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(9 Bladeless pump and method of using same.

@ A bladeless pump {A) that includes a housing (B) that
defines a circular confined space (C) of substantial width into
which either a single phase fluid or multiphase fluid is
sequentially introduced through a centrally disposed inlet
(22, 18, 20, 16) in a first side (10) of the housing (B) to be
subjected to boundary layer rotational drag by at least one
substantially smooth disc {46} that rotates in the confined
space (C) intermediate the first and second side pieces {10,
12) of the housing (B) and parallel thereto. The pump is
capable of pumping a multiphase fluid such as that from a
geothermal well that includes water, dissolved solids, steam
and gas vapor, or a fluid in which the outer phase is water
and the inner phase may range through such diverse
materials as particled coal, marine animals such as fish,
shrimp and crustaceans, and edibles that inciude fruits,
vegetabies, and berries, as well as metallic objects of which
steel bail bearings is an example. The pump has the
capability of pumping beer without appreciable frothing the
latter. Also, the pump is particularly adapted for pumping a
multiphase liquid in which the inner phase is extremely
frangible, of which biood is an important example. The
boundary layers on the rotating discs {46) prevent objects in
the inner phase of a fluid contacting the discs and as a result
there is little or no abrasion of the latter. Also, the boundary
layers on the discs protect the fatter from contact with
bubbies in the fluid, and as a result there is no cavitation on
the discs due to abrupt collapse of the bubbles.
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The presegt invention relates to a‘pump and method of
using sane.
The present invention preferably provides a bladeless
pump and wmethod of using the same to transfer either a single
phase fluid or multiphase fluid from a first location to a
second location without damzging the material that comprises
the innerphase, even when the inner phase is of an extremely
. frangible nature such as the red blood cells in blood.
The present invention may provide a bladeless pump that
can be used to pump such diverse materials as fruits, vegetables
and berries, as well as marine animals that include fish, shrimp,
crustaceans and the like from a first to a sescond iocation wnen
the materials form the inner phase of a fluid in which the
outer phase is a liqﬁid.
The present invention may provide a pump that is
substantially free from cavitation and erosion, and one that
is capable of transferring a liquid that tends to froth from
one location to a second location with a minimum of frothing.'
The present invention may provide a bladeless pump that
is capable of efficiently pumping air or liquid slurries,
particularly liquid slurries that have a high solids content
and may contain paper, cloth, and fibrous materials such aé
occur in sewage, and also slurries that contained a high
percentage of solids in the inner phase thereof, such as
pulverised coal in coal slurry.
The present invention may provide a2 bladeless pump
cavable of efficiently handlinz hot geothermal multiphase
fluids that contain water, dissolved solids in the water,

steam and gas vapors.
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DRIET DESCRIPTION Or THZ DRAWINGS

FIG. 1 is a perspective view of the bladeless
pump;

. - A 'V L d .-V 4 ‘

FIG. 2 is a side elevational view of the pumpi

shownAin‘EIG. 1 -

- .

FIG. 3 is a transverse cross=—sectional view
[ ] - LY

“of the pump shown in FIG. 2 taken on the line 3-3

.thereon, and illustrating a first form of the pump;;:‘

e . FIG. 4 is a combined vertical crbss-séct;onal“
:ana_side—elevationél view of the ﬁump shown. in
.f-. FI1G. 3, aq@ taken on the line 4-4 thereof;

FIG. 5 is a transverse cross—sectional- -view

of a second form of the bladeless pump; -
FIG. 6-is a transverse cross—sectiqnallﬁiew.~:'
" 0f a third form of the blédeless.pﬁmpj -
FIG. 7 is a transverse cross—sectional view
of a modification of the first form. of the Puﬁ?;.-ﬁf:"

i°

FIG. 8 is a transverse cross—sectiqnal'view

) tr
of a fourth form of the bladeless pump;

.
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" the pump housing;

-3 - 0002592 ,
F;G. 9 is a combined vertical cross-sectional - °

and side elevational view of the bladeless pump

shown in FIG. 8, taken on the line 9~9 thereof;

FIG. 10 is a fragmentary transverse cross—
sectional view of a modification of the fourth '

form of bladeless pump;

