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Specification of Letters Patent.

Application filed February-10, 1912. Serial No. 676,819.

7o all whom it may concern :

Be it known that I, Auperr DBarpwin
Woop, a citizen of the United States, and a
resident of New Orleans, parish of Orleans.
State of Louisiana, have invented an Im-
provement in Hydraulic Turbines, of which
the following is a specification.

My invention has reference to hydraulic .

turbines and consists of certain improve-
ments which are fully set forth in the fol-
lowing .specification and shown' in the ac-

companying drawings which form a part

thereof.

My improvements are more particularly
designed for purposes of pumping water,
but may be employed, without material
change In structure, a§ a hydraulic turbine
for providing motive power. I therefore,
do not restrict myself to the use to which my
invention may be applied, although in most
cases it will be utilized as a hydraulic pump.

The object of my invention is to provide
a construction in a turbine or rotary screw

pump which shall be especially adapted for,
handling large quantities of water at rela-

tively low heads and which, moreover, shall
be positive in action at various speeds with
capacity for moving the water with a mini-
mum slip. The general type of pump may

be designated as one having axial flow and.

hence, in its use for pumping water, may
be called an-axial flow pump in the class
of hydraulic turbines. .

My object is further to provide a construec-
tion which shall develop very high efficiency
and capable of retaining said efficiency when
being driven at relatively high speeds;
thereby reducing the cost of the engine or
motor required to drive the turbine or
pump. o '

My invention embodies in its construction
a body having a tubular passage terminat-
ing in inlet and outlet portions and also
having intermediate portions divided inte
annular passages in alinement adjacent tc
each other, one of said annular passages
being in communication with the tubular

passage on the inlet side -and the other in-

communication with the tubular passage on
the outlet side; combined with a rotor or

runner having impelling. blades ¢r vanes

. of special construction fully specified here-

55

inafter; further in the said construction
when the annular passage through the run-
ner tapers in longitudinal section bnt has

the same or approximately the same cross
sectional area throughout its length; and

Patented Mar. 11,1913,

further, in more specific form, having the .

runner located in one of the annular pas-
sages comprising a drum having a plurality
of vanes or blades of a construction for cuf-
ting into the body of water under axial flow
in the inlet passage with the least possible
disturbance and propelling the water, so
sliced off the inflowing body, toward the
other annular passage and at the same time
imparting to it a rotary motion about the
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axis of the turbine or pump, and said other .

annular passage provided with a plurality .

of stationary diffusion vanes or blades for
changing the direction of flow of the water
from a rotary movement into an axial flow
movement, the construction being such that
the body of water is moved in a direction
axially of the pump and during snch pas-
sage has its direction of flow changed into
a rotary one and then back again into an
axial flow during the continued transfer of
the water from the inlet to the outlet sides
of the pump. My improvements thus gen-
erally referred to in respect to their utiliza-
tion as a pump, are equally capable of use
as a turbine engine or. prime-mover where
the head of water available is sufficient for
the purpose and I, therefore, do not restrict-

- myself to the utilization of my invention
- for pumping purposes alone.

My invention also comprehends details
of construction which, togetler with the fea-
tures above specified, will be better under-
stood by reference to the drawings, in
which :—

Figure 1 is a sectional side elevation of -

a hydraulic turbine embodying niy improve-
ments; Fig. 2 is a cross section of the same
on line 2—u»; Fig. 8 is a plan view of the
runner or driven part of the turbine with
a portion broken away; Fig. 4 is a side view,
partly in section, showing the blades there-

-of; Fig. 5 is a plan view of a portion of-the %

diffusion blades and connections; TFig. 6
is a perspective view illustrating one of the
runner blades and diagrammatically illus-
trating its shape; Fig. 7 is a sectional ele-
vation showing the arrangement of the
runner and adjacent parts in another form
of my.invention; and-Fig. 8 is a similar
view of a similar construction to Fig. 7
but with the employment of the stationary
diffusion hlades, '
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Figs. 1 to 6 illustrate the construction of
my pump or turbine in that particular form
in which there are both runner blades and
diffusion blades in the annular part of the
body, the copstruction in Fig. § alse illus-
trates a somewhat similar form employing
both runner and diffusion blades but in
which the water passage through the runner
is tapered with preferably a uniform cross
sectional area, and the construction illus-
trated in Fig. 7, while approximating that
shown in Fig. 8, has no diffusion blades, the
blades of the runner being the only blades
employed in the device. ~ *

