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This .invention irelites ‘to a ‘draft tube
for -a hydraulic ‘turbine ‘and particularly
to o draft tube .or -discharge passage an

R LG : . LT lp . . :
waich the flow is turned ‘from the generally
axial ‘direetion ‘to a direction -4t -an angle

thereto. In making such-a'bendl, the design
‘of ‘many existing ‘tubes failsito take ‘proper
account-of all eomponents: of ‘the vélocity of
discharge from a ‘turbine runner. The re-
sult 1s that wasteful eddies and: disturbances
are's8t up, wiich-often cause sericus vibra-
vion - of the wdter column and Trequently of
‘the eritive powerhouse founddtion ; and such
... eddy formation, besides representing awaste
e -of-energy-and loss of é C1ency, may in some
tases-cause sdrious damage to the structiive take passage 5 leading through vanes’to'the
through vibration and erosion. In'manvy in- urnner 7 Which “discharges vertically down-
stallations it has been necessary to redesign  ward into the ‘draft tithe D of elbow shape,

‘In‘the accompanying drawings illustrating
thednvention = T

Fig. Tisavertical sectional view of o draft
tube of'the elbow type ‘with central surfaces
tormed in mecordance with this Anvertion.

igs..2t0 14 are sectional views of modifica-
tions showing the application of the inven-
tion to different forms of tube :and various

&n

conditions of flow. N
Higs. 15 and 16:ares:modifi
dratttube,;and S
Flig. 17 1s 'a ‘sectional ‘view ‘on Hine 1714
In the:specific embodiment of the inven-
tion:shown in Fig, 1 aturbine T has:an in-

10 60

ed forms i'o'-f-. ‘the

—

the entire draft tibe'passages or'to admitair

- rt

Tecerving theflow vertically and:discharging

.- -l'}r“'\

fypy Lt

49

50

to the discharge from the 'runneriin‘order to

reduce -the shocks: due 'to the hiydranlic dis-
‘turbance, ‘but this intredudtion of ‘air does

0ot avoid wasteful -disturbances of the flow

‘and by reducing ‘the ‘vactuum at ‘the runner
ischarge further decranses the efficiency of
theturbine. Inmanyinstallationsthe avail-
ublespace which:ean beoccupied by the draft
tube 18 limited, ‘particularly in ‘a ‘horizorntal
‘threction meastred lengthswise of ‘the power-
aolze; 1t being frequently Hecessary to malks

this dimension small topermit a close spacing

o1 successive units-and a
‘poewerhouse. |
The -cbject -of the present invention is to
overcome the objections ‘to prior strudtures
and provide a-drafttube adapted to 'turn the
fow g%
cessive disturbance andiobstruction and with-
m Hmited Igteral -dimensions permitting a

“4 i B ': et ""E :
CLOBT [SRACING OF
_-: v '
h

shorttotal length of

adjacent turbine units. In
1ctiiar, this mvention compiises the for-

surfaces adapted to give the p assage

annular Tormation spreading the
newoutward from the axisand svhen applied
o winrling flow conforming ‘to the lines ot
How which the stream lines tend o take and
Preventing a
et wasteful disturbances.

righv angles to the axial without ex-

watzon within the bend of the dvaft tube ‘of

'S DOTLion near the beginning of the band:a, consequences.  This

“when the turbine is supplied through a long ¢

23 Tar as possible the formation

1t "horizontally
draft tube D 15

into ‘the tailwater T. The °
of igenerally ‘circular section

n its ‘etitrance ‘portion and its bend has an
1nner-curve at'8and an ocuter curve gat:9turn- -

ing the flow th-r‘du;g’bEa}pproﬁima’ce‘ly'%i In
such a draftitibe, 1t has been foundthat cross °
currents and disturbances dre set :up under

practically -all conditions of operation: and

Trequeritly -it is found ‘that in ‘such tubes a
portion of ‘the passage is ‘occupied by water

flowing upward toward the runner. The ©
conditions insuch a ‘tube:dre particularly un-

raverable inturbines ot'high specific' speed in
which the discharge from the runner at all