FIG. 11 is a side elevational view of the
bladeless pump shown in FIG. 8 with a modified
form of housing, with the fitéing and first
conduit being shown in sectidn to illustrate the
circular cavity in the fitting that is off-centered

relative to the first opening in the first side wall

to impact initial cirxcular motion to f£luid

"through the fitting from the first conduit prior

to the fluid entering the.-confined space within

-

FIG. 12 is a horizontal cross—sectional view
of a first modification of the pump structure shown:’
in FIG. 8 that employs the housing illustrated
in FIG. 11;

FIG. 13 is a horizontal cross—sectional view

of a first modification of the pump structure

‘shown in FIG. 3 that employs the housing structure

illustrated in FIGS. 1l and 125:'- .
.t . .o .,-\..4 . 'f‘
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FIG. 14 is a perspective view of the pump
shown in FIG. 1l but modified to have the first
counduit normal to the side walls thereof and
centered relative to the inlet opening in the first

side wallys i .

FIG. 15 is a horizontal cross—sectional view &f
a second mpdification of the pump structure shown in

FIG. 8;'

FIG. 16 is a verspective wview cof a second

modification of the punp shown in FIG. 3; and

FIG. 17 is a 1ong1tudlnal cross-sectional v;ew
of the pump shown in FIG. 16 taken on the llne 17—17

thereof.

' DESCRIPTION OF THE PREFERRED EMBODIMENTS

Each of the various-forms of the invention and the

.modifications thereof speéifically identified in the above

descrlptlon of the drawi ngs, include the pump housing assembly B

and D shown in FIGS. 1 and 11l. Pump housing assembly B includes

first and second, laterally spaced side pieces 10 and 12 ‘that

are illustrated in the drawings as having lower horizontal edges

"10a and 12a that are adapted to rest on'or'bé secured to a

suitable supporting surface (not shown).

The first and second side pleces 10 and 12 have a
circular end piece 14 extending therebetween, whxch end piece is
secured to the side pieces by screws 15 or other suitable fasten-

ing means. Side pleces 10 ‘and 12 and end piece 14 cooperate to

‘define a vertically extendlng, circular confined space c of

substantla; w1dth.
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The first side piece 10 has a first opening 16

therein that is centered relative to the circular end piece
14. A fitting 18 is in fixed sealing relationship with the
exterior surface of the first side piece 10, The fitting 18
has an off centered first passage 20 defined in the interior ;
ihereof tﬁat.is in oommunication withlthe first opening 10;
as well as the interior of a first upwardly and outwardly
extending conduit 22. The passage 20 is of such curved
confiéurat;on that initial rotary motion is imparted to the
fluid'flowing therethrough prior to the fluid entering the

- confined spécé C. The first conduit 22 extends to a first

‘location (not shown) at which the fluid to be pumped is stored

o6r is available to be pumped.

: A second opening 24 is formed in thevsecond end
'piece 12 and is preferably coaxially aligned with the first
opening 16. The second opening 24 has a bearing 28 operatively
associated therew%ﬁh, and the;beariog supporting a shaft 30
toat extends into the confined space’C and is normally
.disposed to the second end piece 12, A soal 28 is mounted

‘on the exterior portlon of the end piece 12 and is in-
rotatable sealing engagement with the shaft 30.

| The shaft 36 has an interiorly position shouldered’

end portlon 32. The end portion 32 o; the shaft 30 nost

e
..

-
v

‘“
. "‘

'remote from the second end piece 12 1s lllustrated as. belng ji:
'drlven by a p*lme mover 34,’éoch as an electric motor or the
llke. A flat disc 36 is disposed within ‘the confines of the
confined space C, thh_the disc having a centered opening

therein through which-the,shouldered end portion.32 of the .

. s . ? v .
. . b “ . . " . . [ . ‘e



shaft 30 extends. An apertured plate 58 ig mounted on thae
f;rst end portion 32 of the shaft 30, and is urged into
pressure abutting contact with the central portion of the
disc by a nut 40 that engages the first end 32. When the
"nut 40 is tlgﬁ ened the disc 36 is, fr*ctlonally grlpped
between the shouldered end portion 32 and plate 38.and
.cannot rotate relatlve to the shaft. . N