I will now refer to the specific construc-
tion shown in Figs. 1 to 6. 2 is a tubular
passage constituting the inlet end of the
pump, and 8 is a tubular passage constitut-

" ing the ‘outlet end of the pump, and these

20

26

passages 2 and 3 are united by annular pas-
sages formed within an annular body part 4
arranged between the elbows or inlet and
outlet portions. The interior walls of this
intermediate body portion 4 comprises a
conical wall 5 at the inlet side, a conical wall
¢ on the interior at the outlet or discharge
side, a cylindrical wall 8 adjacent to the
conical wall 6, and a clearance space 7

- formed by an annular channel intermediate
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of the conical wall 5 and the cylindrical wall
8. The body part is preferably formed in
two semicircular, portions bolted together, as

'shown, so as to permit of easy access into the

interior and for the necessity of properly as-
sembling the parts. Fach of the elbow por-
tions which provides the passages 2 and 3 is
furnished with journals 9 in which are fitted
stationary tubular parts 10 forming tunnels
through which the rotor shaft 13 extends.
Within the journals 9 suitable bearings 9°
are provided in which the shaft rotates and
by which it is held clear of the tubes 10.

One end of the shaft is provided with a col-’

lar 14 which is confined within a thrust bear-

ing 15; by which the shaft is held against

longitudinal movement. This thrust bear-
ing is substantially liquid tight and the
other bearing is provided with a stufling box
15 which prevents the escape of water
around the shaft at the discharge end of the
pump. The shaft may be provided with a
belt pulley 24 by which it may be driven, or
the said shaft may be directly rotated by an
engine or other means. Secured upon the in-
ner end of the tube 10 on the inlet end of the
pump is a guide cone 11, and likewise on the
inner end of the tube 10:on the outlet side is
another guide cone 12, the large ends of said
cones being directed toward each other and
separated a distance equal to the thickness ol
+he runner drum 16 which is securely keyed
to the rotor shaft 13. The conical surface
of the guide cone 11 is arranged within the
aonical part 5 of the body portion 4 and
thereby forms a conical passage 14 between

1,055,588

the rotor and the inlet 2 of the pump

through which the water is directed to the,

rotor; and similarly, the conical surface of
the guide cone 12 is within the conical sur-
face 6 of the body portion 4 to form the ta-
pered annular passage 23 for the delivery of
the water from the diffusion blades into the
discharge or outlet end of the pump. The
guide cone 12 is furthermore provided witn
a cylindrical portion adjacent to the runner,
upon which is sleeved the hub ring 22 carry-
ing the diffusion blades 21, said diffusion
blades being surrounded by a shroud ring
92> which fits into the cylindrical portion 8
of the body part. In this manner, the dif-
fusion blades are properly positioned within
the annular passage of the pump. These
diffusicn blades may be of any suitable con-
struction, as indicated in Figs. 4 and 5, and
if desired, may be reinforced by one or more
annular bracing or shroud rings 22°. If de-
sired, the diffusion blades may be omitted
and the shroud rings 22* may be empioyed as

ides. They would be suitably supported
1n alinement with the corresponding shroud
rings 17 of the rotator orrotor. The runner
drum 16 is provided about its circumfer-
ence with the rotor blades or vanes 18,
said blades being rigid with the-drum on
their inner edges and preferably confined at
their outer edges with a shroud ring 17,
which latter fits into the clearance space 7 of
the body 4. This shroud ring is preferably
somewhat longer in a-direction parallel with
the axis of the rotor than the hepth of the
blades 18, so that the discharge ends 20 of
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these blades do not come into close contact -

