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No. 787,039.

UNITED STATES

Patented Apﬁl 11, 1905,

PaTENT OFFICE.

"ELMO G. HARRIS,

OF ROLLA. MISSOURL

CENTHIFU_GAL PUMP.

SI’ECIFICATION forming part ot Letters Pa,tent No. 787,039, da,ted Apml 11 1905

" Application filed September 29 1903. Serial No, 175,032,

Yo all whomn it may concer:

Be 1t known that 1, Ervmo G. HARRIS, a citic

zen of the United States of America, residing
at Rolla, in the county of Phelps and State of
Missouri, have invented certain new and use-

ful Improvements in Centrifugal Pumps, of

which the following is a specification, refer-

ence being had to the accompanying draw-

1ngs, tor‘mmﬁ' a part thereof.
_ MV invention relates to 1mprovements 1n

centrifugal pumps and comprlseq first, an im-

proved form of punmp - casing in which the
usual vortex-space 1s elimin a,ted, the cross-sec-
tional area of the discharge-spaceat any olven
point being no greater than the opening re-

quired to permit passage therethrough at a

velocity equal to the peripheral Velomtv of
the wheel of the total volume of water dis-

“charged from the wheel up to that point; sec-

ond, in an 1mproved means for varying the
cross-sectlonal area at the point of discharge:
third, 1n an improved means for clearing the
space at the rear of the propeller-wheel of

water; fourth, in an improved compound
pump;

sixth, 1n certain novel details of construction

~and comblnatlon of parts, as will horemattel

appear.

The objects of my invention are, ﬁrst to
save churning and friction of the water in its
discharge; second, to regulate the amount of
discharge in an economical and efficient man-
ner; third, to save water-friction at the rear

of the propeller-wheels; fourth, to increase

the capacity and efficiency of a compound
pump, and, lastly, to Generallylmprove S1m-
plify, and cheapen the construction and oper-
ation of centrifugal pumps.

I will now procee_d to describe a pump em-
bodying my invention and will then point out
the novel features in claims.

In the drawings, Figure 1 shows a view in

central vertical section transverse of the pump-
shatt of a compound pump embodying my in-

vention, the propeller-wheel being broken
away in order to better illustrate the form and
shape of the casing and its admission and dis-
charge passages. Flg 92'shows a partial top

50 view and a-vie*\w\partia]lyl in central horizontal

| section of the same.

fifth, in a novel construction and ar-
rangement of inlet- opening employed, and, -

Dbolted together.

Fig. 3 shows a rear view
of one of the propeller Wheels employed. Fig.

4 shows a view in transversesection of apump-

casing having a modified form of adjustable
disoha,rge.
sectlion of a pump-casing with propeller-wheel
thereln embodying certain features of my in-

-ventlon, but in which there 1s no provision
made for.adjusting tlie- discharge.

Fig. 6
shows a view in longitudinal section of my im-
proved. pump in its simple and uncompounded
form. - Fig. 7 is an edge.view of the propel-
ler-wheel which is shown broken away in Fig.
1 removed from its shaft and from the pump-
casing. . Kig. 8 1s a side view of same. Hig.

9 1sa dla,cframmatlc view showing the 1elat10n

of the pr0pelle~,1 -blades to the pump inlet and

‘discharge.

In descrlbmo' my invention I will first refer

‘to the central portion of the apparatus shown

in Figs. 1 and 2 and which substantially com-
prises the single or uncompounded pump
shown in Fig. 6. The pump-casing is desig-

nated as a whole by the reference character 1.
-and -comprises two portions divided in the

plane of rotation of the propeller-whael and
- The casing incloses a cham-
ber ha,vmtr two Substantially cylindrical por-

| tions, one_of oreater diameter than the other.

