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" UNITED STATES PATENT OFFICE.

T FERDINAND W. KROGH AND CARL A. KROGH, OF SAN FRANCISCO, CALIFORNIA.

' CENTRIFUGAL PUMP.

To all whom it may concern:, .
Be it known that we, Feroinaxp W.

“Kroen and Carn A. KrocH, both citizens of

10

_-the United States, and residents of San

Francisco, in the county of San Francisco,

State of California, have invented new and .

useful Improvementsin Centrifugal Pumps;
and we do hereby declare that the followmy

is a fall; clear. and exact description of said.

invention, such as will enable others skilled
in theart to which it most ncarly appertains
to make, use, and practice the same.

‘Our invention: relates particularly “to

pumps coustructed with incased -wheels or
mipellers having either » horizontal or ver-

~ tical position as the case may be, but for

| “tical pumps. -
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the purpose of this application we have illus-
trated our improvements

The main object of our inveition is to
provide automatic means to equalize the un-

even pressure which arises from various

sources against the running parts, and avold
the friction and at the same time lubyicate
their bearing faces wlile in eperation.

To these ends our invention consists in the
construction and arrangement of the various
parts codperating to obtain the desirved re-
sult as will be

Referring to the herewith annexed draw-
ings, consisting of four sheets, which ferm
a part of this specification and in which—

“Figure 1 is a vertical section through an
ordinary pump provided with our automatic
equalizing and lubricating device. Fig. 2
is an enlarged vertical seetion of our auto-

‘matic equalizing and lubricating device with-

a broken portion of the pump easing. Figs.
8 and 4 are vertical sections showing various
modificitions in the arrangement of .our
automatic equalizing and lubricating device.

Lsike letters of reference made use of in

_the “several figures indicating like paris
4. smploved. e L

whenever employed.. )
The pump or main casing A ‘provided
with the double suction inlets B and cen-
tral passage C, the base D upon which
the casing is mounted. the impeller E in-

closed within the casing and the driving

shaft F with which the impeller rotates con-

stitute the principal parts of a centrifugal:

pump to which our mmprovements are ap-
plicable. R

Projecting outwardly above the casing 1n
a line with the central passage C is a piston

" Specification of Letters Patent.

as applied to ver-

fully described hereinafter
.and pointed out in the claims. — :

" Patented Oct. 4, 1910,

L Ap‘plication filed November 27, 1953~ Serial ‘Nol 182,870,

-easing or cylinder through which the driv-

ing shaft passes and as shown in Figs. 1 and
2 this piston casing or eylinder is formed in
two sections viz.—the lower section ¢+ and
the upper scction It whicli are divided by

60

the partition I bolted between the outward

projecting annular flanges « and D of the
sections and. adapted to hermetically seal
each section against communication with the
other., . This method of constructing and
fastening ‘the cvlinder' permits the various
parts placed therein to be most conveniently

-assembled and disassembled, The lower sec-

tion G-is provided with a vacuum chamber
J. the diameter of which is equal in area to

65
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the central passage (. The end of this .

chamber J toward the suetion inlet is wholly

“epen and in communication with said inlets.

and mounted in said chamber is a piston K

which'is thus exposed to suction from said
“inlets.- This piston is fixed on the driving

shaft F and is placed near the closed end of
such chamber, in such position, however, as

_to leave a small space between its top sur-
“face and the wall of the closed end of the

vaequm chamber. - Tt will be observed that
the constriiction deseribed causes the pres-

sure imposed on. the impeller through the-

suction inlets to be counteracted by the sue-
tional force acling on the piston in a direg-

tion opposite that of said pressure, thus.
balancing said impeller as far as the suction

is concerned.  The space in the vacuum

chamber J located behind said piston K is.
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provided with a valve or ceck ¢ (see Fig.