with the- leading edges of the diffusion
blades, but instead provide an annular pas-
sage 25 between the diffusion blades and the
rotor blades. If desired, there may be one
or more annular bracing rings 17* extending
through the rotor blades between the drum
and the shroud and in substantial alinement
with the corresponding bracing rings 22° of
the diffusion blades, as will be understoed by
reference to Figs. 1, 8, 4 and 5. These
strengthening or bracing rings 17* and 22"
may be dispensed with if so desired, but it
will be advantageous where heavy duty is
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required of the pump and where the blades -

or vanes are particularly wide in a radial
direction, as they provide great stiffening
effect to the blades: The additional shroud
or bracing rings 17* and 22° not only assist
in strength, but also increase the efficiency of
the pump by guiding the water in approxi-
mately an axial direction in separate bodies,
while being acted upon by the blades, there
being in this case two or more bodies of wa-
ter acted upon by each blade.

The rotor blades in my improved pump
have a special construction which T have
found commercially very effective and ad-
vantageous; and while there are general
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characteristics to this form of blade, the
angles which the cutting and discharge ends
make to the plane of rotation will vary with
each pump according to the duty it is to per-
form and under the conditions which it is
to operate. The general configuration of the
rotor blades will be understood from Figs.
3,4 and 6. By examining Fig. 4, it will be
seen that the advancing edge 19 forms an
acute angle with the plane of rotation,
whereas the discharge end forms a much
more obtuse angle with said- plane of rota-
tion, the .effect of which is to cut into the
annular body of water being - delivered to
the rotor blades by the annulap tapered
Passage 14 and to deliver the said water, so
sliced off, from the discharge ends of the
blades in such a manner gs to cause it to
assume a direction of travel more approxi-
mating the axial line of the pump, but at the
sarhe time to be given a rotary motion with-
in the space 25 so that the said body of water
is forced across the forward edges of the
diffusion blades 21, and being caught by
them, is passed forward and into a posi-
tive axial flow through the annular expand-
ing passage 23. In Fig. 4, the outer shroud
ring is cut away to illustrate the outer edges
of the diffusion blades. The innermost edges
of the diffusion blades are indicated by dot-
ted lines, and the intermediate juncture of
said blades with the strengthening bracing
rings 17* is indicated in solid lines. In the
particular pump from which the present
drawings are taken, the acute angle at the
forward edge of the rotor blade is 162° with
the plane of rotation of the runner adjacent
to the hub 16, while the acute angle adjacent
to the shroud ring 17 is 113°; and these
angles along the inner and outer boundaries
of the blades gradually increase respectively
from 162° to 664° and from 113° to 253°;
but these angles, as before stated, are pecul-
iar to this particular pump to suit the par-
ticular duty which it is to perform and the
speed under which it is to operate, and I
therefore do not confine myself in any man-
ner to these specific angles. The angles may

. be generally defined by stating that the
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-of the shaft,

angle between the surface of vanes at any
point and a plane perpendicular to the shaft
at that point changes
radial distance of the point from the center
decreasing in proportion to the
distance, but also increases as the point is
meved in a direction parallel to the shaft
from the entering edge to the discharge edge.
This peculiar configuration produces a form
of blade which will be understood by refer-
ence to Figs. 8 and 6, in which we have the
entering edge 19 of the smaller angle and
the discharge edge 20 with the larger angle

.and also in which, owing to the greater rate

of increase of the angle adjacent to the drum
16 than adjacent to the shroud ring 17, the

- in Fig, 7,
of the diffusion blades with the rotor conical

‘the inlet side of the

not only with the

discharge edge 20 assumes an oblique angle

to a radial line and constituting in. effect a
portion of a chord of the circle of the shroud
ring. . This edge continued would strike a
plane through the axis of the rotor shaft and
including the
such chord or line being indicated by line
t—2 and intersecting the plane at .~ This
peculiarity of the rotor blades will exist in

all cases, though the chord line ¢z will

vary according to the size, shape and duty

of the rotor, and also upon the general width
and depth of the space between the drum

and shroud ring which is to be occupied by

the blades themselves. The more acufe
angle upon the inner edge of the blade ad-
jacent to the drum, 16 than that adjacent to
the shroud ring is not only required because

entering edge 19 of the blade,

70
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of the fact that the surface speed adjacent

to the drum is less than that adjacent to the
shroud ring, but also to insure the same de-

livery of water adjacent to the hub as ad-

jacent to the shroud ring. In general, the
larger the diameter of the rotor, the greater
will be the chord line t—t; and likewise, the
smaller the diameter of the drum relatively
to the diameter ‘of the shroud ring, the
shorter will be the chord line ¢,
Referring now to the construction shown

