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following is a specification.”

UNITED STATES PATENT OFFICE.

PER ARVID PETERSON,

TURBINE COMPANY, OF TRENTON, NEW JERSEY, A CORPORATION OF NEW JERSEY.

BALANCING OF CENTRIFUGAL PUMPS.

1,151,965.

Application filed August 12,

To all whom it may concern: _

Be it known that I, Per Arvip PrrersoN,
a subject of the King of Sweden, and a resi-
dent of Trenton, in the county of Mercer
and State of New Jersey, have invented cer-
tain new and useful Tmprovements in Bal-
ancing of Centrifugal Pumps, of which the

My invention relates to means for the au-

tomatic balancing of centrifugal pumps

.against end thrust, and comprises means

whereby centrifugal pumps, either of the

 one stage or of the ‘multistage type, are

16

balanced against end thrust at all times,

making the provision of thrust bearings un-
necessary.’ ’

The objects of my invention are to main- -

" tain the impellers of centrifugal pumps in
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-packing rings

“axial clearance being similarly exaggerated; and.
i of -in. ring 12. Of
‘tween the ends of flanges 13 and 14 and the

perfect balance at all times, to avold the use
of thrust bearings, to reduce wear and leak-
gge in such pumps to a minimum, and to
simplify the construction of such pumips.

- T will now proceed to describe my inven-
" tion. with reference to the

accompanying
drawings, and will then point out the novel
features in claims. .

In the drawings: Figure 1-shows a frag-.
mentary axial section of a single stage cen-
trifugal pump embodying my invention, the
axial clearance between the ‘labyrinthine
being exaggerated, and Fig. 2
shows a similar section of a multistage cen-
trifugal pump embodying my invention, the

and Fig. 8 is a detail axial sectional view o
the labyrinthine packing rings at the rear of
the impeller, and on a larger scale than the
previous views, showing the radial and axial
clearance between the labyrinthine packing
rings. - ' ' o

Referring first to Figs. 1 and 3, 1 desig-.
nates the casing of .a centrifugal pump, 2

. the impeller shaft of such a pump, 3 an.im-

peller ‘mounted on such shaft, 4 the usual
admission duct and 5 the usual discharge
chamber. The impeller is provided with the
usual passages 6, recelving. liquid from the
admission duct 4 and discharging into the
space 7 and thence into the discharge duct 5.
In rear of the impeller there is, as custom-
ary, a balancing chamber 8. ' ‘

On the inlet side of the impeller I have

“indicated the usual labyrinthine packing

comprising a stationary labyrinthine ring 9

Specification of Letters Patent. ~ Patented Aug. 31, 1915,

1913. Serial No. 784,433.

and a’ rotating labyrinthine ring 10, the
latter mounted upon the impeller and rotat-
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ing with it; the two rings, 9 and 10, having *
intermeshing flanges providing a labyrin-.

thine passage in the usual manner.
At the rear of the impeller I have indi-
cated other labyrinthine rings, 11 and 12,

ring 11 being stationary and ring 12 being -
mounted upon and rotating with the im--

peller ; these rings 11 and 12 likewise having
intermeshing flanges providing a labyrin-
thine passage; but
m directions opposite that which hasbeen the
practice heretofore in centrifugal pumps;
for aceording to former practice it has been
common for the stationary impeller ring on
the rear side of the impeller to have its

the rings 11 and 19" face
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flanges facing toward the impeller; and

correspondingly, according to former prac-
tice, the rotating labyrinthine ring on the
rear side of the impeller has had its flanges

facing from the impeller; whereas Just the

reverse is true of the comstruction herein
illustrated and described. T ,
The impeller shaft is allowed slight play
for longitudinal motion; which movement
will reduce or increase, as the case may be,
the distance between the ends of the flanges
13 of ring 12~
sponding grooves of ring 11, and will cor-
respondingly decrease or increase, as the
case may be, the distance between the ends
of the flanges 14 of the stationary ring 11,

and the ends of the corre-: .

and the ends of the corresponding grooves

course as the distance be-

ends of the corresponding grooves increases,
the distance between the flanges 15 of the
ring 10 and the ends of the grooves of the
ring 9, will increase, and vice versa.

