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This application is a continuation in part
of subject matter divided from my aban-
doned application, Serial No. 128,680, filed
August 11, 1926, for propeller type pump

8 or fan. :
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My invention relates to pumps of the pro-
peller type and it has for an object to pro-
vide a pump of this type which shall be sim-
ple in construction and efficient in operation.

My invention relates to that type of pro-

peller pump wherein velocity pressure con-
version takes place both in the passages be-
tween blades as well as in the duct imme-
diately following the propeller. I find that
the efficiency of a propeller pump may be
greatly improved if the passages between the
blades, as well as the diffuser passage, are
"properly designed. I have, therefore, pro-
vided a pump of this character wherein these
passages are designed in accordance with
well-established hydraulic determinations
pertaining to the optimum degree of diver-
gence of ducts or passages for minimum loss
in head.

These and other objects, which will be
made more clear throughout the description

-of my-invention, are attained by means of
a pump employing the features herein de-
scribed and illustrated in the accompanying
drawings, forming a part of this applica-
tion, in which: Fig. 1 is a somewhat dia-
grammatic longitudinal, sectional view of a
propeller pump of my improved type; Fig.
2 is an inlet end elevational view of the ap-
paratus shown in Fig. 1; Fig. 3 is an exit end
elevational view of the apparatus shown in
Fig. 1; Fig. 4 is a perspective view of the
-propeller; Fig. 5 is a diagrammatic view il-
lustrative of principles employed in my im-
proved pump; Figs. 6 and 7 are diagram-
matic views illustrating certain principles
involved in the construction of the propeller;
Figs. 8 and 9 are diagrammatic views illus-
trating the feature of divergence; Fig. 10
shows a vector analysis of velocities; Fig. 11

is a diagrammatic view showing the method
of determining the equivalent angle of di-
vergence; and Fig. 12 is a diagrammatic view
showing the method of determining the angle
of divergence.

Referring now to the drawings more in de-
tail, in Fig. 1, I show a duct or casing 10
having a converging portion 11 and a diverg-
ing portion 12. A propeller 13 is arranged
within and coaxially of the duct or casing
10 and is disposed for rotation within the
portion 14 of the latter, the propeller 13 hav-
ing its hub 15 secured in any suitable man-
ner to a shaft 16 connected to a motor 17 of
any suitable type, preferably an electric
motor. :

The motor 17 is preferably arranged with-
in the converging portion 11 of the duct or
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casing construction. The motor is supported

in any suitable manner, for example, I show
such a motor disposed on a bedplate or mem-
ber 18 supported by cross members 19, the
latter member being reinforced by vertical
struts 20 and 21, the strut 20 being disposed
in a part of the converging portion 11 of
larger diameter and preferably being braced
by a horizontal cross member 22.

In order to minimize shock and eddying
of fluid passing through the converging por-
tion 11, I preferably provide the motor 17
with fairing members 23 and 24..

Referring to F'ig. 4, it will be noted that the
propeller 13 is provided with two blades 25
and that the hub 15 converges from the inlet
to the exit side thereof, the inlet or leading
edge of the blades being indicated at 26 and
the exit or trailing edge of the blades being in-
dicated at 27. While I have shown a fan hav-
ing only two blades, nevertheless it is appar-
ent that any number of blades may be
provided. Due to the design of the blades 25
and of the hub 15, passages are provided be-
tween the blades which have the proper de-
gree of divergence of a proper rate of increase
1n cross sectional area normal to the direction
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2

of flow. to provide for the passage of fluid
with conversion of velocity into pressure with
a minimum loss in head. The immediately
following diverging portion 12 of the casing
or housing 10 is also designed to give the
proper degree of divergence, the fairing cone
28 carried by the propeller hub cooperating
with the diverging portion 12 to accomplish
this result.