A propeller-wheel shaft 2 1s journaled in suit-
able bearings supported by the casing or other
part stationary therewith, and a pr()peller—

‘wheel 3 of suitable shape and configuration is
mounted within the casing andrigidly secured
The propeller-wheel 3 is

to the said shaft.
fitted to the casing and has blades extending
throughout both “said portions of the cham-
ber and substantially fills same, the vortex or

volute space of the ordinary form being dis-

pensed with. The propeller-wheel is prefer-

ably of the screw-blade type in which the
blades advance both -laterally and longitudi-

nally of the axis of rotation of the wheel. The

pump is arranged to discharge directly from

the propeller-wheel to the discharge-space,

sald discharge being arranged in the periph-

Fig. 5 shows a view in transverse
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eral wall of the larger portion of the casing-

chamber and which may extend from the point
of cut-off 4 of the casing rearwardly as far as -

may be desired; but in no case should the
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cross-sectional area thereof be greater at any
given point than that required to permit dis-
charge at a velocity equal to the peripheral
velocity of the wheel of the total quantity of
water discharged from the wheel up to that
point. By this arrangement and construction
slipand water friction due to churning is elimi-
nated. In the construction shown in Ifig. 1
the openinginto the delivery extends for about
one hundred and twenty degrees of the entire
circle of the casing. In the modified struc-
ture shown in Fig. 4 the opening into the dis-
charge extends around for a distance of about
one hundred and sixty degrees, while in the
further modified structure shown in Fig. 5
the discharge begins at the point 4 and ex-
tends all the way around the circle. In all
these structures, however, the essential above
mentioned is maintained, so that the velocity
of the water passing through the pump will
not be reduced until after it has passed the
point 4 and entered the delivery-pipe. Water
enters the casing through an inlet-opening 5
in a lateral wall thereof, entering the smaller
portion of the chamber and is received di-
rectly by the blades of the propeller-wheel.
This inlet-opening is arranged eccentric of the
axis of rotation of the propeller and adjacent
the discharge-opening. Preferably the inlet-
opening will be so placed that admission is ef-
fec.ed through the inletinto the space or cham-
ber between any two blades of the propeller-

wheel while that chamber is discharging into

the discharge-space of the wheel.

In KFig. 91 have shown a diagrammatic rep-
resentation of the relation of the propeller-
blades to the casing-inlet and discharge. A
development of the propeller-wheel is shown
at 3, while the casing is diagrammatically
shown at 1, the inlet-openings upon opposite
sides here represented at 5 5. The discharoe-
opening 1s also illustrated, the point of cut-
off of same being designated by the reference
character 4, as in the other figures. The di-
rection of the movement of the propeller-
wheel is designated by an arrow 33, while the
direction of the water-intake is shown by the
arrows 34 34. DBy examination of Fig. 9 it

‘will be seen that as water enters the inlets 5 5

between any two sets of blades it will at the
same time discharge from between those two
sets of blades through the discharge-opening.
Thus the water is caused to travel through
the shortest space possible and water-friction
reduced to a minimum. Preferably also the

angular extent of the inlet-opening will be

not less than the angular extent of the dis-

charge-space at the point it enters the casing-
chamber. When the axis is set horizontally,

the propeller-wheel in a single pump orin the

central portion of a compound pump is of the
duplex variety—that is to say, it has wings
or vanes on both sides, and water enters both
sides of the casing and is received on opposite

65 sides of the propeller.
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In Kig. 6 the admission-pipe 6 is bifurcated
and has two branches 7 7, connecting with op-
posites sides of the casing for the above pur-
pose. The delivery is to a single delivery-
pipe 8, and the said delivery-pipe is arranged
outwardly flaring, the cross-sectional area of
delivery being arranged to increase from the
cut-ofl point 4 of the casing outwardly. By
this arrangement the velocity of discharge in
the discharge-pipe is decreased and the kinetic
energy of the water converted into energy of
pressure.