I have in this case shown the use

in shape, the hub 16 thereof having a conical
periphery which may, if desired, approxi-
mate the taper of the cone guide ‘11, and
having its shroud ring 17 also conical and
approximating the interior wall 5 _
body part 4, so that the annular passage 14
within the pump body and the annular
passage between the hub and shroud ring of
the rotor form together a tapering annular
conical passageway, providing a free an-
nular tapered passage for the water from

of the,

pump through the.rotor

85
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and to the annular Passage 23 of the dis- ,

charge side. In this construttion, under the
most approved design of my invention, the

taper of the water Ppassage through the rotor
is'such that the cross sectional area is ap- .

proximately the same at the inlet and outlet
ends and preferably throughout the whole
length of ‘the passage from the suction to
the dischargé side; and moreover, this same
uniformity of cross sectional area may, if
desired, be continued through the annular
bassage 14 leading to the rotor (as more
accurately indicated in Fig. 8),
dent that by this construction, the velocity
of movement of the body of water is not
affected by the area of the Passage and hence
any effect upon the annular body of water
by the rotor blades'is utilized wholly in the
displacement of the water which produces
the velocity that determines the capacity of
the pump.” - : . ) )
- In the construetion shown in Fig. 8, I

it being eviZ "
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_of the rotor under the initial pressure.

-obtuse angle,

%

have embodied the same general structure L

of Fig. 7, and have also shown the diffusion
blades 21 arranged at the discharge side of
the rotor blades 18 as in the case of Fig. 1.
T have also shown the rotor without any
shroud ring 17, the outer edges 172 of the
blades' making = reasonably close fit to the
inner conical wall of the body 4. There
is some advantage in this omission of the
shiroud ring, in that the frictior of the water
against the stationary surface of the body
will tend to reduce the freedom of rotation
of the body of water when acted upon by
the rotor, and hence will cause a more posi-
tive propulsion of the same toward the dif-
fusion blades of the discharge side of the
pump. The objection, however, to this omis-
sion of the shroud ring is in the weakening
of the rotor blades, but the width of these
blades in a given capacity of pump may be
reduced by increasing the diameter of the
rotor and in that way maintaining the
strength required without the necessity of
the shroud ring. For small diameters in
which the width of the blade must be ma-
terially great, the shroud ring construction
is preferable to insurﬂhe requisite strength.

From the foregoing description of Figs.
1 and 8, it will be seen ‘that -‘the body of
water passes from the inlet side 2 axially
toward the rotor under whatever head may
be available to insure the delivery of the
water to the rotor, and as it approaches the
rotor it passes about the conical guide and
takes an annular form and in which condi-
tion it is supplied to the blades or vane§r 18
I he
rotor being rapidly driven by the shaft 13,
causes the forward edges of the blades to
cut into the annular body of water delivered
to them, the angle of the cut being an acute
angleé, and in the example'shown of approxi-
mately 11} degrees to the plane of rotation,
thereby as it were, slicing off the water, and-
by the inclined plane of action of the blades,
causing it to be moved forward and at the
same time given a rotary motion, this latter
being especially due to the fact that therotor
blades at their discharge ends assume an
», and in the example shown, of
approximately 25% degrees to the plane of
rotation. The bedy of water which is thus
supplied to the rapidly rotating rotor blades
18 is being divided into -a plurality of
streams, each of which is acted upon by one

