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During the flow of fluid through various
kinds of hydraulic apparatus it is frequently
desired either to accelerate or to retard the
velocity of flow. The acceleration of ve-
locity can be easily and efficiently accom-
plished, but it has been recognized that the
retardation or “deceleration” of velocity
has, according to the methods heretofore em-
ployed. involved an unavoidable loss of en-
ergy. The methods in common use for de-
celerating the velocity of flow have con-
sisted merely in carrying the flow through an
enclosing conduit, the cross-sectional area of
which, measured normally to the motion of
the stream, increases gradually in the direc-
tion of flow. Reliance is placed on this in-
crease in area, and the diverging walls of
the conduit, to cause the velocity to decrease.
It will be shown below, however, that this
method necessarily accomplishes the decel-
eration at the expense of a loss of a consid-
erable portion of the kinetic energy of the
flow; and it is the object of this invention
to reduce these losses, and thereby to enable
velocity to be decelerated more efficiently.

The method of this application consists
in directing the flow upward, and assisting
the desired deceleration by the direct down-
ward action of gravity acting upon the flow-
ing mass. Any particle of the stream if
moving upward freely and not influenced by
impact from the preceding or following par-
ticles, nor by viscous or tangential forces
from particles on either side, will have its
kinetic energy reduced by transformation
into potential energy of position—its ve-
locity head being reduced by the exact
amount that its elevation above any fixed
datum increases. By so forming the enclos-
ing conduit walls that all particles of the
stream will decrease in velocity by the defi-
nite amount called for by this relation, natu-
ral or “gravity deceleration” will be secured,
instead of the forced or induced decelera-
tion of the methods heretofore used.

Fig. 1 is a diagrammatic representation

of a portion.of a vertically directed simple

conduit illustrating the invention.

Fig. 2 is a similar view of a spreading
conduit.

Fig. 8 is a vertical sectional elevation of a
turbine draft tube illustrating the inven-
tion, and

Figs. 4 to 8 are diagrammatic illustrations
of modifications adapting the invention for

© use with pumps, turbines, etc.

Consider first a simple conduit in which
the flow is substantially parallel to the axis,
as in Fig. 1; and at any two sections ¢ and &
let the respective cross-sectional areas be
A, and A, the corresponding velocities v,
and v, and the elevations of the two sections
z,and z. For a substantially incompressible
fluid such as water the quantity flowing, Q,
measured in cubic feet per second, will be
the same at all sections in accordance with
continuity of flow; so that

1= 9 a,nd .A. = 9 .

" v
If the conduit is designed in accordance with
the principles of this invention, the veloci-
ties must have the relation

v, A

29 29

From these relations, the proper cross-sec-
tional area at any point can be found de-
pending upon the elevation of the point, to
carry out this method. For example, if the
ares A, and the velocity v, are fixed, the
amount for any other area such as A may

be computed from the above relations,
thus :— ‘

. ’U]Al
A= '\/’012’_29(2—21)

In order that the benefit of the method
of this-invention may be fully realized, suf-
ficient space should be available to allow the
necessary vertical length of conduit to be
secured.  If it is desired to decelerate fully
by this method, the flow from a given initial
velocity v, to a given final velocity v,, the
available height of conduit must be equal
to the difference of the initial and final ve-
locity heads, that is:—

+2 +2.

’012 'ng
= li=gg 9
When the initial flow contains whirl or
tangential components of velocity about the
conduit axis, for instance in the discharge of
a high speed turbine runmner, the vertical
height may in some cases be proportioned in
accordance with the total resultant velocit
at each point, instead of in accordance wit
only the vertical components of the velocity.
This refers particularly to a tube of the
“spreading” type as shown in Fig. 2. If the
height is proportioned so as to absorb the
entire resultant velocity, the pressure will be
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constant from point to point along the lines
of flow, except for the small effect of surface
friction. In other cases, however, particu-
larly when limited height is available the
method of deceleration by gravity may be
applied merely to the vertical or meridian
component of the initial velocity, leaving the
whirl eomponent to be converted by divert-
ing the flow away from the axis and reduc-
Ing its amount by the use of the principle of
constancy of moment of momentum, by
which the whirl components will vary in-
versely as the radial distance from the axis.
In such an upwardly directed tube (Fig. 2)
we thus have very efficient means of convert-
ing both the meridian and whirl components
of velocity, the meridian components being
decelerated by the method of this invention
and the whirl components by the use of a
conduit spreading away from the axis and
applying the principle of conserving the mo-
ment of momentum of the whirling flow.