In order to vary the capacity of the pump, I
have provided means for varying the amount
of water discharged in a curved blade 9, piv-
oted to the casing at 10, and entering the dis-
charge-pipe at 1ts outer end. The position of
the blade 9 may be varied by means of an
operating-stem 11, loosely connected thereto
at 12 and in threaded engagement with an
operating-nut 13. The operating-nut may he
rotated by any suitable means, and I have
shown the same as conveniently provided
with a worm-wheel 14, engaged by a worm
15, mounted upon a shaft 16, journaled in
bearings 17, and provided with an operating-
wheel 18. The adjustment of the blade 9 will
control the quantity of water discharged,
while a constant speed of rotation of the pro-
peller-wheel 1s maintained. This is very de-
sirable, for in many instances the requirved lift
of a pump may be substantially constant while
the quantity of water desired to be delivered
variable. To vary the quantity of water de-
livered by varying the speed of the pump is
wasteful of energy, for the lift varies with
the square of speed,while the quantity with a
1xed discharge area varies directly with the
speed. In order to get the best efliciency, a
pump should be run at a speed just suflicient to
maintain the discharge against the lift. Ina
pump constructed according to this part of
my 1nvention I may rotate the same at a uni-
form speed while adjusting the discharge to
vary the quantity of water delivered there-
through. |

In Iig. 4 I have shown a stationary but re-
movable blade 19, answering to the blade 9,
whereby the said blade may be removed and
another one substituted in order to vary the
discharge as may be desired.

Referring now to the compounding features
shown 1n Figs. 1 and 2, 1t will be seen that 1
provide two single pumps, one on cach side
of the central duplex pump just described. 1
provide the said single pumps with separate
intakes 20, which, however, may be connect-
ed together by a bifurcated branch connec-
tion, such as shown in Fig. 6 for the duplex
pump therein illustrated, and I have arranged
to deliver from the discharge side of the sin-
ole pumps to the intake sides of the central
duplex pump. Eachof thesingle pumpscom-

prises a casing 21, which may be secured to
» or, If desired, form a part of the central du-
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plex - pump casing 1.
through the casings.21, and single propeller-
wheels 22—that is to say, plopeller-wheels
having blades on one side only—are secured
to the_ sald shaft and mounted one in each said
casing 21. The rear sides of the propeller-
wheels 22 are provided with means for setting
fluid in motion, and such means may comprise
- small wings.or vanes 23, which will set in mo-
tlon any water which may accidentally pass to
the rear of the said wheel. A mereroughening
of the surface of the wheel at the rear with-

out the actual employment of blades or vanes

may be sufficient for the purpose. Air may
be admitted at the rear of the propeller-wheels
near their axis of rotation in order to take the
place of water discharged, and preferably this
alr will be admitted under pressure. For this
purpose I have shown air-pipes 24, which com-
municate with the interior of the’ casing at

points at the rear of said propeller-wheelsand
At their other |

~near their axis of rotation.
ends the said pipes connect with the pump at
some polnt in the discharge, the pressure in
the discharge being of course greater than at-
mospheric pressure and, further, being greater
than the maximum pressure possible to be ex-
‘erted in the opposite direction upon the rear
side of the propeller-wheel. In order to sup-
ply air, I place a small air-inlet pipe 26 in the
intake side of the pump and control same
by means of a valve 27. The intake side of
- the pump being under presqure less than at-

-mospheric pressure, air will be drawn in

through the pipe 26 and will follow the water
around through the pump, and hence will pass
through the dlqcharﬁ‘e

a high point in the discharge-pipe, and hence
at a point at which air will be. traveling. - -Air
- will hence pass through the pipe 24 and be de-

livered under pressure to the casing at the

rear of the propeller-wheel 22.
It is obvious, of course, that means other
than the pressure in the pump-dlscharﬂ'e may

be employed to force air into the casing at the

rear of the chamber; but the construction
1Hlustrated and above described isa simple and
efficient means for accomphshmﬁ* thls pur-
pose. |
In the operation of a compound pump wa-
ter 1s drawn in through the branches 20 and
passes through the two side pumps and is de-
livered therefrom to the outwardly-flaring dis-
charge-heads29. - Thedischarge-heads 29 COn-

nect. wwh and form part of dlscha,ro*e -pipes

30, which continue around the shell or casing
of tne pump and connect with the inlet of the
duplex portion of the pump arranged in the
middle. Thence water passes throuﬂ"h the
duplex portion of the pump and is d1qchar0*ed
therefrom through the outwardly-flaring dis-
charge-head 8, formmcr part of the final de-
]wery -pipe. The outwardly-ﬂarmﬁ' portions

29 are preferably provided with adjustable

The shaft 2 passes |

The point of connec-
tion 28 of the pipe 24 with the discharge is at

-shown in Fig. 1.

