S .

% emliomn, -

July 20, 1954 H. M. MONTGOMERY ET AL 2,684,033
CENTRIFUGAL PUMP

Filed Dec. 30, 1949

v N
) AR AR ARAAAAN
£ V)
70 A3 g / N _-23
: & 22
v 4
"EJ F 27

AN
'''' L l&\b\\

3y
Ny

INVENTORS,
FFORACE /. /7PONTGOrIERY
EDWARD LTF. SrHsFe

: /%m/q%ﬂw,%m&?ﬁmm
E_ig-4 TIigdg J ATFORNEYS




N

Patented July 20, 1954 2,684,033

UNITED STATES PATENT OFFICE

2,684, 033
CENTRIFUGAL PUMP

Horace M. Montgomery and Edward M. Smith,

" ‘Mansfeld, Ohio,” dssignors ‘té “Barnes Manhu-
mcturmg Co.; Mansﬁeld Ohm a corporatmn
of Ohlo o

Apphcatlon December 30, 1949 Senal No 135 996

2 Claums (ClL. 103~m103)
1 2
This invention relates to improvements in a the shell means also lying in a plane normal to
centnfugal pump and more partictlarly’ to S the $haft wheéreby enigagement-of the shell means

pump adapted to be driven by a motoer of’ ‘very agamst the motor end face accurately pos1t10ns

small hor senower such as one ﬁrtleth horse- the pump 1mpe11er {1l the pump housing.”

power : 5 Still “another’ object “of the présent inven-
It has long been desirable to provide centrif- tion is to prov1de an‘end plate foi the pump

ugftl pumps for very 11ght duty, such as d1sh- housmg "Whieh is“a "bolting bracket-for securing

washing, and adapted to'be driven by such small the pump housing to the motot and at the same

motors as those of say one-nf tieth: norsepowe1 time ‘plondes a 'seal "for -closing thé outér end

One of the difficulties heretofore encountered in 10 of theé pump housing, thls end plate also can‘y-

providing sueh a ‘pump, is the reductlon of fric- - ihg the stction’flavge, -

tion load both at’ startlng ahd at full load, and Other objects’ and‘advantages of our 1nventxon

one of the obJects of the present’ 1nvent10n is to will ke’ apparent from the- ‘gecompanying draw-
50 reduce uhe friction of such a centnfuoal pumo ings and-descriptionand- the essential ‘features
both by vane clearances and 1mp10vements i 18 uhereof Wwill 'be set forth in the appended clalms

uhe seal around the shaft wh1ch extends 1nuo the ' In ‘the drawings, Fig.-1 i§ a side-elevational viey
pump chiamber. i of olr hovel pump assembled to its driving- mot01
" Another object of the present invention is to Fig. 2 is an ‘end elevation of’ the- same taken

provide a centnfugal pumo of the type deserlbel at the rlg’ht hand end of Fig 1;

with critical clearances between the’ blades and 20  Fig. 3 is‘anerilargéd view similar to Fig. 1 Wlth
the housing which con tribute to high efiiciency - the right-hard" portion“thersof” in” central sec-
in’ pump1ng, ‘and at the same ume ‘permiits our tional view’ to more c]early show the construc-
pump to handle eﬁectwely small’ solids in the 'tlon

stream, such as particles’ of food in dxsh wa shmg Fig. 4 is an enlarged fragmental sectmnal view
apparatus ' 98 thirough the seal portion’of Fig. 3;° k
Another object of the present invention is bO tUOPiE. 5718 4 fragniental” sectional view similar
provide a seal about a shait entering ‘a pump to Fig.” 4 bt showing “the” pos1t10n of the seal,
chamber so constructed and’ arr ed that the somewhat ‘exaggerated, at top’ motor speed; Whlle
pump chamber is" well ‘sealed’ agmn‘su le kage Mg, §is an end €levationial 'view of the vaties