‘gate :openings ‘contains large “whirl ‘compo-
nents of velocity ‘about the ‘turbine axis. In®

some turbines ‘of low ‘specific ‘speed, there
may be opersting conditions at-approximate-
1y normal gate in which ‘the discharge ‘from

the runner contains little "-Whir_l ‘about ‘the
axis, but even in such installations there is -
severe whirl at-part gate and wide open gate

operition; and ‘the whirl sét up in the draft
tube under such conditions may have serious
' 1s particularly ‘true

penstock 1n ‘which water hammer-or surging
may be sétup'by'the draft tube vibration.
When the flow entering the draft tube con-
‘talns large rotational motion about the axis,
there isa tendency for a space to'beleft with-

O
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in the downward flowing stream in which the

flow is frequently upward toward the runner

and in which the conditions are unsteady.
In the horizontal portion of the draft tube,
the flow is frequently outward on one side
of the tube and reversed in direction on the
other side. ' | | -

To avoid this wasteful disturbance of the
flow and the accompanying loss of power and
efficiency, as well as danger to the power
house structure through vibration, there 1s
added in accordance with this invention 2
core C in the form of a cone with its apex 12

at or near the axis of the tube and its sur-

faces formed generally as surfaces of revo-
lution co-axial or nearly so with the entrance
portion of the draft tube. The surfaces of
the cone expand and curve downward to a
base 14 resfing on the outer curve 9 of the
draft tube elbow. This core C may be of met-
al or of concrete built up from the bottom ot
the elbow in the general direction of the tur-
bine axis and extended upward any desired
distance. The core, if of concrete, would con-
tain proper reinforcement and would be
honded to the surrounding structure by an-
chor rods or reinforcing rods such as 1s shown

at s, Fig. 1. This reinforcement 1s necessary

to withstand the tendency of the core to be
drawn upward by the reduction of pressure
in the draft tube. - -

- The outflow through the draft tube is thus
ouided into annular form around the central

core (! within the elbow and the core fills any
void that may tend to form and provides

central surfaces around which the flow may

pass on naturally whirling lines to the lower
horizontal portion 20 of the draft tube. The
side 16 of the core has a longer surface than
the opposite side 17 and may extend some-
what into the horizontal discharge portion
90, while the corners 21 formed by the meet-
ing of the core and tube surfaces are round-
ed off in smooth and even manner. Iin many
existing tubes of the elbow type, the flow is

not only turned sharply at the elbow, but

the cross sectional areas of the passage en-
large with undue rapidity in passing around
the bend so that the flow does not fill the en-
tire passage. The central core is of value in
reducing the excessive areas in such tubes
and is of advantage when used with non-

whirling flow, in addition to providing for
the tangential components of flow when the

flow is whirling. | :

In some cases it may be desirable to make
the core G somewhat non-circular in section
in order to accommodate it to the areas of the

particular form of bend involved or 1t may

be desirable to cut away or build up portions
of the surrounding tube surfaces to give de-

sired form to the water passage around the
cone. | o

Tn the modification shown in Fig. 2 the
draft tube D’ instead of having a curved el-

&
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bow turns the flow at right angles against
a. deflecting surface d and collects the spread-
ing flow in the surrounding passage 50 lead-
ing to tailwater at 81. Such a form ox draft
tube causes abrupt changes in velocity of
the flow and has been found in practice to set
up serious vibrations of the water column.
To overcome this objection in accordance
with this invention a central core C 1s shown

built up on the deflector suriace ¢ and ex-

tending into the draft tube I’ any desired
distance and forming the lower end of the
draft tube into a spreading annular passage.
Preferably the surfaces of the central core
(’ are so spaced with relation to the draft
tube surfaces as to form a passage gradually