“of the blades and propelled forward toward

" the stationary or diﬁusion blades 21, and at

60

the same time given a rotary motion in the
plane of rotation of the rotor; and these
stregms of water produced by the rotating
rotor leave the discharge end of the rotor

blades in substantially' a direction of flow,

65

which would be more or less parallel to the
axis of the rotor, and hience may be con-
sidered as an axial flow supplemented .by

_side of the diffusion

‘guided by the annular passage

‘very  great.
‘where large volumes of water at relatively

1,055,688

‘the rotary movement in an annular direc-
tion about the axis. By the combined ac-
tion of these two directions of flow of the
water so put in motion by the runner, said
water is caused to be delivered to the inlet
shroud and received
upon the advance edges of the diffusion
blades 21 thereof, which blades being sta-
tionary and inclined in the opposite . direc-
tion to the angle of the rotor blades, in turn
slice off the moving water and cause it to
flow forward between the blades and change
its direction of movement from one of ro-

70

75

tary motion to substantially rectilinear mo-- -

tion to constitute an “axial flow” at the dis-
charge side of the pump. The flow

at the

80

discharge side of the diffnsion blades being

by the conical guide and the contracting
body of the pump structure, changes from
an annular body of water into a solid body
during its discharge passage through -
pump. ~

The tendency to cause the water to rotate:
in the annular passage by the action of the
rotor would largely depend upon the speed’
of the rotor and the differential pressure on
the inlet and. outlet ends of the pump.
Where -the flow is rapid and the difference
in the head of water at the inlet and’ outlet
ig relatively ‘small, the impelling action of
the rotor blades will produce less rotation
relative to the axial flow than would be the
case where the difference in the heads was
It is therefore evident that

small differences in heads or pressure are
to be pumped, the diffusion blades may be
omitted, but in those cases where the pump
is required to deliver the ‘water against a
considerable pressure, it is more desirable
that the diffusion blades be employed in
‘conjunction with the rotor. '

. T have described my invention more par-
ticularly in respect to its utilization as a
pump, but it-is evident that. it .may be
equally émployed as a.turbine for generat-
ing power by simply reversing the direc-’
tion of flow through it. ‘When employing
it as a power producing turbine, it would

21 be employed. : .
“The illustrations forming part of this
specification. are given by way of example-
and not as restrictions with respect to design
or the minor details of the structure, and it
is also evident that while T have shown the
apparatus with a horizontal shaft, the po-
sition of the shaft is not confined to such’
horizontal arrangement, but that instead,
the pump or turbine may be arranged in an]f
suitable position found desirable. ,
While I have shown my invention in the
form which T have adopted in commercial

practice, I do not restrict myself to the de-

93 formed .
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' be more desirable that the diijfusion blades -
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- tails as these may be modified in ‘various
ways witheut departing

the invention.

Having now described my invention, what
I claim as new and
ters Patent, is:—

1. In a machine of the character de-
scribed, the combination of a ‘tabular body
through which fluid may pass said body
having an annular passage in the direction
of its length intermediate of its inlet and
outlet ends, a rotor or runner comprising a
drum having curved impelling blades ex-
tending radially about it and arranged in
the ‘annular bassage so as to act upon or be
acted upon by the fluid, a shaft supporting
the said rotor or runner and extending
throughout and to the outside of the body,
cone-shaped guides arranged upon each side
of the rotor or runner drum with their apices
respectively directed toward the inlet and

outlet portions. of the tubular body and pro-:

viding annular tapered conical passages
leading to and from the annular passage in
which the blades of the'rotor or runner are
located, said ‘cone-shaped guides being out
of contact with the shaft, bearings at each
end of the body. for the rotating shaft, tu-
bular supports respecti¥ely. having one of
their ends secured to and supporting the
cone-shaped guides and having their - other
ends secured to the body adjacent to the
bearings of the shaft, and shielding the ro-

tating shaft from the water, and stationary

diffusion blades arranged at the discharge
side of the blades of the rotor or runner and
located in the annular passage. ' '

2. In a machine of the character de-
scribed, a rotor or runner formed of a drum,
a shroud ring surrounding the dium, a plu-
rality of impelling blades arranged between
the drum and shroud ring and curved in the
direction of the axis of the drum, and a
bracing ring or shroud for- the blades inter-
mediate of the outer shroud ring and the
drum and straight in lon itudinal section

- said shroud rings maintaining the flow in a

- constant substantially
- from one end of

50

straight direction
the rotor longitudinally to
the other end.