2) leading. to the outer air, aimd which nay

sired, an airv cushion when the piston moves

upward or a vacuum when the siine moves

downward. The .upper section II of the

evlinder is also provided with @ chamber in

which the piston or other head adapted to
receive the effect of pressure, such as herein-
after disclosed I, is placed. The piston is
fixed to the driving shaft F and revolves
therewith. - This piston divides the chamber
into iwo compartments viz. the lower com-
partment  and the upper compartment e
which are of about equal area. “The top part
of cylinder H and the partitien I provide
bearings for the driving shaft F and said

‘bearings are provided with the usual stuffing
' boxes. as shown in the drawings for

adjust-
ing properly the driving shaft and make
tight joiuts. The central lower part of the
casing is provided with the usual joarnal

“be operated -to create in said space, if de-
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box in which a steel ball fis plaé’éd for the |

purpose of reducing the friction at the end

of the driving shaft upon which it rests |

while starting and adjusting. the running

parts.” A plurality of balls may be used if
desired, yet -we believe one is suflicient to.

carey on the object we have in view (this
feature is shown in Fig. 1). o

. As particularly shown in Figs. 1 and 2.
the preferred form of our autematic con-
trolling device, herein exemplified consists:

- of pipes ¢ and h connected respectively to

the eompartments d and e below and above
the piston L in such a manner tt , the move-
ments of the piston do not interfere with
the inlet of the pipes g and k.  These pipes
are also connected to a suitable source of

. supply, as the main supply pipe M mounted

20
~ and are controlled by the connecting rod N

vertically nearby and the pipes ¢ and A are
provided with valves ¢ and % respectively

which is pivoted to the bifureated lever {

mounted upon the standard O.secured to the |
- top of cylinder H. ‘One end of the lever ¢ |

is engaged with an annular groove v in a

collar P which collar is secured to the driv-

30

ing shaft ¥ and revolves therewith. The
object of the supply pipe M .is to carry

liquid into the compartments d and ¢

through the pipes g and & and its height

and quantity of liquid therein regulate the.

. pressure desired. The liquid within the
pipe M may be of various substances, yet we

35

intend to use ordinary oil of lubricating
nature so that the surrounding bearing faces

can be lubricated automatically while oper- -

ating with our invention. The relation of
the shaft F, valves ¢ axd % and connections

)

" petween said shaft and valves is such that

40
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movement of said shaft in an upward direc-
tion opens the valve % without opening the

valve 7, and movement of said shaft in the

opposite direction opens the valve i without
opening the valve , so that, if the pressures

at the opposite sides of the piston be un-.

ecual and said shaft and the impeller E and

piston L connected thereto move in: the di-{

rection of greater pressure, the valve con-
nected with the compartment at the side of
lesser pressure will be opened and liquid

will thereby be admitted to the latter com--

~ partment muntil said greater pressure has

been counterbalanced and said piston, shaft
and impeller have resumed their former re-
spective positions, in.balance. In the oper-
ation of the parts just referred to, it will be

 understood that the elements are so-adjust-
“ed that the upward pressure due to the. pres-

60

‘the weight of, the. parts.

" sure of water in the discharge pipe on the

area” opposite the inlet of the mpeller is
‘balanced by the downward pressure on and
As long as these

“relative pressures remain thus counterbal-

65

anced both the valves 2 and % will remain in

the positions to which they were:

-adjusted

¥

in the production of such equal pressures. . Lh
dorg LT , - . ) . -
There is however, oris liable to be; more or. -

less leakage through the "packing boxes -
which jvoqu -destroy the balance of pressure =

-and cause the piston and its shaft to move in
the direction of the preponderance of pres-

70

sure: the extent of such movement bgi‘nf at
an

the utmost approximately one-fourth o

inch. When from said cause, for example,:

wch movement of said piston. and shaft

7%

occars, communication of the pipe M 1S im- -
mediately established with the proper.com-

partment until the pressures have become ..
equalized and the parts have been restored -

to their former positions at- which they

stationary and moving parts. - Thus, assum-

80

- operate with minimum friction between the -

ing that the cempartments ¢ and e are full”

and the valves ¢ and & are clesed, so that.the ‘
“downward and upward pressures are: coun-'
- terbaianced, the shaft and its impeller will = -

be locked, so to speak, in their proper posi-.