increasing in arvea across the lines of flow so

that throughout the draft tube there will be
a zubstantially continuous deceleration of the
fAow and resultant conversion of velocity
head into pressure head at the outlet.
In the formation of the central core 1t is
desirable to avoid obstruction of the flow as
by sudden changes in velocity or direction.
In some existing installations the shape of
the outer wall may be such that the restric-
tion caused by the central core may interrupt
the desired gradual enlargement of the cross
section but the smoother flow lines and ab-

sence of vibration with the resulting increased

efficiency and reliability will more than off-

set, any loss due to the short contracted por-

tiom.

In the modification shown in Figs. 3 to 8
the draft tube elbow 385 begins to curve to-
ward the horizontal immediately at the run-
ner discharge and its design is such as to
provide an excessively large final outlet pas-
sage 36. The cone 37 built into this tube has
its surface 38 carried out into a flat floor 39
above the elevation of the original floor 40.
As is clearly shown in Figs. 6 and 7, which
are sectional views on lines 6—%6, T—7 ot
Fig. 3, this reduces the cross sectional area
of the outlet passage so as to avoid the for-
mation of obstructive countercurrents and
eddies. Fig. 5 is a sectional view on line 5—o
of Fig. 3 and shows the eccentric position
occupied by the core 37 with relation to the
center 41 of the portion of the passage in
which it is set. This core 1s however shown
as vertically concentric with the center of
the entrance 42 to the draft tube as shown
in Wio. 4 which is a plan view with dotted
lines 48 representing the extreme horizontal
width of the tube at various sections. The
initial portion of core 37 is shown as formed
as a surface of revolution around a vertical
ax1s.

This shape is however modified for in-
stance to give the core surfaces a generally
spiral formation as indicated by lines 45 1n
Fig. 16 which is a sectional view on line
16—16 of Tig. 15. The rounded entrance
edge of this spiral is shown by the line 45"
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of Figs. 15 and 17.. This form of passage
allows a greater area of the passage on one
side of the central plane »—p of the draft
tube than on the other, thus providing for
one side produced
the whirl, so that this form will in some cases
be preferable in providing for
components of flow. -

In draft tube 46 of Figs. 9 and 10 the
curvature commences close to the runner dis-
charge and the core 47 is installed close to
the runner. As indicated at lines 477 in Fig.
9, the core is carried all the way up to the
runner and merges
surface 48 of the core is carried down far
enough to merge with the original floor 50
cf the tube. _
taken on the line 10—10 of Fig. 9 and indi-
cating by dotted lines 51 the extreme hori-

zontal width of the passage at various points.

In Figs. 11 and 12 the draft tube 55 has g
straight entrance portion 56 and a horizontal
outlet passage 57 which is flat in section.
The core 59 for this draft tube is located at
the elbow portion and has its surface 60 ex-
tending to the final outlet edge of the passage
thus providing an inclined floor 61 above the
original floor 62 and extending across the
Passage as indicated in Fig, 12 which is g sec-
tion on the line 12—19 of Fig. 11,

In Kigs. 13 and 14 a draft tube is shown
formed in accordance with this invention and
involving & turning of the flow within an
unsymmetrical annular space which is only
lightly flared on the upstream side and

laterally. This embodiment of the invention
1s particularly advantageous in g1ying

smeoth and eflicient flow lines while keeping
the overall width within a narrow lateral
space s0 as to permit a close spacing of a
series of drafi tubes in a powerﬁouse foun-
dation. In the tube of these figures the en-
trance portion 65 is straicht with a limited
flare 66 at the lower end. This flare may
be in-
creased on the downstream side af §67. A
core 67 1s provided projecting into the flared
portion of the tube and having its base por-
tion 68 on the upstream side connected to