A nunber of c1rcuﬂferent1ally spaced plns 42 are
1lluotratcd in PIG. 3 as pEE?ectlng from the dlsc 36, with
Lhe.plns haV1ng'externally threaded free end portlons
-adjacent the first side piecd 10 that areAengaged bf nuts
44, A number of ring-shaped discs 46 are provided and
'dispeeed within the confined space € as shown in FIG; 3;.
'Qith the ring-shaped discs having.e nunbey of'circumfereneially
spaced oéenings the%ein ihat engaée'tﬂe‘pins 42, Spacerelsoﬂ
e;e meented on'fhe pins 42 and situated between the ring-
. shaped diees 46, with the discs defining.ring—shaped spaces
,52 therebetween. The ring-shaped disce 46 have inner
peripheries 54 that are axially aligned and'cooperate to
:.define a transverse second passaée 56 as shown in,FIG. 3,
| whicﬁ Secend passage is in cemmunication with the ring-shaped
‘spaces 52 defined between the ring-shaped dlSCS 46
. When the dlsc 36 and 1':::‘1g--s“1aped dlSCS 46 are
'rotated concurrently by the prlme nover: 32 derlng the
shaft‘BO, fluid that has entered the confined space C tends
to:roﬁate'therein as a cifcular mass. In FIG..4 it will be
. seen tha; tﬁis circular nmass of fluid rotates in. a cqunter-

clockwise directioﬁ}éﬂdlee the fluid’so rotates it discharges
. '. ” .(.. .

4



-7 -
through a tangentially disposed discﬁarge outlet 58 in the
upper portion of the housingiB to subsequently flow through
.a'diverging ﬁubular-membcr 60 to a second conduit 62 which
_conduit leads to a second location (not shown) at which it
is desired to pump the fluid. The tubular member 60 is
illustrated in FIG. 1 as formed from extensions of the side
walls 10 and 12 and end wall 14. Fluid in £lowing through
_tubular member 60 decreases in velocity with an accompanying
increase in the static pressure head thereon.

ﬁhen prime mover 32 is rotatingithe ﬁisc 36 and
the ring-shaped discs 46 concurrently as a unit, boundary
layers of the fluid will adhere to the disc 36 and ring-
vshape& discs 46 adjacent the ring-shaped spaces 52. Such
boundary layers adhere to the disc 36 and ring-shaped discs
46 and occupy substantially fixed pésitions thereon. These ’
- boundary layers are sheared from the balance of the fluid

Tinﬁthe confined space C as the disc "36 and ring-shaped disés.

' -
46 rotate, and this shearing imparting sufficient rotary

force to the circular body of fluid in the~confined space

to cause thé'circular body of fluid to rotate in a counter=-
clockwise direction. As the fluid so rotates in the counter=-
clockwise direction a'portion thereon flows through the |

. discharge outlet 58 and ﬁltimately through thé member 60

and second conduit:62 to the second location.(not shown) .

'As fluid leaves the housing B as above-described, gdditionalfA
fluid flows into the confined space C from the first

passageAZO. The fluid in entering the seqond.passage 56;has

- a low rotational velocity. As fluid is discharged from the
. . " . . . "-'
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outlet SB,Vthis'fluid that has entered the second passage 56
tends to flow outwardly through the spaces 52. The spaces Si
are cach in width substantially greater than twice the
_thickness of the boundary layer of fluid on the xing-
shaped discs.46 that define the.ning—shaped spaces 52 to
provide maximum shearing force on the outwardly ﬁoving fiuid}
The outwardly moviné'fluid is subjected concurrently to two
Affofces, the first being a radially.difected force, and the
second a centrifugal force, with the centrifugal force
-increasing.as tne fluid moves outwardly from the second .
recess 56. As a result of these two forces, fluid'after
entering the second recess 56 and discharging therefrom}
pursues a Spl“al path prlor to dlscharglng from the dlscharge

ioutlet 58.

.

The 1nterlor'surfaces of the first and second side
- pieces 10 and 12, as well as\the end plece 14 also have
_.boundary layers of fluld that tend to adhere, thereto, and

-as the 01rcular ‘body of f£luid rotate- in the conflned space C,:
the shearlng of these boundary layers f*om the rotatzng body
of fluid tends to restrain the rocatlon of the body of flu*d',
in the confined space. Thus, the rate at which the £lat dlsc.
'36 and.ring—shaped discs 46 are rotated concurrently must‘ﬁe.
at.such a rate that the drag foxce imposed on fluid moving
outwardly through the rlng—shapea soaces 52 is suff1c1ent to

" impart rotary motlon to the bocy o flu1d in che c1rcular
confined space and ovcrcome the tencency of the bouncary

layers on the interior surfaces of the flrst and .second s;de

pieces 10 and 12 and end plece 14 to res;st such rotasy motion.
. "

¢
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Iin the forms of the invention shown in FIGS. 12, 13 and 15,. .

this resisting tendency is minimized by the side surfaces
that defince the confincd space C being free to rotate with

the circular body of fluid. Under such circumstances there.