‘Tn the operation of this pump, since the
pressure at 7 is necessarily greater than the
pressure &t 4, while the pump is in. opera-
tion, there is a. tendency for leakage from
space, 7 between rings 9 and 10 back into
the inlet 4 and a corresponding tendency for
leakage from space 7 between rings 11 and
19 back into balancing chamber 8; and this

‘latter leakage, if mo vent were provided

would lead to a pressure

from chamber 8,
in space 7 ; there-

in chamber 8 equal to that

fore I provide a passage 16 between the cas--

ing 1 and the impeller shaft, and a duct 17
connecting this passage 16 with the inlet
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duct 4 of the pump. T also provide on the
impeller shaft a throttling ring 18, the pur-
pose of which will be explained below.

It will be seen that in the construction
shown if there be an excess of thrust toward
the right the ‘impeller will move slightly
to the right, increasing the distance between
the flanges of rings 12 and 11 and the ends
of the grooves in which those flanges are
located; and so permitting increased flow
between the rings 12 and 11, while at the
same time the throttling ring 18 will re-
strict the flow from chamber 8 through pas-
sage 16, with a resuliing building up of
pressure in the-balancing chamber 8 suf-
ficient to restore equality of thrust in both
directions; conversely, if the thrust toward

the left be greater than that toward the-
right, the impeller will move slightly to the

left, decreasing the distance between the

ends of the flanges of rings 11 and 12 and"

the ends of the grooves in which those rings
are located, and correspondingly decreasing
the distance between the flanges of the rings
9 and 10 and the ends of the grooves in

“which those flanges are located, and decreas-

ing the throttling of passage 16 by throf-
tling ring 18, with a resulting decrease of
pressure in balancing chamber 8. -

. Heretofore, in centrifugal pumps pro-
vided with 13,7byrinthine packing, it has been
customary to provide radial clearance be-
tween the flanges of the stationary and the
rotary labyrinthine rings and the grooves in
which such flanges are located; such clear-

ance amounting in some cases to as much.

as one sixty-fourth of an inch. Such clear-
ance has necessarily resulted in consider-
able leakage into the balancing chamber and
into the inlet duct of the pump. It has also

been common to employ a balancing duct,.

through the impeller, connecting such bal-
ancing chamber in rear of the impeller with
the inlet portion of the impeller; and the

area of such balancing duct should be pro-

portionate to the leakage through the laby-
rinthine packing into the balancing cham-
ber. " But this leakage cannot be calculated
with any degree of accuracy, being affected
by a great many factors, one of which is

contraction of the flow through- the rings, -

the coefficient of which cannot, be determined

with any degree of accuracy. Further the °

flow through the balancing ducts is also
aflected by many factors, such as contrac-

tion, velocity of water entering the impeller,

and velocity of impeller; and several of
these factors are variable; for which reason

it has been commonly considered necessary

to provide thrust bearings for the impeller,
notwithstanding the presence of a balancing
chamber - in réar of the impeller, and not-
withstanding the provigion of a ‘balancing
duct through the impeller. Moreover, in
these former pumps, the leakage through

1,151,885

the labyrinthine packing into the balancing

chamber has been of a progressively increas- ,

ing nature, owing to inevitable wear of the
labyrinthine rings; for which reason it has
been found necessary to renew at frequent
intervals these labyrinthine rings, as other-
wise the thrust may increase to a dangerous
extent and also decrease capacity and effi-
ciency of the pump materially.

