed1— :

ate point. within the. body ‘of water in said

‘draft tube; said inlet terminating in: an end

obliquely inclined: to the -flow.

‘9. TIn a hydraulic turbine the combmatlon
with a water conduit: containing a runner,
of an-air inlet extending within the central
portion:of said conduit and adapted to pass®
air into said ‘portion and means for-auto:
matically admitting ‘air through said inlet -
upon occurrence-of predetermmed conditions
in-gaid conduit. .

10. In a hydraulic tur bme the combmdtmn
with a water conduit cont‘umnrr a runner,:of
a stationary air inlet e\tendmo' within the

’ﬁow in'said conduit and adapted to-pass air

into the interior of the body of water therein,
and adjustable means for controlling the rate’
of flow of ‘air into said conduit. ‘

11 In a hydraulic turbine the combmatwn

with a'water condmt containing a runper, of

a stationary air inlet: extendlnof within the
flow:in said’ condu*t and adapted to-pass air®
nte: the iritef 1ot of the body of water there-

in, and means for opening or closing said in-

let to the admission 'of . air, said means belncr

- controlléd by the position of the turbine: Gates
2. In axotary hydraulic machine the com- -

12 Ina hydrauh_e turbine the combination |

-a:sidetoward the central portlon of said con-:
duit and adapted to ‘pass:air into sald “por<:iTs
tion.:

80

leth a-water conduit:containing a runner; of -
an‘air inlet extending inward’ from the outer"-
wall toward the central portion of said con-

185
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100
105
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130,
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with-a water conduit containing a runner, of
a stationary: air inlet -extending  within the

-.flow in said conduit and adapted to pass air

710

“into the interior of the body of water there-

in, and remotely controlled valve means for

‘opening or closing the admission of air to said

inlet, said means being operated from any
convenient point. - e : o

18. In a hydraulic turbine the combination

with a water conduit containing a runner, of
an air inlet extending within said conduit and
adapted to pass air-into the interior of the

- body of water therein, said inlet passage be-

ing equipped with means for decreasing the

'sound of the entering air comprising a cham-
ber providing an enlarged compartment at -

the entrance end of said inlet.

-~ 14.'In.a hydraulic turbine-the combina-
tion with a water conduit containing a run-
ner, of an air inlet extending inward toward
the central portion of said conduit and adapt-
ed .to pass air-into said portion and means

~for-automatically admitting air through said
" inlet upon occurrence of predetermined pres-

26

sure conditions in-said conduit, and sound
decreasing means at the entrance to said in-

cleb. o . .

30

286

+.40

- -a§

© .50

65

©.680-
.with-a runner and a draft tube recsiving the
Mflow from said runner, of an air inlet extend-

65

15. In"a'hydraulic turbine the combihation
with a water conduit containing a runner, of

-an- air_inlet. extending within said conduit-
~and adapted to pass air into the interior.of

the ‘body of “water therein, and means for

- automatically closing said inlet npon the oc-

urrence of a tendency toward a reversal of
flow in order .to prevent the discharge of wa-
ter therefrom. , L

.16.-In a hydraulic turbine the combination
with a water conduit containing a runner, of
an air inlet extending inward toward the cen-
tral portion of said conduit and adapteéd to
pass air into said portion and means for auto-

‘matically admitting air through said inlet

upon occurrence -of predetermined pressure

conditions in said conduit and automatically -

closing said ‘inlet to prevent reverse- flow
therein. o ' '
17. In a hydraulic turbine the combination

-with a runner and a draft tube receiving the.

flow from said runner, of an air inlet extend-

ing inward from the outer wall toward the
‘central portion of said draft tube and adapted

to pass air into said portion. \ -

- 18. In a hydraulic turbine the combination
with a runner and a draft tube receiving the
flow from said runner, of an air inlet extend-

ing inward to a point intermediate between
-the axis and the outer wall of said draft tube

and adapted to pass air into said portion.
-19. In.a hydraulic turbine the combination

ing within the central portion of. said draft
tube and adapted to pass air into said portion
and means. for automatically admitting: air

~that of the air outside.