85

tions of operation. If, now, leakage occurs
in compartments d and ¢, er in compartment -

¢, and the upward pressure due to the pres-

90

sure of the water in the discharge pipe on .
the area opposite the inlet of the impeller .

- (pressure on the remaining portion of the

impeller being balanced) causes the shaft
to move upward, its upward movement will

open the valve % (without opening the vaive:

o

i) thus admitting the liquid under pressure. .
from the pipe M, into the compartment e -

sufficient to check further upward movement

of the parts and restore them to their former.

-and placing said piston L under pressure -

100

positions, in balance. Similarly, if the
leakage be such -as to permit a downward. .
&

movement of said shaft F, and the impeller

and  piston connected ‘thereto, such move-

105

ment will - cause the-valve ¢ only to be.

‘opened, and cause the same to be kept open
amtil said downward movement has been

checked and said shaft and its said connect-

ed paris have returned to their proper posi-

tions. :

110

The modifications shown in Figs. 3 ,and A

4 relate to simplified arrangements. of the

automatic controlling devices which are ap-
plicable particularly to pumps alreadycon-

structed and where the pressure is constantly

115

in one direction, thus upward in Fig. 3 and -
downward in Fig. 4. In the form shown in .

Fig. 3, the connecting pipe g with its valve
i and compartment d are dispensed with and

120

the operation of the valve £’ is substantially .

as hereinbefore described with reference to.
the valve %, that is to.say, the upward move-

ment of the shaft (F’) 1s checked by means

of the liquid pressure within the remaining.
compartment. (¢’) : so that if, in the opera-

“tion of the device, a reduction of the down-

125

ward pressure occurs sufficient to cause the .

‘remaining pressure to be overcome by the’

upward tendency of the shaft and its'con-

130
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- nected pzi’rts,' the rising movement of sajd
~"shaft will open the valve 2’ and admit addi-

tional pressure on -the piston’ L’ until the

shaft and its said connected parts have re-
turned to their normal positions. .In the.
form shown in Fig. 4, the connecting pipe A

and valve % of the form shown in Figs. 1

and 2 are dispensed with, and the valve (%)

i0
13
20

~and.
- 25
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is operated in the manner and.for the pur-
pose set forth in the foregoing description

‘with reference to the covresponding valve 4.

This arrangement is particularly intended
to counterbalance the weight of the driving

shaft and machinery which may bhe con-

nected thereon nd - have in some- cases a
tendency to force down the impeller.

Tt will be readily. seen that by the above
deseribed construction and arrangement the

uneven pressure from the suction inlets or:

heneath the impeller is fully counteracted
and the running parts kept 1n steady posi-
tion withont the usual collars secured to the
driving shaft for that purpose as heretofore

Tlaving thus -described” same what we

Letters Patent is— - . : e
1. A centrifugal pump having, in combi-

. _nation, an impeller and ineans for maintain-
30

ing the impeller in a predetermined position,
said means comprising a chamber. 2 head
which is mounted in. the chamber and par-

takes of the movement of the impeller and-

is subjeci to the pressure of liquid in the
chamber. a valved pipe for.supplying the
chamber ‘with liquid under pressure to act
upon the head. and means whereby the valve
of said pipe is automatically -opened and
closed by variations in the position of the

impeller from its predetermined position to
thereby restore it to such position, eompris-

ing a valve-operating lever connected with

the shaft and operated thereby to admit or |

cut-off the supply of lignid to the chamber.
2, A eentrifugal pump comprising an im-
peller, a driving shaft connected with said
impeller, a piston connected with said shaft,
a casing for said piston. valved fluid-supply
means connected with said easing and con-

necting devices between the valve of said i

fluid snpply means and said shaft whereby
pressure._on _said piston 1s automatically

" regulsted. said connecting devices compris-

55

Jdug an oscillatory lever actuated by said
shaft, and a connecting rod between said le-
ver and valve.. -