According to iny invention I provide end

clearance for tightening between the ends of
the flanges of the labyrinthine rings and the
ends of the grooves in which such flanges are
located ; which end clearance varies accord-
ing to the position assumed by the impeller
at any instant, usually from 1/64"” as a maxi-
mum to a few thousandths of an inch, accord-

ing to the size of the balancing ducts and po-:
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sition assumed by the impeller at the mo-

ment. The scale of Figs. 1 and 2 is too
small to permit the showing, to anything
approaching scale, of the relation of radial
to axial clearance; and indeed, in these fig-
ures, in order to indicate axial clearance at
all, it has been necessary to greatly exagger-
ate such axial clearance; but in Fig. 8, the
relation of axial clearance to radial clear-

ance is indicated with some approximation .

to their normal relative valies, though even
in this figure it has been necessary to exag-
gerate both clearances considerably; the ra-
dial clearance being, usually, less than 1/64’"
and the axial clearance being, in practice,
less than this amount, ordinarily, as previ-

ously explained.

The axial clearance is the factor which
principally controls . the leakage into the
balancing chamber 8, this axial clearance
being normally, as previously stated, less
than the radial clearance: but the horizontal
or axially-extending portions of the passages
between . the flanges of the labyrinthine

packing rings alse exerts an. important lim--

1ting action upon the leakage, (the width of
these horizontal or axially extending pas-
sages, such width being that of the radial
clearance between the flanges, being small,)
because of the great resistance which such
narrow passages exert to the flow of water,
and_because the leakage passages . between
the labyrinthine packing rings are very tor-
tuous. ' ’

Since, according to
throttling action in the labyrinthine rings
by which the automatic balancing of the
pump is effected, oceurs mainly between the
ends of the flanges of the labyrinthine rings,
and the ends of the grooves in which such
flanges run, wear of these flanges has very

my invention, the

little effect on the leakage between these
rings, since the impeller automatically as-’

sumes a_position whereby the leakage is
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regulated to give the required pressure in -

the balancing chamber, and therefore in
practice renewal of the: labyrinthine rings
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is very seldom required. It also follows

from my invention, that the smaller be the
area of cross section of the balancing duct
or ducts 16 and 17, the smaller is the leak-
age .which can be taken care of by these
ducts and conséquently a smaller axial clear-
ance will automatically be established be-
tween the ends of the flanges of rings 12 and
11, and the ends of the grooves in which
such flanges run. Of course, there is a
minimum permissible clearance between the
ends of these flanges and the ends of the
grooves in which’ they runm, which minimum
clearance may vary under different condi-
tions of use; and the area of the balancing
duet or ducts 16 and 17 should be propor-
tioned in the design of the pump, to give
that minimum axial clearance of the flanges
of the labyrinthine rings 11 and 12 which
the conditions of use require. .
" For various reasons, it is often advanta-

~ geous. to have in the balancing chamber 8

" the inlet of the impeller.

25

30

35

40

45

- the left of the impeller
~ the total force acting
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“peller multiplied. by

a pressure much greater than the pressure in
To insure such
greater pressure in the balancing chamber,
the rear impeller labyrinthine ring 12 is
made of greater diameter than the front im-
peller-labyrinthine ring 10; for in order to
balance the impeller the pressures per unit
area acting on the left hand side of the im-
the areas upon which
such pressures act should be equal to the

‘pressures per unit area acting on the right,

hand side of the impeller multiplied by cor-
responding areas. If the diameter of the
rear impeller labyrinthine ring 12 is made
of the same diameter as the front impeller
labyrinthine ring 10,it can easily be seen
that approximately suction pressure has to
prevail in balancing chamber 8 in order to
balance impeller. If the diameter of the
rear impeller ring be made greater than the
diameter of the front impeller ring and 1if
guction pressure should then exist in bal-
ancing chamber 8, the total force acting on
will be greater than
on the right of the
impeller, consequently there will be a thrust
toward the right. In order to .counteract

this thrust and make the impeller balanced

it will. be necessary to have a pressure
greater than the. suction pressure in balanc-
ing chamber 8. This pressure may be se-
lected to suit the operating conditions and
the diameter of the rear impeller ring can
easily .be calculated when the pressure,
which is desired in balancing chamber, has
been selected. Since, as Ihave showm above,
the impeller automatically assumes.a posi-
tion such that the leakage between rings 11
and 12 is regulated to preserve that pres-