Referring to Fig. 6, it will be noted that
the leading edges 26 of the blades define a
relatively small angle with respect to the
plane of rotation of the leading edges, where-
as the exit or trailing edges 27 define a larger

5 angle with respect to the plane of rotation

passing therethrough. Upon referring to
Fig. 7, it will be noted that the angle of the
leading or inlet edge 26 provides for an ab-
solute or space velocity of a particle sub-
stantially in an axial direction, thereby sub-
stantially avoiding shock losses, and that, due
to the increasing axial pitch of the blade
from the leading to the trailing edges. the
absolute particle velocity is increased and the
relative velocity decreased and a building
up of pressure takes place as fluid flows
along the passage between blades. In other
words, as a particle of fluid passes between
the blades of the propeller, its velocity rela-
tive to a stationary part of the pump in-
creases while its velocity relative to the pro-
peller blades decreases.

Referring to the principle of divergence
involved in the design of passages in my
pump, attention is called to the fact that ex-
periments have been conducted in the past
with stationary ducts or passages having
varying angles of divergence, for the pur-
pose of determining losses in head. Such
ducts have had various cross-sectional
shapes, for example, square, circular and
rectangular. Fig. 5 has been prepared from
authoritative experimental data of this char-
acter, the curves shown in this view being
taken from Gibson’s Hydraulics and its
Applications (1920), pages 85 and 86. In
these curves, the loss as given is a percent-
age of

h—=Vy)?
2
where V, and V, are respectively the veloci-
ties at entrance to and discharge from the
duct. Four curves are shown. ¢ for ducts of
square section, in which the exit area is four
times the entrance area; b for ducts of rec-
tangular cross section. in which two sides are
parallel and the other two sides diverged by
the angle indicated, the exit area being four
times the entrance area; ¢ for ducts of circu-
lar area; and 4 for ducts of circular sec-
tion in which the exit area is nine times
the entrance area. It should be noted that
curves ¢ and d coincide over a part of their
length. It appears that for circular and
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square ducts, the loss is a minimum when the
angle between opposite divergent sides is
from about 5.5 to 7 deg. The angle for mini-
mum loss for rectangular ducts with two sides
parallel is about 10.5 deg. to 11.5 deg.

The reason why the rectangular ducts have
a different optimum angle from square to cir-
cular ducts is that in one case the ducts di-
verge in one direction only while in the other
they diverge in both directions. The reason
why the loss increases for angles smaller
than the optimum is that the duct becomes so
long that the friction loss becomes a matter
of consequence.

In Fig. 9, I show the solid outline of a di-
verging channel or passage between blades.
Inthis view, the sides 29 and 30 correspond
to opposing surfaces of the pair of blades and
the top and bottom sides 31 and 32 corre-
spond to the arcuate surfaces defined by the
blade tips and by the hub 15. From this
view, as well as from Fig. 4, it will be noted
that each passage between blades diverges
transversely. While no data are available
for a duct having the general shape dis-
closed in these views, nevertheless, if the
square roots of the areas of sections normal
to the direction of flow at the entrance and
at the exit be taken, the results are the sides
of equivalent squares; and on that basis, the
equivalent angle of divergence may be easily
computed. While, in any particular case,
the exact extent of divergence to secure effi-
cient conversion of velocity to static head
is a matter of computation or experiment de-
pending upon the particular shape of diverg-
Ing passage, nevertheless, from authoritative
published data, this optimum range of di-
vergence will be found to be contained be-
tween the limits of 5.5 and 8 deg.

The necessary divergence of the passages
between blades may be secured (1) by a suit-
able increase in axial pitch from the leading
to the trailing edges of the blades, (2) by
diminishing the thickness of the blades from
the leading to the trailing edges, or (3) by
having a converging propeller hub which
converges toward the exit side, or by a com-
bination of these features of design.