In some installations it may be desirable
to provide a small additional height to offset
the tendency of the surface roughness of the
conduit walls to produce the effect of di-
vergence or enlargement; but if too much
increase in length is allowed, the increase in
extent of surface will more than offset any
gain.  On the other hand in many cases, par-
ticularly in small conduits where the surface
resistance is comparatively great, it may be
advisable to reduce the height a small
amount below that corresponding to the dif-
ference in velocity heads, in order to mini-
mize the total loss. When the space limits
do not permit sufficient vertical height for
complete deceleration by gravity, “induced”
deceleration or “diffusion” may be added by
giving the walls an additional divergence
beyond that required by the gravity decelera-
tion; but this additional divergence should
not exceed about 4° or 5° if excessive losses
are to be avoided. ,

A conduit having less height than that
corresponding to the reduction in velocity
head will secure some advantage from the
deceleration by gravity, but while the con-
ditions will be better than in a similar tube
having horizontal or downward flow, the
full benefit of this principle will not be se-
cured if the height is materially less than
the difference in velocity heads, since a dis-
tinct enlargement or diffusion loss will then
oceur.

It is of course not desired to reduce the
velocity completely to zero since it is neces-
sary to leave a certain final velocity of dis-
charge to carry away the water, but this final
velocity may readily be reduced to a small
value by a slight increase in height when
space is available for this and for the re-
quired area of the discharge passages or tail-
race.

In Fig. 3 of the drawings a specific em-
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bediment of the invention is shown illus-
trated in connection with a hydraulic tur-
bine having a vertical shaft S and an up-
ward discharging runner R. The inflow
entering by intake 10 passes through the
vanes of speed ring 11 and through guide
vanes 12 to the runner R from which it
discharges upward into the draft tube D
formed as an annular expanding passage

-around the central core C. The core C pro-

vides an inner surface 14 formed as a sur-
face of revolution of generally inverted
conical form. The outer surface 15 of the
draft tube is also formed as a concentric
surface of revolution spaced from the inner
wall to provide successive outflow arcas in-
creasing in accordance with this invention
to correspond to the gravity deceleration of
the discharge. The outer draft tube surface
15 terminates in a circular ridge or crest
16 preferably above tail water level ¢ so that
the discharge from the draft tube D into dis-
charge passage 17 passes abiove tail water
level in the form of a siphon. This siphonic
form of draft tube at its crest 16 may carry
the outflow above the tailwatér level and is
particularly adapted to take full advantage
of the principle of this invention sipce it
thus permits the draft tube to be of the ex-
actly desired length without requiring an
unnecessary lowering of the turbine runner
or increased excavation. The use of the
siphonic arrangement is in effect equivalent
to placing the entire discharge stream in a
partial vacuum.

In the turbine installation shown in Fig.
3, the draft tube D is of the spreading tvpe,
particularly adapted for a ‘whirling dis-
charge from the runner. The core C has a
concrete base 20 with a central bore 20* and
the hollow conical casting 21 is lowered
through the bore of this hase and suspended
from the annular shoulder 20® of the base
as shown. _The shaft bearing 22 carried
by the lower end of this casting 21 pro-
vides a support near the runner R. which is
built up of a hub 23 carrving the blades 24
in detachable sections so that the vertical
opening above will not have to be large
enough to pass the full diameter of the run-
ner, but only the diameter of the hub 923.

The outer wall 15 of the draft tube D
is formed by the surrounding portions 23
of the concrete subfoundation and by the
liners carried thereby. The whole arrange-
ment is simple and compact providing a con-
tinuous columnar support through stay vane
rings 11 and 26 and the annular concrete
body 25. The outflow passage 17 beyond
the crest 16 is large in area having a low
velocity of flow. _ o

The gradual and continuous increase in
area of the draft tube D provides for the
deceleration of the outflow at substantially
the same rate that gravity would decelerate
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it if freely discharged. The deceleration
may therefore be considered as due to the
retarding effect of gravity on each particle
of the flow. By this deceleration the pres-
sure is reduced below the corresponding
static pressure and the pressure reduction
varies directly as the depth at each point
so that the pressure is substantially con-
stant throughout the gravity deceleration
portion of the draft tube. When the run-
ner is depressed to a relatively low elevation
the velocity head at its discharge is high in
comparison with the net head on the turbine.
In the draft tube of this invention therefore

substantially constant pressure is main--

tained in that portion in which the velocity
head is high 1n comparison with the net
head.