blades similar to the blade 9, illustrated and
described in connection with the central du-
plex portion of the pump. Operating-stems
31 similar to the operating-stem 11 may be
operated by worm-gearing 32, controlled by

“the shaft 16 and wheel 18, so that synchronous

movement of all the blades 1s enforced. This
1sdesirable, as uneven adjustment of the blades
would result in an uneconomical operation of
the pump. It will be noted that the area of

‘the discharge increases rapidly from about

the cut-off point 4 in all the constructions
shown. Thisis for the purpose of decreasing

“the velocity of the water after it is delivered

by the wheel, and hence converting the kinetic
energy thereof into energy of pressure.

In Fig. 5 1 have shown a form of pump
without the adjustable discharge. This form
of pump, however, embodies that feature re-
ferred to in the other forms of pump. com-
prised in the peculiar construction of the dis-
charge. In thisform of pump the discharge-

“opening commences at the point 4 and hasa

constant Increase through the entire three

“hundred and sixty degrees round to the same

point again. At no point, however, is the
cross -sectional area of the discharge-space
oreater than that required to permit passage

-therethrouo'h at a velocity equal to the pe-

ripheral Velomty of the wheel of the total vol-

‘ume of water dlschawed from the wheel up

to that point. If it is desired to employ the
adjustable blade, it is not practicable to carry
the discharge-opening so far round, and thus
1in the construction employing this feature 1

&
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have shown the discharge-opening asonly ex-

tending a portion of the distance. In prac-
tice the discharge-opening may be quite long
and where a removable and replaceable blade

18 employed as in Fig. 4, a longer discharge-

opening may be used than in the construction

in Kig. 1 the increase of area of the discharge-
passage up to the cut-off point 4 will not e
perfectly constant in all positions of the blade
9, for when constant in one position it cannot
be constant in another with the blade-inflexi-
ble.
of such a shape as to best average up the dif-
ferences, earefullv preserving, however the
essentla,l qualification above referred to, that
the velocity of the water will never be de-

creased -until after it has passed the point 4.

It will be obvious that the foregoing i1s but
one embodiment of my invention and that the

Because of this I have made the blade

105

~In the construction shown

LIO -

115

L2n

same is capable of many and varied modifica-

tions within the spirit and scope of my inven-

‘tion, and, further, that certain parts may be
employed in connection with other parts of
differéent construction.

Hence I do not desire
to be limited only to the precise details of

construction and combmatlon ot partq herem

What I claim is—"
1. Inacentrifugal pumpthe combmatlon of
a rotary propeller- Wheel and a ca,smG' thel efor

130 |
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having a discharge-space the cross-sectional

area of which at any given point is no greater

than the opening required to permit passage
therethrough, at a velocity equal to the periph-
eral velocity of the wheel, of the total volume
of water discharged from the wheel up to that
point.

2. Inacentrifugal pumpthe combination of
a rotary propeller-wheel and a casing therefor
having a discharge-space commencing at a
point contiguous to the outer periphery of
the propeller - wheel and progressively en-
larged toward the point at which it enters the
discharge-pipe, the cross-sectional area of
which at any given point 1s no greater than
the opening required to permit passage there-
through, at a velocity equal to the peripheral
velocity of the wheel, of the total volume of
water discharged from the wheel up to that
point.

3. Inacentrifugal pump the combination of
a propeller-wheel and a casing therefor having
a discharge-pipe and a discharge-space con-
necting with sald discharge-pipe and with the
interior of the casing, the cross-sectional area
of the discharge-space at any given point he-
ing no greater than that required to permit
passage therethrough, at a velocity equal to
the peripheral velocity of the wheel, of the
total volume of water discharged from the
wheel up to that point, and the said discharge-
pipe being outwardly flared, whereby the ve-
locity of the water will decrease as it passes

therethrough.

4. Inacentrifugal pump the combination of
a rotary propeller-wheel with a casing, the
discharge-space of whichis so proportioned as
to discharge water from the casing into the de-
livery - pipe at a velocity not less than the
peripheral velocity of the wheel.