3.’ In" a machine of the character de-
scribed, a tubular body through which fluid

- Tnay pass said body having a tapered coni-

55

“ends,

cal annular passage in the direction of its
length intermediate of its inlet and outlet
combined with a rotor or runner’of

- greatly less length than the length of //the

60

65

conical annular passage and comprising
conical-shaped drum having curved impel-
ling blades extending radially about it and
arranged in a portion only of the, conical
annular passage so as to act upon or be acted
upon - by the fluid, the annular passage
through the space traversed by the blades of
the rotor. or runner being formed in tapered

from the spirit of-

desire to secure by Let-

‘having a drum

‘through which fluid may pass said body

S

conical shape and with a.substantially con-
stant cross sectional ares throughout its
length, and stationary diffusion blades af
the discharge side of the blades of the rotor
OT runner. : ,

4. In a machine of thé character de-
scribed, a tubular bedy portion having its
Inner walls formed with a gradually en-
larged diameter and provided with a cone-
shaped guide within a portion only of the
body of gradually increasing diameter to
form an ‘annular conical tapered passage-
way, combined with a rotating shaft, and a
rotor or runner secured to the shaft and
portion immediately adja-
cent to the large end of the cone - shaped
guide and said drum foimed with g conical
circumferential part as a continuation of the
general taper of the co ie-shaped ‘guide and.
provided with a plurality of curved blades,
of such form that the annular space occu-
pied by the travel of the blades is tapered’
and conical, the larger ends. of the blades
being directed toward the tapered passage
about the larger end of the cone-shaped sup-

ort. ' .

P 5. In a machine of the character de-
scribed, ‘a rotor or runner consisting of a
dram about which are arranged a plurality
of impelling blades curved in the direction
of the axis of the drum and said blades so
curved throughout their length that the
angle between the surface of the blade at any.
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point and a plane perpendicnlar and trans. . -

versely to the axis of the drum at that point
decreases as' the radius increases and de-
creases throughout its length as the point is
moved in a direction parallel to the axis of
the drum and in which the advancing edges
of the blades are in substantially radial lines
of the drum and the discharging edges are in
lines pronouncedly oblique to the radial lines
of the drum. , ’
6. In a machine of “the character de-
seribed, a rotor or runner comprising a
drum provided about its periphery with a
plurality of curved impelling blades and in
which the said blades have their angle of
curvature changed throughout their length,
said change of curvature being more rapid
adjacent to the drum than at the outer portion
of the blades, and in which further, the edge
of each blade having the greatest obliquity
to a transverse perpendicular plane to the
axis of the drum is arranged in a substan-
tially radial line from the axis of the drum,
and the edge of each blade having the least
obliquity to a transverse perpendicular plane
to the axis of the drum is arranged obliquely

‘to.a radial line from the axis of the.drum

and in a line constituting a chord across the
circle of the drum.

7. In a machine of the character de-.
scribed, the combination of a tubular body
hav-
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; which are

S

ing inlet and outlet ends, combined with 2
rofor arranged within the tubular body and
comprising a conical shaped drum provided
with Dlades the peripheral outer edges of
inclined and with greatest radial
depth arranged at their forward or intake
ends and their least radial depth at their
discharge ends, a conical stationary guide
arranged within the tubular body and with

“its large end adjacent to the small end of

the conical drum of the rotor to provide an
annular tapered passage for delivering an

|
l
i
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annular bedy of water to the rotor blades,
and stationary diffusion blades arranged in
the tubular passage immediately adjacent
to the discharge side of the conical rotor for
changing the flow of the fluid from a rotary
to an axial flow. o

15

In testimony of which invention, I here-

unto set my hand.
ALBERT BALDWIN
Witnesses:
R. D. SuLLIVAN,
Joux C. BarrLEY.

WOOD.