3. A centrifugai pump. having in combi-
natien with its casing.. impeller and im-

peller-shaft: means for automatically main- |

taining the impeller in predetermined posi-

tion, comprising a chamber: a fluid-conduet- -

ing pipe arranged outside- the casing and

connected with the chamber: a valve in said
ipe for controlling the flow of fluid there-
through. means in said chamber. partaking

] escr valve with'the shaft.. .. =
claim as new and desire to secure by U. S.

of movement of -'tl'le‘ ixhbel'ler and upon
whicl, the fluid acts to maintain the e

“peller:in its predetermined- position “and a -

lever having connection at one end with the

sha‘t of the impellér and at the other end'7p. -

with the valve and adapted to be operated
by movements of the shaft from and toward
ifs proper -position’ to ‘open and close the
valve, S R '

4. A centrifugal pump; having in combi 75 .
nation with its casing, impeller and im- :

peller-shaft: means for automatically main- -
taining the impeller in predetermined posi- -
tion, comprising a chamber, a fluid:conduct-

ing pipe arranged outside the cising and 80
‘| connected with the chamber, a valve in said

pipe for controlling the flow of flnid there-
through, means. in said chamber, partaking
of movement of the impeller and upon

which the fluid acts to maintain the impeller 85 : . -

in its predetermeined position, and meansfor
opening ard closing the valve by movements-
of shaft from and toward its proper position,
comprising - jointed ‘levers " connecting “the

5. A centrifugal pump, having in combi-

‘nation with its casing, impeller and im-

peller-shaft; means for automatically main-
taining the impeller in gredétermined posi- -
tion, comprising a cham

ing pipe arranged outside the casing and
connected with the chamber, a valve in said

80

er, a fluid-conduct- 95 :

pipe for controlling the flow of fluid there- .

through, means in said chamber, partaking

of movement of the impeller and upon 100

which the fluid acts to meintain the impeller
in its predetermined position, and means for
opening and closing the valve by movements
of the shaft from and toward its proper .

position, comprising an -oscillatory lever 105 -

connected with the shaft, and a link con-
nected with said lever and with the valve.
6. A centrifugal pump, having in combi-

nation with its easing, impeller and im--

shaft, means mounted in the chamber and -
partaking of movements of the impellér and

within the chamber, a plurality of fluid

“conducting pipes having ‘connection with

the chamber and. with source of supply of
fluid under pressure, valvesin said pipes,and

ing an oscillatory lever having connection
with the shaft and the valves.

7. A centrifugal pump having, in-combi-

nation with its casing, impeller and im-
peller-shaft: means for automatically main-
taining the impeller in predetermined posi-

“tibn. comprising a chamber eneircling the

<haft. a head mounted on the shaft and in

“the chamber, pipes having comniunication
witli a sonrce of fluid supply and entering !

peller shaft: means for automatically main- 110
‘taining the impeller in predetermined posi-:
‘tion. -comprising a -chamber encircling the

s

adapted to receive the effect of fluid pressures 115

‘an operating means for the valves compris- 120

125

30
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said chamber at opposite sides of the head,
valves-in said pipes, and means for sctuat=

-ing said valves by movements of the shaft

" from ‘or toward its proper position. having

210

" piston mounted in. sald casing and upon-

~the last mentioned casing above aud below

20

an oscillatory lever connected with the shaft
and connections -between -said -lever and-

valves. .

C8A

cenirifugal pump

sures on said impeller, said balancing means
comprising a casing encircling said shaft.-a

said shaft, pipes having. communication
with a source of liquid supply and entering

said piston and through which liquid is ad-
mitted to-said casing to act upon said piston
and produce the balance which maintains
said impeller and shaft in their predeter-

" mined “positions, valves. in said pipes for

CRe

30
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eutting off the supply through the same dur-

“ing- the normal operation of ‘the impelier,
and operating devices by which said valves
“are opened and closed. independently of
- each other, for the purpose described, under
" the “control -of movement -of said impelier |
“from and to its predetermined position, said

operating devices comprising an oscillatory
lever actuated by said shaft and connecting
means between said lever and valves. -