'is a minimum differential between the rate of rotation of i

the circular body of fluid and the side surfaces that

partially define this body of fluid.\

’ The first form A-1 of the invention above-descr ibed

.

is capable of being used to pump either single phase or

multiphase fluid from a first location to a second location.

When a multiphase f£luid is being pumped in which the f£irs

. phase is-'a ligquid or gas, and the second phase a number of.

spaced solid objects, the spaces 52 must be of sufficienh
; w1dtn as to allow. the objects of largest cross section to

move therethrough Wlub the gaseous oxr liquid phase with

.

which they are associated.

: Frcm an experience it has'been founé éhat the

" boundary layers of a fluid, either gaseous or a liquid, arxe
not penetfatcd by solid objects entrained therewith, and as
~a result when a multiphase fluid is being pumped that contains
solid objects, these objects will not contact the inner

. surface of the housing essembly B oxr the surfaces of the

disc 36 or rlng—shaped discs 46. Thus, the. solid objeces

__\‘“l . [y P

. 1
have ﬁlnlmum abba51ve action  on the surfaces of the Dum ol

,’\

during the passage tnerethrough. The ‘pump A is also free

of cavitation, for bubbles entrained with the £luid are
not physically contacted by any lifting surfaces and pass

betwecen the discs. They enter the pump as bubbles and ¢
. «
discharge from the pump as bubbles, although smaller as a

[ ]
result of the increased pressure at the discharge.

2. - . e . R
. ¢ . PR N

* . . ¥ -- . - - * -
- 4 ] .
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' on the drawing by the notation 36a and 46a. Due to the

" above-mentioned construction in the second form A-2 of the

0002592
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Thc second form of the lnveﬂtlon A-2 shown in

: FIG..S is similar to the first form, otheir than that the

disc 36 and the ring-shaped discs 46 have outer peripherxal

portions that taper towards one another and are identified

pump,‘the'fluid will tend to remain in the spaces 52 a

greater length of time, and will bé'eubjected to rotary

shear for a greater. length of time, to be delivered to the

 discharge outlet 58 at a higher pressure than would normally-

be achieved when the first form A-1 of the pump is used.

- In FIG. 5 it will be seen that the second form A-2 of
. pump also has the outer peripheral portions of the first
.-and second side piecés 1l0a and 12a tapering inwardly

towards one another.

The third'forn A-3 of the'pump is shown in FIG. 6

-jdlffers from the first form a-1 only in that the rlng-shaped

dlscs 46 are not of unlform wall thickness, but taper -

':outwardly from the inner perlphery 54 thereof and are of
'»maklmum thlckness at the outer periphery of the dlscs. The

. rlng—shaped discs 46 of the above-descrlbed structure result

.

'1n ring-shaped spaces 52 being defined- therebetween when

spacers 50 are mounted on the pins 42, which rlng—snaped :

spaces are of maximum width adjacent 1nner°per1phery 4 and -

are of minimum width adjacent the outer perlphery of the

-

-

r1ng~shaped discs 46. By varying the wall thickness of the

N,
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ring-shaped discs 46 as shown in FIG. 6, the rotary
boundaxy layer drag on the fluld as 1t rotates aé a circuiar"
body within the confined space C, may be conveniéntly
~varied, to provide £luid at the discharge outlet 58 of a
desired pressure.,. | | .

In FIG. 7,a modification A'-l of the first forﬁ
of the invention iswéhown, with the modlfled form At-l
‘varying from the first form only in uhat the .innex perlpneriesv
54 of the ring-shaped discs 46 vary in diameter, and this . .
variance in diameter varying the area pf éhe surfaces of
_the ring-shaped discs 46 that may impose a rotary motion
" £o the circular body of the £luid in the conflned space C,
as the. rlng-shaped discs 46 and dlsc 36 rotate relatlve ’
.Lhereto. ‘

'The.fourth form A-4 of the invention as shown:in'i"
. FIG. 8 differs from the first form A-l in that the flat.
disc 36 and ring-shaped discs 46 are removed from the )
first form and replaced ﬁy a_single disc 64 that has a 'l?f
céntered hub 66 that has én opening therein that engages z
. the shouldered end 32 of the shaft 30 and.is'held thereon
bf-a nut 46.' The hub 66 is illustrated iﬁ FIG. 8 as having
-the major portion tﬁereof curve radially-in a gtream line
qogfiéuration. The disc 64 as may be seen in FIG. 8 extends
‘towards the interior surfacé of the second siae'piece 12. The

fourth form A-4 of the pump is pa*tlcularly adapteq for use in

transferring rmltlp’-zase fluid fnc:n a fu:st to a second IOCG\"CJ.C’Q, such as '