when the pump is idle and the embracmg action 3o of the pums takén along the line §--8 “of Flg 3
of the seal on'‘the shaft is automatmally reduced ‘and slightly 1educed"1 ize"therefrom. ’
‘as the pump load inereases. ~ THe drawings'sHow oul“itnproved pump secured
) nother ob1eet of the plesent mventlon 1s to ] ' mo or IO which"inl thie presént -
“ho rsepower AL C. motdr
fanly stlix rubberhhe‘ aterlal so conswuc & and 35 ‘havmg WVo poles and opemtmg at 110" volts
erranged that’ the vanes extend substanulally in and 3000' Tevo) te. “This' mibtor
rad1a1 direction undeér low loads but which tend ‘drives’ a shaft' the motor I8,"and
to take a reverse involute bend when the pump 'co centrie ' 1 i§° a bo 58 18 Whlch
is under heavy I¢ d thereby automatlcally main- ‘
‘taifing . the uﬂ‘icze cy . of the pump under v«rlous
loads. - o
Another object of the present invention is to
provide a rovel’ comb ation of an electrlc miofor
hfwrng a beanng boss'co’xcenurw with the drive
shafb thereof and shell ‘meéans rigid Wlth the
pump housmg and coneentrlc with the cylin-
drical pump ehamher ‘these parts so’ coactihg
when assembled that the’ ‘motor " bearing boss
centers and ahnes the pump qhait and the pump
housmg ar pum Jing chambez

A further obJect of the p;esenu invention is to
pIOVIde in combmatlon w:uth the. nenents ‘of the
plecedlng paragraph ‘an end face on the motor chamber
exterlorly of the boss ly;ng ina plane normal to of the h
the .motor shaft . together with an end” edge of 55 through ‘the end‘lsbf _here the shaft portmn M

. puinp 1'rnpe11e1
1nstance comprlsmg a
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enters the pump chamber. A seal 28 is provided
between the shaft {4 and the pump housing for
the purpose of closing the opening {8c against
egress of fluid from the pump or ingress of air
to the pump. A retaining washer 2i secures the
seal in position and the washer is held in place
by peening a portion of the pump housing end
wall over on the outer face of the washer as by
means of a center punch as indicated at 21’.

Shell means 18d is provided at the motor end
of the housing (9 for positioning the housing 9
relative to the motor. This consists of upper
and lower arcuate shells, each of abouf 135° in
extent, rigid with the housing {8 and extending
toward the motor i? and having an end at (9e
terminating in a plane at right angles to the
shaft {{. 'The inside diameter of the portions
{8d is adapted to snugly embrace the boss (2.
The shell portions {9d are concentric with the
inside diameter of the housing portion i8¢ and,
since the boss 12 is concentric about the shaft i,
when the parts are assembled as shown in Figs.
1 and 3 the parts 12 and 19d serve to hold the
pump chamber properly alined in both horizon-
tal and vertical planes with respect to the motor
£ and its shaft {1. Since the impeller {8 is
fixed on the shaft {4, which in turn is fixed to
the shafé §i, the abutment of the end i8e of
the pump housing against the motor face (3
properly positions the impeller with respect to
the face 1§f of the pump chamber.

An end plate 22 serves to close the open outer
end of the pump housing and at the same time

serves as a clamping bracket to secure the hous- .

ing to the motor i8. The walls {8a terminate at
the open end of the pump housing in a plane
at right angles to the axis of the pump housing.
An annular recess 22a in the end plate 22 snugly

receives the outer ends of the walls {8a. A seal-.

ing gasket 23 is provided between the parts to
make a lquid tight seal. On the outer face of
the end plate there is provided a stiffening rib
2%b extending across the end plate and provid-
ing outstanding ears 22¢ through which pass
bolts 24 which are threaded into the motor i6.
Nuts 25 and lock washers 26 clampingly secure
the end plate in the positions shown in Figs. 1
and 3 so as to close the open outer end of the
pump housing and to secure the housing to the
motor {6 in proper position. Centrally of the
end plate there is provided a suction flange 27
which carries the fluid inlet 28 communicating
with the pump chamber 6 centrally thereof. A
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fluid outlet 29 is provided tangentially of the

chamber {§ and communicating therewith.