Referring to Fig. 8, the manner of increas-
ing the axial pitch from the leading to the
trailing edge of a blade is such that the areas
normal to the direction of flow provide for
the proper degree of divergence in the pas-
sageways. In this view, the area A indicates
the normal inlet area while the area B indi-
cates the normal exit area. It will be ap-
parent from this view, that the propeller
blades may be made of uniform thickness
from edge to edge and the axial piteh in-
creased in such a way that the passages be-
tween blades will have the correct degree of
divergence. : -

In Figs. 1 and 4, the propelier is shown
with a hub 15 which converges towards the
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exit side and with blades 25 which diminish
in thickness from the leading edges 26 to the
trailing edges 27. Aside from the mode of
increasing the axial pitch so as to provide for
the proper amount of divergence, it will be
apparent that the features of convergence of
the hub and of thinning of the blades toward
the trailing edges are capable in themselves
of contributing to produce the proper de-
gree of divergence.

The duct passage immediately following

the propeller and bounded by the diverging
portion 12 also incorporates this principle

of design of optimum extent of divergence
in order to secure conversion of static head
with a minimum of loss. Stationary guide
vanes may also be employed in order to in-
crease the efficiency.

From the foregoing, it will be apparent
that T have provic%ed a pump of the propeller
type which operates with a high degree of
efficiency due to the fact that the passages
between the blades thereof as well as the
passage in the casing immediately following
the propeller are designed in accordance with
well-established hydraulic principles, that
1s, they are so designed as to incorporate the
principle of optimum of divergence for the
purpose of minimizing loss of head while
converting velocity into static head.

In order that my invention may be readily
practised by one skilled in this art, I have
derived the following equations which are
useful in designing and constructing a pump
or fan according to my invention:

A. The space welocity and wolume before
. endrance

If in Fig. 10, the parallelogram of veloci-
ties is applied at entrance, and “u” is the
tangential velocity  (=2=BN), “0” is the

space velocity just before entrance in quad-

rature with “»”, and “w” is the velocity rela-
tive to the blades, “«” being the blade angle
at entrance, then: »=wu tan «. But, by defi-
nition, :
’ /

| tan e=s |

where “P’? is the inlet pitch and “r” is any
radius. Substituting for tan « and for
u=2xrN, where N is the revolutions per unit

time. . v
»=P'N (1)

Thus, since P’ is uniform from the hub to
the outside radius, » is uniform throughout
the projected disc area. ‘

Again, assuming that the parallelogram of
velocities is applicable at entrance, the vol-
ume per unit of time is the velocity times
the area= ‘

Q=P'Nx(R.2—R,2) (2)

Here R. and R, are the external and hub
radii, respectively. ’

3

B. The area between blades normal to the
direction of flow

In the following, the thickness of the blade
is neglected.

a=blade angle at any radius », and at any
position axially. o

As indicated in Fig. 7, the two blades are
the same, the circumferential distance be-
tween them being given as 2xr. Actually,
there may be one or more blades of like form
interposed.

It will readily be seen that the area normal
tothe flow at the position shown is

Pr=R,
MN dr,
T=R1

where R, and R, are the hub and exter-
nal radii, respectively. Evidently, MN=2xr
sin e

From definition,

P
tan a—,%"
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where “P” is the pitch at the particular axial

position.

Now sin a=\/1~cos2 a-\/l-——%—='
, .~ sec’a

P
J tan a —

1 T 27

\/1—1+tan2 a_\/1+_tan2a { P\

1+( 5=

. . \2#r
P

R,
2xr Pdr

Then area=fw=
R

1

%[41”% @rR ~ PR | ()

Equation 3 may also be written:

PY . .
Area=P|:\/ (ﬂ) +R2—
PN\ y N
‘\/(Zr) 'II'R12J (30)
Or area=P[R2\/( P >2+1_
271'7'2
. VS A
| Ey(arm) +1]
—P[R:/tan? & F1 - RyJlan? 7 1]
=P[R2 sec a’’ — Ry sec a'] (4)

Now «’” and o« are the blade angles at the
external and internal radii, respectively.
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C. The velocities between blades and vol-
umes computed therefrom

From Fig. 10, w= u?+¢*
Substituting for u=2xrN and for v=P’N.

w=N+/(P)2+ 2xr)? (8)
Let A=area. . )

R
Evidently, the volume=@Q = f 'w(zi A
R,

From the previous derivation,

271 P'dr
dAd=—-22r° 0
V@) + (2x1)?
Then @=
By 2xr Pdr
fﬁ‘%ﬂ@) FEm P e -
R,
NP’f27rrdr
1

Q=P'Nx(B>—R?) (6)

It will be seen that Equations (2) and (6)
are identical, although arrived at in different
ways.