5. In a centrifugal pump the combination
with a rotary propeller-wheel and a casing
therefor having a discharge-pipe and a dis-
charge-space connecting with the discharge-
pipe and with the interior of the casing, the
sald discharge-space being so proportioned
that water discharged therefrom into the dis-
charge-pipe will have a velocity not less than

the peripheral velocity of the wheel and the -

discharge-pipe so proportioned that the ve-
locity of the water will be decreased therein.

6. In a centrifugal pump the combination
with a rotary propeller-wheel, of a casing
therefor, said pump arranged todischarge into
a discharvge-pipe and having a discharge-space
connecting with the discharge-pipe, and a
blade or vane located partially within the dis-
charge-space 1n the casing and partially with-
1n the discharge-pipe, one end of said blade or
vane arranged 1n proximity to the peripheral
wall of the chamber within which the wheel
rotates.

7. In a centrifugal pump the combination
with a rotary propeller-wheel, of a casing

787,039

a discharge-pipe and having a discharge-space
connecting with the discharge-pipe, and a
movable blade or vane located partially with-
1n the discharge-space 1in the casing and par-
tlally within the discharge-pipe.

8. In a centrifugal pump the combination
with a rotary propeller-wheel, of a casing
therefor, said pump arranged to discharge into
a discharge-pipe and having a discharge-space
connecting with the discharge-pipe, a blade
or vane located partially within the discharge-
space 1 the casing and partially within the
discharge-pipe, and means for adjusting the
position of the said blade or vane.

9. In a centrifugal pump, the combination
with a rotary propeller-wheel, and a casing
therefor having a discharge-opening, of an
adjusting blade or vane located in proximity
thereto, and coacting with the walls of said
casing to adjust the area of said discharge-
opening. |

10. In acentrifugal pump, the combination
with a rotary propeller-wheel, and a casing
therefor having a discharge-opening, of an
adjusting blade or vane located in proximity
thereto, and coacting with the walls of said
casing to adjust the area of said discharge-
opening, and means for adjusting the said
blade or vane.

11. In a centrifucal pump the conibination
with a propeller-wheel and a casing therefor
having a discharge-space arranged to dis-
charge 1nto a discharge-pipe, of a blade or

vane pivoted to the casing at a point adjacent

the outer periphery of the wheel, said blade
or vane located partially within the discharge-
space and partially within the discharge-pipe

- and means for adjusting the position of the

blade or vane.

12. In acentrifugal pump the combination
with a propeller-wheel, of a casing therefor
having a discharge-space, a blade or vane lo-
cated in said discharge-space and pivoted to
the casing at a point adjacent the periphery
of the wheel, an operating-stem for said blade
or vane passing through the casing to the ex-
terior thereof and operating means for the
sald operating-stem.

13. In a centrifugal pump the combination
with a casing and a propeller-wheel therein,
sald propeller-wheel provided at the rear
thereot with means for setting fluid in motion,
of means for admitting air between the cas-
ing and the rear of said propeller-wheel.

14. In a centrifugal pump the combination
with a casing and a propeller-wheel therem,
sald propeller - wheel provided at the rear
thereof with means for setting fluid in motion,
of means for admitting air under pressure be-
tween the casing and the rear of said propeller-
wheel.

15. Ina centritugal pump the combination
with a casing and a propeller-wheel therein,
sald propeller - wheel provided at the rear

05 therefor, said pumparranged to dischargeinto | thereof with means for setting fluid in motion,

7.

3¢

1¢

T4

I




787,039

- sald pump hevinﬁ"means within itself for fore-

(0 |

LO

Ing alr under pressure into the space between

the rear of the propeller-wheel and the casing |
and atapointnear the axis of rotation thereof.

16. In a centrifugal pump the combination
with a casing and a propeller-wheel, of means
for admitting air on the intake side of said

‘pump, and for conveying air, so admitted and

discharged through the pump, from the dis-
chargoe side thereof to the rear of said pro-

peller-wheel near the axis of rotation thereof,

sald -propeller - wheel prowded at the rear

thereof with vanes. .