> the flared porticn of the tube by surface 69

which may for instance be semi-circular or
approximately so around a center 70 eccen-
trically displaced downstream with relation
to the axis of the entrance portion of the
draft tube as shown in plan view in F 10. 14.
This surface extends around the core 67 and
merges with the sides 71 of the outlet 72 of
the draft tube, which outlet hag
tace 73 and floor

4. The spacing between

- the flare 66, 66" and the surface of the core

67 may be made the same all around or it
may be increased on the downstream side as
compared with the upstream side. In the
draft tube of this invention the surface 69
connects with the flaring portion 66 of the

by
the whirling

with the runner hub. The

In Fig. 10 a section is shown

a top sur-

]

curve to 90° from the axial direction and
thus the passage around the core 67 has a lim.
1ted flare on the upstream side and laterally
while the flare 66’ on the downstream side is
completed to substantially right angles to the
axial to merge with the top 73 of outlet 72.

The flow will therefore be unsymmetrical
around the axis, a greater portion passing
side of the central core

on the downstream
than passes on the upstream side. This con-
struction gives a limited flare to the vertical

3

draft tube before this flare has completed its

70

portion of the draft tube reducing the lat-

eral width of the passage around the core 67
and permitting closer spacing of the turbines
In the powerhouse and a reduction in the _
width of the cavity in the powerhouse sub-

structure below the turbine.” -

The Invention is not confined to the spe-.
cific draft tubes shown but may be applied

to draft tubes of horizontal shaft turbines
or various other forms within the principles

‘above set forth. In some cases it may be de-

sirable to cut away an existing draft tube for
the base of the cone or to provide anchorage

rods s (Fig. 1) between the tube and the cone,
1t being understood that the principles of

B9

090

my mvention are not only applicable to the

reconstruction of existing draft tubes bug
may be equally applied and embodied in
newly buiit draft tubes. The result is that

with a floor 89 which in longitudinal section
such as shown in 10, 3 would be composed

of substantially straight line elements along -
the major portion of its length while in trans-
- verse section, which is usually considered as

being normal to the direction of flow, the sur-
tface 89 would be hicher at one point than

~at another such as shown in Fig. 6, thus pre-

senting a ridge disposed longitudinally
along, preferably, the central axis of the out-
let 38 and extending to the terminus of outlet
28 to which point the ridge is substantially

tully maintained, It is 2150 to be noted that "Il

In Fig. 6 the ridge immediately below nu-
meral 38 1s speeifically shown of convex LOT-
mation in opposed relation to the roof which
18 herein specifically shown of coneave for-
mation, although it is of course
parent that other specific

readily ap-
formations and ar-

~a newly formed draft tube may be provided

“105

.
ol
C1

rangements might be employed while main-
taining the principles of the invention and

without departing from the spirit of the in-

vention as set forth in the appended claims. 3~

I claim :— | . o
1. A hydraulic draft tube having a central

core concave away from the turbine axis in

sections containing’ said axis, and an outer

surtace unequally spaced from said core (327

around the circumference thereot at points

equally distant from the turbine axis, said
outer surface flaring substantially from ver-

“tical o horizontal upon the gide oi the draft

tube downstream

from said turbine, and flgr-

1‘*_:‘1“_,?' ™\
LI g
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oreater cross-section o

2

ing outward to a less extent on the side up-
streamn from the turbine axis. o

9. A draft tube having a central core pro-
jecting upward toward the runner from the
bottom of said tube and an
curving substantially from vertical to hori-
zontal on the downstream side of the draft
tube and curving fo a less extent and not at-
taining a horizontal direction on the up-
stream side of the draft tube. .