9. A centrifugal pump, comprising a main
casing having suction inlets, an impeller; a
driving. shaft carrving said impeller, and

~means for balancing the suctional forces

and pressures to which said impeller is-sub-

~jected in operation, comprising a piston on

40

said shaft, means through which said piston’

is.exposed to suction opposed to that on the

“impeller, a second piston and means for im-
posIng Tpressure  on said second piston -to

. ccunterbalance the pressure on the 1mpelier,

45

50

85

" the last mentioned means having devices for

reg
piston is exposed. o

10. A centrifugal pump. comprising =
main -casing having suction inlets, an im-
peller; a drivihg shaft carrying said im-
peller, and means for balancing the suc-
tional forces and pressures to which said
impeller is subjected in operation, compris-
ing a plurality of pistotis mounted on said
shaft, means through which one of said pis-
tons is exposed to suction opposing that act-

oulating the pressure to which said second

“ing on said impeller, a lquid-containing

60
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casing in which the other of said pistons is
arranged. and meaps for controlling the

-supply -of liguid to said casing to act on the

piston  therein, said means comprising de-

vices by which tie supply of liquid is cut
off when the pressures are counterbalanced.

11. A centrifugal, pump comprising a-
main easing, an impeller and its driving
shaft rotatably mounted therein, a cylinder

C comprising a cas-
‘ing, an impeller mounted therein, a driving
shaft connected with said impeller, and-|
.neans for automatically balancing the pres- |

~valves, lever 7 mounted upon standara O

71,846

encircling said shaft and having neun-com--

the creation of a vacuum therein, & piston
mounted on said shaft within the vacuum
chamber, a- second piston securéd to said

shaft and motnted in the other of said

chambers, and ineans for supplying fiuid to
the latter chamber. ~ o
-.12. In a centrifugal pump, provided with
a casing, an impeller within said casing, a
driving shaft journaled upon said casing
and connected to the impeller, a cylinder
monnted upon said casing around the driv-

ing shaft and - having o chamber formed

therein. a piston secured to said shaft within-
said chaniber, in ¢ombination with means to

nunicating chambers one of which is open
- to the suction inlets of said mam casing for

70

80

balanee said piston consisting of a liquid:

municating with 'sald chamber. valves se-

device provided with carrying pipes com- -

o
[A13

cured to said pipes provided with automatic.
means to open and close suid valves consist-

ing of connecting rod N, s2cured to sald

and connected to the driving shaft, substan-
tiallv “as -set forth-and for
speeified. - e

80
the: purpese.

©13. In a centrifugal plll’lli); provided with

a ‘easing, an impeller within said casing, a

‘driving shaft journaled upon said casing

and connected to the impeller, a cylinder

ing shaft and having chamber formed there-.

_in, a piston secured to said shaft within the
.chamber. in combination with means to bal-
ance said piston consisting of liquid cifcu- -

'| mounted upon said casing around the driv-

100 ¢

lating in said chamber and a combined:auto- .

matic carrying and regulating device com-

‘municating  with said chamber for said
Jiquid, consisting of supply pipe M. connect-
“ing pipe A, valve %, connecting rod N, lever
“2 mounted upon standard O and pivoted to
“the connecting rod and the driving shaft-

substantially ‘as set forth and for the pur-

‘pose specified. -

*14. In a centrifugal pump, provided with
» easing. an impeller votating within said
casing, & driving shaft journaled upon said
casing and connected to the impeller, a cyl-
inder mounted-upen said casing around the
drivinz shaft and having chamber formed
therein. a piston secured {o said shaft with-
in the chamber, in combination with means
to balance said piston consisting of liquid
circulating in said chamber and an auto-
matic carrying and- regulating device com-

" municating with' said chamber  for said

liquid econsisting of supply pipe M con-

necting pipes ¢ and A valves ¢ and % se-

cured to said connecting pipes, lever 7
mounted upor standard O and pivoted to

‘the driving shaft, connecting rod N secured
‘to the lever and the valves ¢ and./: sabstan- -

tially -as set forth and for the: purpose

specified.