-~
L4

© A,
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\lvhcn the fii‘st phasa is a."l'iquid,. and the cecond ')haro. a
numbexr of ébjccts, such as potatoes, chcrry tomatoes, |
Truits, vegetables,' and marine animals including'fish,
shrimp, and the like. When the confined space € has becn
filiecd with a multiphase fluid from the first location
as previously described, the prime moﬁer.32 is actuated
_t§ cause rotation of' the disc 64; and this disc wbén‘
rotated in a counterclockwise direbtion as viewed in FiG. 9
imparﬁing circular motion to the circular body of fluid
.owithin'the'confined space C. The body 6f fluid.is
rotated due to the boﬁndafy.layér adhereing to the disc
A64~and hub 66‘being;sheafed thcrefrom-by rotation of the
dis c;:and this sheéring force imparting rbtary motion tb
the c1&cular boay OL multlphase fluld 1n the confined space

-*

C. As the circular body of fluld in the conLlﬂed space C

rotates clockw15e, the SOlld objects in the flrst _ .

liquid pnaae are subjected to increasing centrifugal £force

" as they move out wardlj relative to the hub in a generally

'spllal path to be ejectcd w1th the llquld first phase
sequontially through the dlscharge outlet 53 toflow through
'the conduit 62 to the.second ldcatign. Fsrreither single_..

-

- phase or multiphase fluid to discharge from the discharge

.outlet 58, the rate of rotation of the disc.Gé and hub 66-.- :’

nust beasufficient‘as to generate’'a rotary shearing force .
on the circular body of the fluld in the conxlned space c
as_to cause the same to rotate, and overcome the shearing

of the boundary 1dvers on. the interior sux faces 0& the first

and second side pleces 10 and 12 and end piece l4 that tend .

¢ *

e e e e ot e e i et e e e+
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-to resist such rotation.

A modification A'-4 of the fourth form of the
invention is shown in FIG.10, which includes a number of
circumferentially spaced pins 42 that project from the
. disc 64 towards the first end piece 10, with the pins
engaging pairs of ring-shaped disce 46. The ring-shaped: )
discs 46 in each pair‘are separated by a spacer 68 mounted’
on one of the pins 42, and the spacer.resulting in each’
pair of ring-shapeéd discs having a ring-shaped space 70
defined therebetween through which fluid may discharge
- outwardly towards the end piece 14 as the disc 64 and | '
'ring~shaped discs 46 rotate in unison. The pairs of ring-
shaped discs 46 are separated from the disc 64 and from;
.one ahother by spacers 72 mounted on the pins 42, and
"these spacers being of a soft resilient material such as
rubber or the like. As the fluid flows into the confined
* space C throughi.the first opening 16, the fluid whether
single phase or multiphase is subjeoted to rotary motion
by rotation of the disc 64 and the pairs of adjacently
oisposed ring-shaped discs 46. This rotary motion occurs
due to the shearin§ of the boundary layer on the disc 64,’
and on the rlng-shaped dlscs 46, from the balance of the

'IIHT . . ..,.._" (,:".'_.

c1rcu1ar body of fluld 1n the conflned space C, and
el U YL IR
th;s shearlng 1mpart1ng rotary motzon to the c1rcu1ar body

‘.*.

of flu1d to cause the same to be ejected from the dlscharge
, M) '

opening 58 as prev;ously descrlbed. The spac;ng between

the dlSC 64 and the palrs of rlng—shaped dlSCS 46 must be

v E

suff1c1ently great that the largest of the sollds entralned

[N SR S S l,-‘l.‘ul

with the fluid are able to pass radlally therethrough asX

'x T RTINS TR T S



' they dcscribe subsﬁaatially spiral ‘paths prior to being
cjected from fhe discharge opening:58, .The spaces 70
between the pairs of spacea riné—shaped discs 46" provide
additional surfaces on the.ring—~shaped discs 46 that have
‘boundary layers thereon that are sheared rom the ba¢ance-
of the c1rcular body of fluld, and increéase the c1rcular
.drag on the circular body of fluid as tbe disc 64 aqd.palrs
of ring—sﬁaned discs 46 rotate relaiive.thefeto. Due to
the increased areas that have boundary Taye s thereon tnat
rotate relative the circular body of fluld, the drag force -
'llmposed on the circulaxr body of fluld w1ll be suf;xcxently R

';great as to overcome the re51stance drag force imposed by

-boundary layers on the 1nterlor surfaces of the first.and
‘second side pieces and end plece 14. As a result fluld
entering the confined'space C‘may be cauSed.to rotate when

e the shaft 30 is rqtated at a relatively slow speeé. The

-spaeers 72'se£ve a dual function,'net only of maiatainiﬁg the.:.