‘sure in the balancing chamber which keeps

the impeller in balance, it follows, that with
a rear impeller ring 12 of greater diameter
and area than the front impeller ring 10,

a greater pressure will be maintained in the’

balancing chamber 8 than the pressure at
the inlet of the impeller. , _

~ The throttling ring 18 is not always es-
sential, but it is desirable in many cases,
particularly when a pump, designed for
working against a high head, 18 running for
2 time on a low head, as, for example, when
starting up, or is operating on a variable
head. In such case, except for the throt-
tling ring 18, the impeller might be unbal-
anced momentarily, and
impeller toward the right in Fig 1; but
the throttling ring, by regulating the escape
from the balancing chamber 8, causes pres-
sure to buitd up quickly in this balancing
chamber and to an extent sufficient to keep
the impeller structure in balance.

In Fig. 2 1 have illustrated my invention
as applied to a three stage centrifugal pump.
Tt will be obvious that the number of stages
of such pump might be greater or less than
they are shown. The construction is the
same as in Fig. 1,
packing is provided on the rear side of the
last impeller only,
ing chamber 8 is provided on the rear side
of such last impeller only; the balancing
duct 17 extending from the left hand or
front side of the first impeller to a passage
16 communicating with the balancing cham-
ber 8 on the rear side of the last impeller.
In the construction shown in Fig. 2 the
throttling ring, there designated by numeral
18, is carried by the last impeller, instead
of by the impeller shaft. The operation of

the pump shown in Fig. 2, as to automatic

balancing, is the same as that of the pump

_shown in Fig. L.

T am aware that the automatic balancing
as to end thrust of the impellers of single
stage and multistage pumps has been pro-
posed heretofore; but so far as I know this
is the first instance of automatic balancing
obtained by throttling action between the
ends of flanges of labyrinthine packing
rings, and the ends of grooves in which such
flanges work, regulated by automatic axial
motion of the impeller. .

In a companion application, filed August

12, 1918, Ser. No. 784,432, 1 have illustrated
a centrifugal pump embodying the same

qlustrated and described, the construction
of the pump of my said application filed
August 12, 1913, Ser. No. 784,432 being
similar to- that of the pump herein illus-
irated and described, except that instead of
employing balancing ducts 16 and 17 con-
nectine the balancing chamber 8 with the
inlet duct of the pump, I have provided . a
balancing duct extending through the im-
peller from the balancing chamber to the
inlet portion of the impeller, and except
that, in the multistage pump shown in my

except that labyrinthine

and. except that a balanc--
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said companion application filed August 12,
11913, Ser. No. 784,432, labyrinthine packing

is provided between the stages of the pump.
The construction of this present case is pref-

erable in muitistage pumps wherein the dif-

ference in pressures existing in discharge
duct 7 of last impeller and balancing cham-
ber 8 is not extremely.great. If this dif-
ference in pressures is foo great, excessive
wear of the rings may occur, and in such a
case I prefer to use the construction shown
in my companion application. The claims
generic to the constructions of this appli-

-cation, and of my said companion appli-

- 20

.25

cation, are found in this application.

The principle of automatic balancing
herein illustrated and described are appli-
cable to steam and.other fluid pressure tur-
bines and blowers. Hence, in one of the fol-
lowing claims I have employed the term

“pressure engine” as inclusive of centrifu-.

gal pumps, blowers, and steam’ and other
fluid pressure turbines, and have employed
the term “rotor” as generic to the impeller
structure of a centrifugal pump, to the im-
peller structure of a blower, and to the ro-

~tary member of a fluid pressure turbine.