The pump impeller 18, as clearly seen in Fig. 6,
comprises o hub portion i8¢ having an internal
diameter of about ¥ inch and an external diam-
eter of about 34 inch. This hub portion is bonded
to the finely knurled portions {7 of the shaft 14.
The impeller also comprises two radially extend-
ing vanes 180 extending diametrically opposite
each other away from the hub portion {8a. In
this form of our invention, where the pump
chamber i6 has an internal diameter of 1%
inches, the vanes (8b extend 134 inches from
tip to tip, leaving a clearance all around between
the vanes and the pump housing walls i8a of
about % inch. In this form of our invention,
each vane has a thickness A near the hub of
about % inch and a thickness B at the outer
end of about s inch. The vane thickness tapers
gradually from the base to the outer tip. In
this form of our invention, the dimension from
the root to the tip of each vane is about 1 of
an inch. Our invention comprises the use of
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rubberlike material which is resilient but fairly
stiff. We find that a hardness of 75 to 80 du-
rometer is about right in the present instance
to give maximum efficiency. It results from this
construction that as the pump is turning in the
direction of the arrow of Fig. 2, the vanes (8b
at low loads hold a substantial radial position
as shown in Fig. 6 and is indicated in dotted
iines in Fig. 2. However, as the load increases,
the vanes bend backwardly at the tip and the
graduated thickness of the vanes tends to cause
them to take the form of an involute curve bend-
ing backwardly with respect to the direction of
rotation as indicated in dot-dash lines in Fig. 2.
The greater the speed of the pump and the
greater the load on the pump, the greater the
curvature of the vanes so that the efficiency is
automatically increased as the load increases.
The pump here shown is designed to pump
about eight gallons per minute of water at the
top capacity of the one-fiftieth horsepower
raotor.

As previously mentioned, one of the purposes
of the present invention is to reduce the fric-
tional drag of the pump on the motor while ab
the same time retaining pumping efficiency.
We have found that in a pump of the size de-
scribed, the dimension C as shown in Pig. 3
between the side edge of the vane nearest the
motor end of the pump housing should be about
& inch. We have also found that the dimension
D as shown in Fig. 3 between the other side of
the vane and the end plate 22 should ke akout
Y, inch for best efficiency. It has previcusly heen
taught by many that centrifugal pumps should
have the minimum clearance between the vanes
and the housing. In the present instance, we
have obtained very high efficiencies with the
construction as clearly shown in Fig. 3 where
there are clearances on all sides of the vanes.

Another advantage of the clearance D and the
clearance between vane tips and the housing,
coupled with the resilient quality of the vanes,
is that we are enabled to pump liquids contain-
ing a considerable proportion of solids such as
particles of foed, toothpicks, etc. found in dish
washing applications.

We have found that the seal 26 between the
shaft and the pump housing is one of the very
critical spots in this design and therefore it
will be shown and described in great detail
The seal is of cup-shape and comprises an unin-
terrupted annular ring of resilient rubberlike
material of 45 to 50 durometer hardness. The
seal is U-shape in section as clearly shown in
wigs. 4 and 5. The radially inner lip of the
ii-shape section is adjacent shaft i4 and has a
free edge 28’ which sealingly engages shaft {4.
in dot-dash lines in Pig. 4, there is shown the
unstressed condition of the seal. The thickness
at the hase of the U-shape section as indicated
at & in Fig. 4 is about .040 inch. The thickness
2t ¥ and & is approximately .025 to .630 inch.
In unstressed condition, as shown in dot-dash
lines in Fig. 4, the inner and outer lez of the
U-shape section flare outwardly at ahout 81,°
from an axial position. The outside diameter
between the lips as indicated at X in Fig. 4 in
the unstressed condition is approximately .716
inch. This is compressed inwardly to the full
line position of Fig. 4 to a dimension of about
670 inch. The inside dimension L as indicated
in Fig. 4 in unstressed condition is approximately
228 inch. This is extended outwardly by en-
gagement with the shaft portion {4 to a dimen-
sion of .250 inch.
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To show how critical this seal is, it may be
mentioned that when the dimension L. in un-
stressed condition was .236 inch, the seal was un-
satisfactory because it was too loose. When the
dimension L was .220 inch, the seal was unsatis-
factory because it was too tight. In Fig. 4, the
seal 20 is shown in its approximately correct po-
sition in full lines when the pump is idle. In Fig.
5, the position of the seal at top speed of the
pump is shown slightly exaggerated. Tt will
have been noted that the vanes of the pump im-
peller have no shrouding and therefore there is
free access of the pump suection near the shaft
4 on both sides of the vane. In other words, the
suction at the hollow side of the cup-shape seal
28 is approximately the same as the suction at
the suction flange 27. This suction inside the
seal combined with the fact that the outer por-
tion of the seal as indicated at 30 in Fig. 5 is open
to atmosphere causes a differential pressure on
opposite sides of the zone 3| as indicated in Fig.
8. With greater speed of rotation, the vacuum
inside the housing is greater, thus causing a
greater differential relative to atmospheric pres-
sure outside. The tendency is to bend the resil-
ient lips very slightly where the inner leg of the
U-shape joins the base so that less of the lip is in
engagement with the shaft portion 14 at top
speed as indicated in Fig. 5 than at idle or lower
speed as indicated in Fig. 4. When the dimension
L (unstressed) changed to .226 inch, the lips at
B hug the shaft sufficiently at the zone 31 at top
speed of this model to prevent the intake of air
at this point. The U-shape form of the seal also
takes care of slight misalinements of the shaft
portion with respect to the housing. It results
from this construction, that the seal contact area
on the shait is decreased as the suction increases,
thus reducing the load on the motor. As a matter
of fact, at the very start of pump operation,
which is the critical period as regards load on the
low starting torque motor, the friction load due
to the seal 28 drops off as the fluid pumping load
begins to build up at the impellers or vanes.