It is the object of this method of deceler-
ating the velocity to diminish the losses
inherent in the ordimary method, which I
have termed deceleration by “diffusion”, in
which the deceleration is produced (or “in-
duced”) by the enlargement of area of the
enclosing walls alone, without the assist-
ance of the direct action of gravity.

If a jet of water at a considerable velocity
is discharged horizontally.into a large body
of water, the surface of the jet will experi-

ence retarding forces from the surrounding

water, and the outer portions of the jet will
be retarded to lower velocities, resulting in
a spreading of the jet in order-.that it may
occupy the necessary area to agcommodate
the given discharge at the reduced velocity.
By this action the entire stream is gradually
spread out or “diffused” and its velocity is
finally reduced to zero, its original velocity
head being dissipated. For instance where a
tube discharges into a body of water the jet
from the tube can be vividly seen to spread
and decelerate the drag of the water on the
jet, causing the water to circulate in closed
paths around the path of the jet. By enclos-
ing the jet in a gradually enlarging conical
passage having a small angle of divergence
of its walls, the dissipation of energy will be
reduced and the deceleration will be accom-
plished without the loss of the whole of the
initial velocity head. But whether a jet is
surrounded by a large body of water or by
an enclosing casing only slightly larger than

‘the free jet, any enlarging of cross-section

of the stream, and consequently any deceler-
ation, must be initiated by, and accom-
panied by, resistances acting on the surface
of the jet, and consequent losses. Without
such action the jet would continue un-
changed in area and velocity and there
would. be no velocity head conversion.

The diffusion loss can.be made evident
by reversing the flow through a horizontal
conical pipe. When the flow is in the direc-
tion involving contraction of area the loss

- of head will be merely that due to hydraulic

surface “friction”; but in the direction in-
volving enlargement an additional loss will
be observed; the velocities being kept the
same. This loss due to enlargement is
thus distinct from, and exists in addition
to the socalled “pipe friction” or surface
resistance loss. It is this enlargement loss,
or what I term “diffusion” loss, which it is
the object of this invention to reduce by dis-
charging the fiuid vertically upward, or at a
considerable angle with the horizonial, snd
by providing a vertical height correspond-

'ing to the velocity head, the conversion of

which is desired.

The niethod of this invention is applicable
to all points in hydraulic turbines, pumps,
ejectors or other hydraulic installations
where it is desired to convert kinetic into
potential energy of the flowing fluid.

In Fig. 4 the invention is illustrated in
connection with a vertical shaft pump hav-

ing impeller 30 on shaft 31. The flow en-

tering from intake 32 below passes upward
through the runner and into the deceler-
ating passage 33 formed to convert the ki-
netic energy of the flow into gravity head in
sccordance with the principle of this inven-
tion. This decelerator 33 thus takes the
place of a diffuser in the pump discharge
and sttains a much more efficient conversion
of the kinetic energy of the discharge with
& resulting increased efficiency for the pump
as a whole.

In Fig. 5 a horizontal shaft pump is
shown in vertical elevation with the runner
on shaft 41 discharging into a volute casing
42 in which the outflow is collected and di-
rected vertically upward into the conical
decelerator 43 formed in accordance with
this invention to give a lowering of the
flow velocity corresponding to the vertical
elevations at successive points.

In Fig. 6 the axis of the discharge decel-
erator 43’ is shown as inclined between the
vertical and horizontal positions. In this
inclined decelerator successive sections are
formed to correspond to the deceleration of
the flow at the mean elevations of the re-
spective sections. :

In Figs. 7 and 8 a horizontal shaft tur-
bine is shown having a runner 50 with sub-
stantially axial discharge into a draft tube

"D’. This draft tube D’ is of the spreading

type turning the flow and expanding it to
convert the energy of the whirl velocity

Anto pressure head and delivering it-to the

expanding spiral collector passage 51 open-
ing upward into the decelerator passage 52
formed in accordance with this invention to
expand accordingly as the velocity of the
outflow is lowered an amount corresponding
to the'action of gravity.