~1,848,738

upon occurrence of
in said draft-tube. * S :
~ 20. In a hydraulic turbine the combination
with a runner and a {raft tube receiving the

predetermined conditions

flow from said runner; of an air inlet extend- -

ing inward through the flow toward the cen-
tral portion of said draft tube and adapted to
pass airinto said portion,said draft tube hav-
Ing a central core with an annular passage
around it. o o '

21.-Ina hydraﬁlic'tufbine the combination.

of a draft tube and ‘an air inlet passing
through a portion of the water stream within

said draft tube and opening at an intermedi- ,

ate point within the body of water in said
draft tube, said inlet.comprising a hollow
vane-shaped member-positioned to give small
resistance to the flow. o R

22. In a hydraulic turbine the combination

with a water conduit containing a runner, of

‘an airinlet extending inward toward the cen-

tral portion of said conduit and adapted to
pass air.into said portion and means for auto-
matically admitting air through -said:inlet
upon occurrence of predetermined conditions
in said conduit comprising spring-controlled

check valve means: -

23. In a hydraulic turbine the combination
with a water conduit containing-a runner, of

an air inlet extending within the central por--

tion of said conduit and adapted to pass air
into said portion and means for automatically
admitting air through said inlet-upon occur-

_rence of any desired degree of pressure differ-.
conduit and

ence between the pressure in said

~ 24, In ahydraulic turbine the combination
with a water conduit containing a runner, of

70

5

80

85

90

160

a. stationary-air-inlet admitting air to the

central portion of the conduit and adapted to
‘pass air into the body of water therein; said

Inlet passage being equipped with means for
decreasing the sotnd of the elitering air.

25. In-a'hydraulicturbine the combination”
with a water conduit containing a runner, of
-a stationary air inlet admitting air to the cen-
-tral portion of the conduit and adapted fo

pass-air into the body of water: therein; said
inlet passage being equipped with means for

decreasing the sound of the entering air and

-comprising a plurality: of openings.

26. In a hydraulic turbine the combination
with a water conduit containing a runner, of

-a stationary passage having at least a portion
thereof converging to.form an air inlet ad-

mitting air to the central

t portion of the con-
duit and adapted to pass

air into the body of

- water therein, said -inlet passage “having a

plunger valve thercin for ‘admitting- air
through said inlet. ol R

27..Tn a hydraulic turbine the combination
with. a water conduit containing a runner, of

‘a stationary air inlet passage admitting air

to.the central portion of the conduit and

adapted to" pass air into the body of water

105

110

115
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125

130
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therein, said inlet passage being equipped -

~with" converging means for decreasing the
~sound-of the entering air, and a plunger valve

‘within said inlet
through said inlet.
- 28.-In a hydraulic turbine the combination
with'a ‘water conduit containing a runner, of
a stationary air.inlet admitting air to the

passage f(l)r> admitting air

central portion of the conduit and adapted

to pass air into the body of water therein,
said inlet passage being equipped with means

- for decreasing the sound of the entering air
- comprising a plurality of restricted openings.

-29. In a hydraulic turbine the combination

5 with a water conduit containing a runner,

of a stationary air inlet admitting air to the

- central portion of the conduit and adapted
*to_pass air into the body of water therein,

¥
fat

€2
.t

said inlet passage being equipped with means
for imposing a resistance to the flow of air
therethrough in order to provide low veloci-
ties and consequent avoidance of the creation
of sound waves. ‘
30."In a hydrauli¢ turbine the combination
with a water conduit containing a ruriner, of

a'stationary air inlet admitting air to the cen-
“tral portion of the conduit and adapted to

" pass air into the body of ‘water therein, said

- inlet passage being equipped with means for
30

imposing a resistance to the flow of air there-
through in order to provide low velocities
and consequent avoidance of the création of

-sound waves comprising a plurality of tortu-

40

ous passages for the air flow. ,

81.- Ina hydraulic turbine the combination
with a water conduit containing a runner, of
a stationary air inlet admitting air to the cen-
tral portion of the conduit and adapted to pass
air into the body of ‘water therein, said inlet