While the embodiment shows the pump close
coupled to an electric motor, other drive means
may be used and the pump characteristics re-
main the same.

What we claim is:

1. A pump comprising a housing having a
generally cylindrical chamber and end closure
members therefor, there being a fluid outlet po-
sitioned near the periphery of said chamber, one
of said closure members having a fluid inlet cen-
trally of said chamber, the other of said closure
members having a central through opening, a
driven shaft extending through said opening
axially of said cylindrieal chamber, an impeller
fized on said shaft and having radially extending
vanes iree of shrouding, said vanes being free of
engagement with the walls of said housing by
reason of a clear space provided between the
sides and ends of said vanes and said housing,
sealing means closing said opening between said
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shaft and said housing, said sealing means com-
prising an uninterrupted resilient annular lip ex-
tending about said shaft and generally parallel
thereto and having a free edge extending toward
the pump chamber, the interior of said annular
ring communicating with the central interior
portion of said chamber, said free edge sealinsly
engaging said shaft, the resiliency of said lip
normally urging said free edge against said shaft
and providing the sole bias for said edge, and the
face of said lip toward said shaft and spaced from
said free edge being spaced slightly from said
shaft, there being an opening communicating be-
tween said face and atmosphere, whereby the
greater the speed of rotation of said impeller, the
greater is the differential pressure outside and
inside of the housing and the less friction said
lip exerts against said shaft.

Z. A pump comprising a housing having a gen-
erally cylindrical chamber and end closure mem-~
bers therefor, there being a fluid outlet positioned
near the periphery of said chamber, one of said
closure members having a fluid inlet centrally of
said chamber, the other of said closure members
having a central through opening, a driven shaft
extending through said opening axially of said
cylindrical chamber, an impeller fixed on said
shaft and having radially extending vanes free
of shrouding, said vanes bheing free of engage~
ment with the walls of said housing by reason of
a clear space provided between the sides and

ends of sald vanes and said housing, sealing

means closing said opening between said shaft
and said housing, said sealing means compris-
ing a resilient annular cup of U-shape section
surrounding said shaft with the open side there-
of toward said chamber and in communication
with the central portion of said chamber, the
radially innermost wall of said cup surrounding
said shaft and having its free edge sealingly en-
gaging said shaft, said innermost wall away
from said free edge being slightly spaced from
said shaft, there being an opening communicat-
ing between the outer face of said wall and at-
mosphere, whereby the greater the speed of ro-
tation of said impeller, the greater is the differ-
ential pressure outside and inside of the housing
and the less frietion said lip exerts against said
shaft.
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