Instead of decelerating the velocity of a
fluid stream by enlargement of the cross-
sectional area of the enclosing conduit walls
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without regard to the general direction of
flow as it affects the elevation of successive
sections, this invention so relates the veloe-
ity head and the elevation head of succes-
sive sections that the velocity head will be

converted into elevation head, or gravity.

head.” Therefore instead of depending sole-
ly upon the retarding effect of slowly mov-
ing water reacting upon the faster moving
water, as In an ordinary diffuser in which
the velocity head is converted into pressure
head, the deceleration of the stream is as-
sisted by the direct action of gravity upon
the fluid particles, so proportioning the sur-

rounding conduit walls that the deceleration

will take place at substantially constant
pressure, the velocity head being reduced
at a rate definitely corresponding to the in-
crease in elevation of successive sections of
the stream. By enclosing the stream by
walls proportioned in accordance with the
reduction.in velocity head corresponding to
this principle, a conduit is provided in which
the deceleration may be considered to be
produced by gravity rather than by dif-
fusion. As applied to hydraulic turbines
this principle secures the reconversion of
velocity head of the water discharged from
the runner into effective elevation head in
a manner so much more efficient than any
heretofore applied. that notable improve-
ments may be effected in the design and per-
formance of turbines particularly increases
in their efficiencies and a notable extension

? in the range of available specific speeds. -

It is estimated that decelerators capable
of converting velocity head into effective

- head with a loss of less than ten percent of

40

the velocity head can be constructed by the -

use of these principles, and the principle of
this invention will be applicable with ad-
vantage in many situations where the decel-
eration was heretofore usually accomplished
in_downward directed passages.
I claim :— ,

~L. A tube for transforming kinetic energy
of flow into potential energy, the cross sec-
tional areas of said tube at successive ver-
tical points being regularly enlarged, in ac-
cordance with the vertical elevation of said

. points above any given datum, so that the

60

velocity is so related to the elevation at each
section that the sum of the velocity head and
elevation above said datum will remain sub-
stantially constant. ' o

2. A hydraulic conduit having areas so
proportioned that for a definite quantity of
fluid flowing the velocity computed by divid-
ing the quantity by the area is so related to
the elevation of the section that the sum of
the velocity head and elevation above any ar-
bitrary datum will remain substantially con-
stant for each section.

3. A hydraulic conduit for transforming

kinetic energy of flow into petential energy

1,600,049

arranged so that the difference in elevation
between its inlet and discharge ends is equal
to or greater than the difference in the veloc-
ity heads of the entering and discharging
water. ‘

4. A hydraulic conduit for transforming
kinetic energy of flow into potential energy
arranged so that thé difference in elevation
between its inlet and discharge ends is equal
to or greater than the difference in the veloc-
ity heads of the entering and discharging
water, and having inlet and discharge areas
proportioned in accordance with said velocity
heads. . . _

5. A hydraulic conduit for transforming
kinetic energy of flow into potential energy
arranged so that the difference in elevation
between its inlet and discharge ends is equal
to or greater than the difference in the veloc-
ity heads of the entering and discharging
water, said velocity heads being computed in
accordance with said inlet and outlet sec-
tions.

6. In a hydraulic machine or apparatus,
means _for decelerating the velocity of flow
comprising an upwardly directed conduit
having successive areas proportioned to
maintain the sum of the velocity head and
elevation substantially constant.

7. A hydraulic conduit for transforming
kinetic energy of flow into potential energy
arranged so that the difference in elevation
between its inlet and discharge ends is equal
to or greater than the difference in the veloc-

ity heads of the entering and discharging

water, said velocity heads being computed to
include the velocity components in planes
containing the axis of the conduit.

8. In a hydraulic machine or apparatus,
means -for decelerating the velocity of flow
comprising an expanding conduit having a
substantially constant pressure throughout.

9. In a hydraulic machine or apparatus,
means for decelerating the velocity of flow
comprising an expanding conduit in which
the difference in pressure at one end and the
other is substantially less than the pressure
head corresponding to the height of the con-
duit from one end to the other.