Divergence between blades

In order to compute the equivalent angle of
divergence, the areas normal to the flow be-
tween blades at discharge and at entrance are,
for simplicity, considered as squares, and,
having the square roots of their areas, the
sides of the equivalent squares are found.
The rate of divergence is also dependent upon
the length of the path, and again, to simplify
calculations, the length is taken at the mean
radius. :

Referring to Fig. 11, «” and «’” are respec-
tively, the blade angles at mean radius at en-
trance and discharge. For simplicity, the
length of the arc of the blade is regarded as
the sum of the two chords (EF+FG).
The circumference at means radius R is 2«R,
and the projected length of one blade on that
circumference is

a

1 X 27 R,

n

where “f” is the projected area ratio, and
“n” is the number of blades. Then, if the
blade were a continuous straight line,
EF+EF produced until it intersects GD)
its length would be

2xRBf

gseca’.

If it were GF+GF produced to ED, its
length would be

2xRf

seca”-
n

1,807,307

The mean radius R is

Rz + Rl
e
So that the mean is

[=2 (R,+ RI)I sec a’ +sec a”
"2 /a 2
This may also be written:
l=x (—Ig-"'—-—;—l-zl-)g [1/1 +tan® o’ +
Y1+ tan? a.”] 8)

)

4

Where tan o’ =1—rTR_£I'—Rx) and tan o” =
Pﬂ

(R + By)

Referring to Fig. 12, it will be seen that, if
“B” is the area normal to the blades at dis-
charge, and “A” at entrance, the equivalent
half angle of divergence is

g =tan™ (%) 9

Usually, the error introduced by taking the
angle in radians equal to the tangent is neg-
ligible. Then,

129=<3/B_ ‘/Z) radians or

2l

6= ﬁ%ﬂxﬂﬁ degrees (10)

While I have shown my invention in but
one form, it will be obvious to those skilled
in the art that it is not so limited, but is sus-
ceptible of various changes and modifications,
without departing from the spirit thereof,
and I desire, therefore that only such limi-
tations shall be placed thereupon as are im-
posed by the prior art or as are specifically
set forth in the appended claims.

What I claim is:—

1. A propeller type pump or fan compris-
ing a casing and a bladed propeller having a
hu% tapered in the direction of flow and
mounted within the casing, the blades of the
propeller having an increasing axial pitch
from their leading to their trailing edges,
said blades being also relatively thickened to-
ward their leading edges, whereby the pas-
sages between the casing and the hub and the
respective blades are divergent in the direc-
tion of flow, the angle of divergence of said
passages being between 5.5 degrees and 8.0
degrees for efficient conversion of velocity
into static head in ducts of similar section.

2. A propeller type pump or fan compris-
ing a casing and a bladed propeller mounted
within the casing, the blades of the propel-
ler having an increasing axial pitch from
their leading toward their trailing edges,
said blades being also relatively thickened to-
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* ward their leading edges, whereby the pas-
sages between the casagng and the hub and
. the respective blades are divergent in the di-
rection of flow, the angle of divergence of .
6 said passages being between 5.5 defrees and -
.- 8 degrees for efficient conversion of velocity
. into static head in ducts of similar section. -
-~ 8.. A propeller type pump or fan compris-
ing a casing and a bladed propeller mounted

. 10 ‘within the casing, the blades of the propeller

" having such increasing axial pitch from their .
leading to their trailing edges as to provide

- passages intervening between the blades
. which diverge in the direction of flow, the
15 angle of divergence of said passages being

~ . between 5.5 degrees and 8 degrees so as to-

- effect efficient conversion of velocity energy
into energy in the form of increased static
pressure. ' '

2 In testimony whereof, I have hereunto sub-

- seribed my name this 5th day of May, 1927. :

o CARL J. FECHHE R. .