17. Ina centrifugal pump the combmemon -
with a plurality of propeller-wheels and cas-
1ngs therefor, of blades or vanes located in the

' dlseha,rcre of the casings for each propeller-

wheel, and means for elmultaneously adjust-

© o ng the position of all the said blades or vanes.

20

18. Ina centrifugal pump the combination
with a single shaft, a duplex propeller-wheel

secured thereto and single propeller-wheels

 secured to said shaft on opposite sides of said

duplex prOpeller-w heel and facing in opposite
directions, of casings for the ea,ld propeller-

 wheels, the drsoharoe of the casings for the

outer propelle1 -wheels connected with the in-

~ take of the casing for the middle propeller-

30

35

40
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wheel, a blade or vane located in the discharge-
space of the casings for each of said propelle1 -
wheels, pivoted in the casings and extending
into the discharge-pipes, and. means for simul-

taneously ed;]uetmcv the pos1t1011 of all the smd-

blades.

19. Ina eentrlfuo*a,l pump ‘the eomblnatlon
with a single shaft, a duplex propeller-wheel |-

secured thereto and single propeller - wheels

secured to said shaft on opposite sides of said-

duplex propeller-wheel and facing in opposite
directions, said single propeller- Wheels pro-
vided at the rear thereof with means for set-
ting fluid in motion, of casings for the said pro-
peller wheels, the cllseharcre of the casings

for the outer propeller wheels connected w1th :

the intake of the casing for the middle pro-
peller-wheel, and means for admitting air un-
der pressure between the outer casings and
the rear of the outer propeller- wheels near

their axis of rotation.

20. In a centrifugal piimp the combmatmn
with a rotary prOpeller wheel, of a casing

therefor having a lateral inlet eecentme of the

axis of rotatlon of the propeller-wheel, and a
peripheral discharge-opening extending a por-
tion only of the distance around same, the

angular extent of the inlet-opening being not

o

less than the angular extent of the discharge-~

opening.

21. In a centrifu o'al pump the combination |
with a rotary propeller wheel, of a casing
therefor having a lateral inlet eccentric of the

axis of rotation of.the propeller-wheel, and a

tion only of the distance around same, one
end of the inlet-opening being adjacent to one

end of the dlschertre-opemng, and the angular

extent of the inlet-opening being not ldss than

the angular extent of the di‘seh.erge-opening. _-

22. In a centrifugal pump the combination
with a rotary propeller wheel, of a casing

‘therefor having a lateral inlet eccentric of the

60

peripheral discharge-opening extendmcr apor-

70

axis of rotation of the propeller-wheel, and a
peripheral dlsehercr'e-opemm' extenddngapor- °

tlon only of the distance around same, the
point of cut-off of the discharge-opening be-
ing adjacent to the commencement of ghe in-
let- -opening, and the angular extent of the in-

75

let-opening being not leee than the angular.

extent of the dlseharcre -opening.

23. In a,_eentri'fega,l_pump the combination ¢
with a rotary propeller-wheel, of a casing for -
sald propeller-wheel having a lateral inlet ec- -

centric of the axis of rotation of the propeller-
wheel, and a peripheral discharge-opening ex-
tenclmcr' a portion only of the distance around

same, the inlet and discharge openings being

SO dlsposed with relation to each other that
admission is effected through the inlet into the
chamber between any two blades of the wheel

while that chamber is discharging into the

discharge-space of the wheel.
24. In a centrifugal pump the eombmetwn

of a rotary propeller-wheel with a casing, the

discharge-space of which is so proportioned
as to discharge water from the casing into the
del1verv—p1pe at a velocity not less “than the

‘peripheral velocity of the wheel, said casing

provided with alateral mlet—-openmof' eccentric
of the axis of rotation of the propeller-wheel.
25. In a centrifugal pump the combination
of a rotary propeller wheel with a casing hav-
ing a peripheral discharge-opening extending
a portion only of the distance around same,

from the casing into the delivery-pipe at a ve-
locity not less than the peripheral velocity of
the wheel and having a lateral inlet-opening
eccentric of the axis of rotation of the wheel.

ELMO G. HARRIS.
Witnesses:

AL L. MORAE,
JNo. B. Scorr.
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and so proportioned as to discharge water
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