‘passage having an opening in contact with the
moving water in the turbine so formed-as to

make the velocity head of said water effective
inreducing the pressure at said opening below
the static pressure-in the water and permit-

v ting drawing air into the turbine when the.

water pressure is above ‘that of:the atmos-.
phere. - e L

:82. - In a hydraulic turbine the combina_tion"

with a water conduit containing a runner, of

% an air inlet extending inward toward the cen-

tral portion of said conduit and adapted to

- pass air into said portion, and plunger valve

™

i

65

means - for —automatically admitting - air
through said inlet upon occurrence of prede-
termined conditions in said conduit and in-
dependently of the turbine speed. '
33. In ahydraulic turbine, the combination
comprising a water conduit containing a run-
ner, an air inlet adapted: to pass air into said
conduit below ‘said runner, and means for

admitting ‘air through said inlet automati-

cally only -upon occurrence of a predeter-
mined ‘part gate operation.

-84, In ahydraulic turbine, the combination
comprising a water eonduit containing a run-

‘centric.converging passages.

ner, gate operating mechanism for said tur-:
‘bine’ including: 'a servo-motor, an:air inlet

adapted to pass air into-said-conduit, and::
means admittitig air through said inlet atos
matically upon occuirrence of a predetermined

position of said setvo-motor; said automatic-
means including a-valve and ‘a’cam movable -
with said servo-motor addapted to etfect actua-

tion of said valve when reaching a predeter-

mined position in the servo-motor movement.'

=35 In ahiydraulic turbine, the combination -

_comprising a water conduit containing a run-"
ner,a passage for' admitting air to said’con-"
duit, and an inlet for said passage equipped::

with‘means’for decreasing the -sound of the
entering - air comprising a plurality of con-
verging passages. , BE

36. Inahydraulic turbine, the combination
comprising a water conduit containing a run-
ner, a-passage for admitting air to said con-
duit, and an inlet for said passage equipped -
with' means for decreasing the sound of the
entering air comprising a plurality of con- :
verging: passages disposed. in opposite direc-
tions and communicating with each other.

37. Ina hydraulic turbine, the combination
comprising a water conduit containing a run-
ner, a-passage for admitting air to said con-
duit, and an inlet for said passage equipped
with means for decreasing the sound of the

entering air comprising a plurality of con--

38. In a hydraulic turbine, the combina-
tion comprising a water conduit containing
a runner, an air inlet adapted to pass air into

sald conduit, and means for admitting air

s

70

805
852

90:%

953

through ‘said inlet automatically only upon -
occurrence of ~a predetermined part gate -

operation, said’ means including a power: :
_actuated remote control:valve mechanism

105:

operated in accordance with the part gate ‘

operations. : :

39. In a hydraulic turbine, the combina-
tion comprising a water conduit containing
a_runner, ‘an air inlet adapted to pass-air
into said conduit, and means for admitting

- air through said inlet automatically only

16

upon “occurrence of a predetermined  part

gate operation, said means including a pres-

sure. fluid operated valve and:coéntrol means

therefor. , ‘ ‘
40.-In a hydraulic turbine, the combina-

116:

tion comprising a water conduit containing -

a’ runmner, an air inlet adapted to pass air
into said conduit, and means for admitting
air. through said inlet automatically only
upon occurrence of a predetermined part
gate operation, said means including a
spring-operated valve forsaid inlet.

41. In a hydraulic turbine, the combina-

‘tion comprising a water conduit containing

a runner, an.air inlet: adapted to pass air
into said conduit, and means for admitting
air through said inlet automatically only
upon, occurrence of a - predetermined part

120:

125
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gate . operation, :said means .including a
spring operated valve for said inlet and
power means for operatmg the valve acramst
the action of said spring.

492, In a hydrauhc turbme, the combma-
tion: compnsmg a- water conduit containing
a runner, an air. inlet adapted to pass air
into said conduit, and means for admittin
air through sald inlet. automatically only
upon occurrence. of a predetermined part
gate operation, said means including a valve
for said inlet and means for operatin the
same in one direction by pressure fluic and
in the other direction by a sprin
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