105
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15. A centrifugal pump -comprising a
main -casing, an umpeller and its driving
shaft rotatably mounted therein, a piston
casing - encircling  said. shaft, a  piston.
mounted.in said piston easing and -secured
to said*shaft, a valved lignid supply pipe

having communication with said piston caz-

ing and extending a distance above the same,

10

15

and means connecting the valve of said pipe
with said shaft for operating the same auto-
matieally, -~ - . i
16. A centrifugal pump having, in combi--
nation, an impeller and means for maintain-
ing ‘the impelier in a predetermined posi-

tion, said means comprising a chamber, a |

~ head whieh is mounted in the chamber and

30

partakes of movement of the iinpeller and is
subject to the pressure of liquid 1 the chain-
ber, means for supplying the chamber with
liquid under pressure to act upon the head,
sald meuans having a valve and comprising
a pipe which extends from a place at a dis-.
tance above the chamber, and valve-operat- .
ing connections between said valve and the
shaft of the impeller. , S

17.. A centrifugal pump having, in combi-

nation, an impeller and means for maintain-

ing the impeller in a predetermined posi-
tion, said ieans comprising a chamber; a
head which is mounted in tha chamber anc

“partakes of movement of the impeller, and

means for supplying -the. chamber witk

liquid under pressure to act upon the head,

~inclnding a stand pipe extending from-a

40

45

distance above the -chamber, . connections
leading. from the stand pipe to portions of
the chainber at opposite sides of the head,
and valvular means for controlling the fow:
through' said connections having operating
elements the action of which is controlled
by changes. in the position of the impeller.

nation, a main casing, an inpeller mournted
in the casing and having a shaft, a chamber
into which said = shaft extends, a head
mounted in the chanber and upon said shaft,
a standpipe extending from a distance above
the chuamber, pipes leading from the stand
pipe inte the chamber at opposite sides of
said head, valves in said pipes, and valve-

- operating means connected with and oper- .
-uted by the impeller shaft and adapted to
-operate the - valves independently of each =~
cother, T e S

19, A centrifogal puwp, eomprising- an
impeller and its driving shaft, a easing hav-

55

ing suction ‘inlets and . a passage leading
from said inlets to the impeller, said casing -

also having a vaenum chamber: one .end of

- whieli'is closed and the other end of which
1s wholly opeu and of approximately the.
same diameter as-that of said passage and

6o

having communication with said passage, =
and a piston-secured to said driving shaft

afid located in said vacuumn chamber, sub-
stantially as set forth and for the purposes
specified. ’ ' \

i

65

20. In a centrifugal pump, provided with.
a casing, an impeller having a driving shaft

and rotating within the -easing, suction- in-
lets-secured to said casing, a vacuum-cham-

ber formed around:the driving shaft and hav- -

ing closed and opened ends, a piston placed

within said-chamber; in-combination with a-

| relief valve secured between the Eiston and 73
the closed end of the chamber, su
-as set forth and for the purposes specified.

21. A centrifugal pump comprising a main
main ‘casing: having suction inlets and a

svacuum chamber, said vacuum-chamber hav-

stantially -

ing. a closed and an open end, a piston cas- -

ing, an impeller and 1its driving shaft, said
shaft extending through said vacuum cham-

"ber and piston -casing, a piston secured to

said - shaft and arranged in said - vacuum
chamber; a relief valve between said piston-

and the closed end of said vacuun: chamber,

ton casing, .

. [ | . :

. PR -~ In testimony whereof, we have afhixed our
. A centrifugal pump having, in combi- . . A AR A :
18. A centrifugal pumr Ton ‘signatures in. the presence of two: witnesses

“this 10th day of October, A. D. 1908.

FERDINAND W. KROGH.
- CARL A. KROGE. -
In preéence of-~ o
J. Corixsow,
Joux EcHTLER.

85

-a second pistor. mounted in said piston cas- .
ing und secured to said shaft, and means for -

- conducting liquid under pressure to said pis- gq-