30

What I claim 1s:— :
1. A pressure engine coruprising in com-
bination a casing having 2 flow passage

.- within it and a rotor within said casing
‘mounted for slight axial motion therein as
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well as for rotary motion, there being a bal-
anicing chamber between the impeller and
casing, of means for controlling leakage
with respect to such balancing chamber com-
prising labyrinthine packing rings, one car-

ried by the casing and the other by the rotor,

and one provided with & cylindrical flange
and the other with a corresponding cylin-
drical groove adapted to recelve such flange,
there being end clearince between the end
of such flange and the base of such groove,
that side of the rotor labyrinthine ring which

-concts with the -casing lsbyrinthine ring

facing toward the rotor, whereby axial
movement of the rotor, due to unbalanced
thrust, tends to restore balance of thrust by

-'increase or decrease, as the case may be, of
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- flow between such labyrinthine rings.

2. A centrifugal putap comprising in com-
bination n casing having a flow passage
within it and an impeller within said cas-

mg mounted for slight axial motion therein

as well as for rotary motion, there being a
balancing chamber on the rear side of such
impeller and between the impeller and cas-
ing, of means for controlling leakage from
the flow passage of such casing to said bal-
ancing  chamber comprising labyrinthine
packing rings, one carried by the casing and
the other by the impeller, and one provided
with a cyvlindrical flange.and the other with
a corresponding eylindrieal groove adapted
to receive such flange, there being end clear-

1,151,966

ance between the end of such flange and the
base of such groove, that side of. the im-
peller labyrinthine ring which coacts with
the casing labyrinthine ring facing toward
the impeller, whereby axial movement of the
impeller, due to unbalanced thrust, tends to
restore balance of thrust, by increase or de-
crease, as the case may be, of flow between
such labyrinthine rings.

" 8. A centrifugal pump comprising in com-
bination a casing having a flow passage
within it and an impeller within said cas-
ing mounted for slight axial motion therein
as well as for rotary moticn, there being a
balancing chamber on the rear side of such
impeller and between the impeller and cas-
g, of means for controlling leakage from
the flow passage of such casing to said bal-
ancing chamber comprising labyrinthine
packing rings, one carried by the casing and
the other by the impeller, and one provided
with a cylindrical flange and the other with
a corresponding cylindrical groove adapted
to receive.such flange, there being end clear-
ance between the end of such flange and the
base of such groove, that side of the im-

" peller labyrinthine ring which coacts with

the casing labyrinthine ring facing toward
the impeller, a duct permitting escape from
such baslancing chamber, and means axially
movable with the.impeller, controlling flow
through such duct.

4. A4 centrifugal pump comprising in com-

binaticn a casing having a flow passage
within it and an impeller within said cas-
ing mounted for slight axial motion therein
as well as for rotary motion, there being a
balancing chamber on the rear side of such
impeller and between the impeller and cas-
ing, of means for controlling leakage from
the flow passage of such casing to said bal-
ancing chamber comprising labyrinthine
packing rings, ong carried by the casing and
the other by the impeller, and one provided
with a cylindrical flange and the other with
a corresponding cylindrical groove adapted
to receive such flange, there being end clear-
ance between the end of such flange and the
base of such groove, that side of the im-
peller labyrinthine ring which coacts with
the casing labyrinthine ring facing toward
the impeller, & duct permitting escape from

-such balancing chamber, and a throttling

ring axially movable with the impeller, and
arranged to restrict variably flow through
such - duct.