10. In a hydraulic machine or apparatus,
means_for decelerating the velocity of flow
comprising an expanding conduit in which
the variation in pressure is substantially less

than the pressure head corresponding to the

height of the conduit, a: d a discharge pas-
sage from said conduit dis_harging below the
water surface and having an area such that
the velocity head is low compared with the
velocity head in said conduit. ‘

11. In a hydraulic machine or apparatus,
means for decelerating the velocity of flow
comprising -an expanding conduit having
substantially ' constant pressure throughout
and of sufficient height to decelerate the
major portion of the velocity. '
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12. In a hydraulic turbine, a- draft tube -
in which the elevations of successive sec-.

tions increase to maintain substantially con-
stant pressure throughout the  portion in

which the velocity heads are high in com-

parison with the head on the turbine.
18. A draft tube having its cross-section-
al area increasing upward so that it is

“adapted to decelerate the velocity of cutflow

from a turbine runner with only such en-
ergy losses, as are due to pipe friction.’

14, In a hydraulic machine or apparatus,
means for decelerating-the velocity of flow
comprising a conduit adapted to decelerate
the meridian component of velocity at a rate
corresponding to the rate of deceleration
by gravity. = o

15. In a hydraulic machine or apparatus,
means for decelerating the velocity ‘of flow

comprising a conduit adapted ‘to decelerate

the meridian component of velocity at a
rate corresponding to the rate of decelera-
tion by gravity, and having a spreading flow
outward away from the axis of the conduit
to decelerate the velocity of whirl.

16. A conduit constructed and arranged
to convert velocity head into elevation head
without substantial change in intensity ot
pressure at successive points in the conduit.

17. An upwardly directed conduit con-
tinuously enlarging in cross sectional area
at a rate corresponding to the deceleration

" due to gravity and so formed that the loss of

35

head for a given quantity of fluid flowing

-per second is independent of the direction ol

ow. ,
18. The method of converting kinetic
energy of flow into potential energy com-

. prising directing the flow upwards and en-

40
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closing it within walls forming a conduit,
the cross-sectional area of which enlarges in
the direction of flow an amount sufficient lo
reduce the velocity from one point to an-
other in such proportion that the velocity
head diminishes by the same amount that

the elevation increases.

19. The method of converting kinetic
energy of flow into potential energy com-
prising directing the flow upward and guid-
ing it between walls on expanding lines such

that the pressure is maintained substantially

the same.

e

20. The method of converting kinetic en-
ergy of flow into potential energy compris-
ing directing the flow upward and guiding
it between walls on expanding lines 'such
that the pressure at the lower portion of the
stream is substantially the same as that at
the upper portion of the stream.

21. The method of converting kinetic en-
ergy of flow into potential energy compris-
ing directing the flow upward and guiding 1t
between walls on expanding lines such that
the sum of the velocity head and elevation
is substantially constant.

92. The method of converting kinetic en-
ergy of flow into potential energy compris-
ing directing the flow upward and guidin
it between walls on expanding lines suc%
that the sum of the velocity head and eleva-
tion is substantially the same ‘at the upper
portion of the stream as at the lower.

23. A hydraulic conduit for transform-
ing kinetic energy of flow into potential en-
ergy, in which the decrease in velocity head
from one section to another is not greater
than the increase in elevation of the second
section above the first. '

24. A hydraulic conduit for transforming
kinetic energy of flow.into potential ener-
gy in which the decrease in velocity head
from the entrance to the discharge section
is not greater than the increase in elevation
of the discharge section over the éntrance
section. N

25. A hydraulic conduit for trapsform-

ing kinetic energy of flow into potential en-
ergy in which the decrease in velocity head
from the entrance to an intermediate section
of said conduit is not greater than the in-
crease in elevation of said intermediate sec-
tion sbove the entrance. ,

26. In a hydraulic machine or apparatus
a velocity decelerator comprising an ex-
panding conduit arranged to carry the flow
through an increase in elevation, the cross-
sectional areas at the entrance and discharge
ends of said decelerator being so propor-
tioned that said increase in elevation is
equal to a major portion of the difference in
velocity heads at said entrance and dis-
charge sections.

LEWIS FERRY MOODY.
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