3. A draft tube comprising for at least a
portion cf its lengtn an annular passage ol
oreater cross section on one side than on the
other. ' o |

4. The combination with an elbow type

draft tube, of an auxiliary core in the curved
portion of said draft tube forming an annu-
lar passage of greater creoss section on one
side than on the otaer. B "

¥ The combination with a draft tube of
the elbow type, of a core in the curved por-
tion of said draft tube projecting upward
£vom the outer surface of the elbow to lower
the rate of increase in area so as to avold
obstruction and more eificiently convert ve-
locity head into pressure head. -

6. A draft tube comprising for at least
a portion of its length an annular passage of
one side than on the
other and having means providing a spiral
surface in said tube. D |

7 The combination with an elbow-type
draft tube, of a core in the curved portion
thereof forming an annular passage of great-
o1 cross-section on one side than on the other,

“and at least a portion of said core having a

spiral surtace. o

3. A draft tube comprising an axially ex-
tending straight portion adapted to deceler-
ate the flow, a deflecting portion of generaily
elbow formation turning the flow from axial
to radial while simultaneously decelerating
it and comprising a bottom deflecting surface
and spreading side walls, a radial discharge
passage receiving and decelerating the radi-
allv directed flow and having 1ts width at
least twice its height, and means forming a

spiral surface in said dratt tube. -

9. A draft tube of generally elbow forma-
tion having a bend for turning the flow from
an axial portion to a radial portion, the up-
stream surface of the elbow bend lying sub-
stantially entirely on the downstream side
of the upstream surface of said axial por-
tion, and means forming a spiral surface in
sald tube. - | |

10. A draft tube comprising an axially

extending straight portion adapted to decel-

erate the flow, a deflecting portion of gen-
erally elbow formation turning the flow from
axial to radial while simultaneously decel-
erating it, and a horizontal portion ‘also
adapted to decelerate the flow, and said elbow
formation being so proportioned that the rate

outer surface

1,897,501

draft tube is lowered when passing around

" said elbow formation and is subsequently 1n-

creased in the horizontal portion. |
11. A draft tube of generally elbow for-
mation comprising inlet and outlet portions,
said outlet portion when cut by a transverse
plane substantially normal to the flow pre-
senting a surface curved to provide 2 ridge

of greater length than its greatest width.

19. A draft tube of generally elbow for-
mation comprising inlet and outlet portions,
said outlet portion when cut by a transverse
plane substantially normal to the flow pre-
senting a convex surface disposed so as to
provide a ridge of greater length than 1ts
oreatest width and extending in a down-
stream direction to the terminus of sald out-
let. .~
18, A draft tube of generally elbow Torma-
tion comprising inlet and outlet portions,
snid outlet portion having floor and roof sur-
faces, one of which when cut by planes nor-
mal to the flow being convex 1o provide a
ridge and the other surface being concave.

14, A draft tube of generally elbow for-
mation comprising inlet and outlet portions,
said outlet portion when cut by a transverse
plane substantially normal to the flow pre-

senting a ridge disposed centrally and ex-

tending longitudinally of said outlet portion,

said ridge in the direction of flow having

substantially straight lines for the major por-
tion of its length. -

15, A draft tube of generally elbow for-
mation comprising inlet and outlet portions,
said outlet portion having a ridge between

jts sides extending longitudinally to the fer-

minus of said outlet to which point the ridge
is substantially fully maintained.
16. A draft tube of generally elbow forma-

tion comprising inlet and outlet portions,

said outlet portion having a floor provided
with a longitudinally extending ridge.
17, A draft tube of generally elbow forma-
tion comprising inlet and outlet portions,
said outlet porfion having a ficor provided
with a longitudinally extending ridge dis-
posed along the center axis of the floor.

18. A draft tube of generally elbow for-

mation comprising inlet and outlet portions,

said outlet portion having a floor provided
with a longitudinally extending ridge dis-
posed along the center axis of the fioor, sald
ridge in longitudinal section having substan-

tially a stralght line for the major portion

of its length and extending to the terminus
of the outlet. o
 HARVEY BIRCHARD TAYLOR.

65 f increase of the cross sectional area of the

70

80

90

100

105

110

115

120

125

130



	Drawings
	Front Page
	Specification
	Claims