5. A centrifugal pump comprising in com-
bination a casing having an inlet duct and
a flow passage, and a single suction impeller
within said casing mounted for slight axial
motion therein, as well as for rotary motion,
there being a balancing chambér on the

rear side of such impeller and between the

impeller and casing, labyrinthine packing
on the inlet side of the Impeller comprising
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intermeshing labyrinthine rings, one carried
by the impeller and the other by the cas-
ing, labyrinthine packing on the rear side
of the impeller controlling leakage from
the flow passage of the casing to -said
balancing chamber and comprising laby-
rinthine packing rings having the one a
cylindrical flange and the other a corre-
sponding cylindrical groove adapted te re-
ceive such flange, one of such rear laby-
rinthine rings being carried by the casing
and the other by the impeller; the working
face of such latter ring facing the impeller,
there being end clearance between said rings,
such rear labyrinthine impeller ring being
of greater area than the front labyrinthine

- packing ring.

20

6. A centrifugal pump comprising in com-
bination a casing having an inlet duct and
a flow passage, and a single suction impeller
within said casing mounted for slight axial
motion therein, as well as for rotary motion,
there being a balancing chamber on the rear

" side of such impeller and between the im-

peller and casing, labyrinthine packing on

~the inlet side of the impeller comprising in-

termeshing labyrinthine rings, one carried

. by the impeller and the other by the casing,

30

labyrinthine packing on the rear side of the
impeller controlling leakage from the fiow
passage of the casing to said balancing
chamber and comprising labyrinthine pack-

" ing rings having the one a cylindrical flange

35

40

and the other a corresponding cylindrieal
groove adapted to receive such flange, one
of such rear labyrinthine rings being car-
ried by the casing and the other by the im-
peller, the working face of such latter ring
facing the impeller, there being end clear-
ance between said rings, such rear  laby-
rinthine impeller ring being of greafer area
than the front labyrinthine packing ring,

_and a balancing duet connecting such balanc-

45

.50

ing chamber with the inlet duct of the
pump. ‘

7. A centrifugal pump comprising in com-
bination a casing having an inled duct and
a flow passage, and a single suction impeller
within said casing mounted for slight axial
motion therein, as well as for rotary motion,
there being a balancing chamber on the rear
side of such impeller and between the im-
peller and casing, labyrinthine packing on

the inlet side of the impeller comprising. .-

S

intermeshing labyrinthine rings, one car-
ried by the impeller and the other by the
casing, labyrinthirie packing on the rear side
of the impeller controlling leakage from the
flow passage of the casing to said balancing
chamber and comprising labyrinthine pack-
ing rings having the one a cylindrical flange
and the other a corresponding cylindrical
groove adapted to receive such flange, one
of such rear labyrinthine rings being car-
ried by the casing and the other by the im-
peller, the working face of such latter ring
facing the impeller, there being end clear-
ance between- said rings, such rear laby-
rinthine impeller ring being of greater area

“than the front labyrinthine packing ring,

and a balancing duct connecting such bal-
ancing chamber with the inlet duct of the
pump, and means axially movable with the
impeller for variably restricting flow
through such balancing duct.

8. A multistage centrifugal pump com-
prising in combination a casing formed in
a plurality of stages’ with flow passages
therethrough, and an inlet duct communicat-
ing with one stage and an exit duct com-
municating with another stage, and a rotary
impeller structure within such casing com-
prising an impeller for each such stage, there
being a balancing chamber on the rear side
of the last impeller and between that im-
peller and the casing, of leakage preventing
means between the outlet duct and inlet duct
of each impeller, leakage preventing means
between the balancing chamber on the rear
side of the last impeller and the casing,
comprising labyrinthine packing rings one
carried by the casing and the other by the
impeller, and the one provided with a cy-
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lindrical flange and the other with a corre- -

sponding cylindrical groove adapted to re-
ceive such flange, such rear impeller laby-
rinthine ring facing toward the correspond-
ing impeller, and a balancing duct connect-
ing such balancing chamber with the inle:
duct of the pump. o '

In testimony whereof I have signed this
specification in the presence of two subscrib-
ing witnesses. -

PER ARVID PETERSON.

Witnesses:
C. R. Warizr,
Geo. B. Psce. -

95

160