.'palrs of rlng-shaped dlSCS 46 in ‘laterally spaced relatlonshlp

_with one another, but preventing damage to franglble objects
'entralned with a llquld or gas as the object and lqu’d are

;_caused to flow through the modified form A'-4 of the fourth
form of the invention to discharge to the second location |
through the second conault 62. L y

co . The pump D 111ustrated in FIGS 11 and 12 1s.a ’E'gg
4flrst nodlflcatlon of the bladeless pump illustrated in
FIG. 8 and has a houslng 69 that includes first and second

laterally spaced 51de walls 70 and 72 that have extensxons

70a and:72a that partla;ly define the dlve;glpg outlet A .‘;

[N

-

.a



10.

15

20

25

- extensions 76a that cooperate with the extensions 70a and

[ ]
.

72a to'deFine the diverging'outiet-structure 74.

U2s92
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structurae 74 as shown in FIG. 14. An end wall 76 is

disposed between the first and second side walls and

‘cooperates therewith to define a circular confined space

76 of substantial width. The end wall 76 has sbaced

The rlrst and second smde walls 70 and 72 on the i

3 adjacent faces thereof have c1rcular rlbs 70b and 72b that

. pro;ect towards one another\and are in abuttlng sealing

contact Wluh opp051tely disposed side surfaces of end ‘piece

'76. The end piece 76 as may be seen in FIG. 12 1s of

greater thickness ‘than the ‘depth of the xibs 70b and 72b and

cooperaees with the ribs to deflne flrst and second c1rcu1ar .

recesses 80 and 82 shown in FIG. 12,

Fifst_side wall 70 has a centered first opening 84

therein that serves as a fluid inlet. A fluid conducting

. fitting 86 is secured to the exterior surface of first side .
"wall 70 .as illuetrated in FIGS. 11 and 12. The fitting

‘defines a generally circular cavity 88 within the interior

thereof that is of substantially greater diameter than the
first centered opening 84 in first side wall 70, which first
opening serves as a fluid inlet. Cavity 88 and first opening

84 are in communication but off centered relative to one

another. Cavity 88 is also in communication with a longitudina

'.passage 90 in a first conduit 92 that extends to a first

“.location (not shown) where the fluid to be pumbed is situated.

The passage 90 is tangentlally dlsposed relative to cavxey 88,

Fluid entering the caV1ty 88 from passage 90 has 1n1t‘al .
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rotary motion lmparted thereto prior to dlscnarglng into

confined space 78 thrOugH the first openlng 84. . The first

side wall 70 has a ring—shaped boss 94 projecting inwaréiy

£rom the interior -surface thereof as shown in FIG.- 12,

which boss surrounds first opening 84. Boss 94 supports-a 'k

bearing 96 that_ip'turn rotatably supports a first circular T

plate 98 that has the circumferential edge portion -

'slidably and rotatably disposed in.first.cifcular recess 82.

‘Ribs 70b, 72b and end piece 76 have spaced transverse bores

(not shown) therein

through which bolts 100 extend that.hold’

" the housing together as an integral unit.

Second side wall 72 has a second opening 102

thereln that is preferably axlally allgned with flrst openlng

84. A power driven

shaft 104 extends into confined space 78

through 'second opening 102, and is rotatably supported by a

bearing and seal 106 that is preferably secured to the

'-exterior surface of

second side waii 2. The shaft 104 has

_an externally threaded shouldered end portlon 108 s;tuated C-

"'within confined space 78 that extends throug@ an openlng

" (not shown) in the hub portion 110 of a disc 112 tha% has a .

diameter less than that of the confined space 78. A nut

113 engages threaded end portion 108 and serves.to Eemcvably '

‘secure disc 112 thereto. The disc 112 preferalby-includes

a reinforcing structure 114 in engagement with sha £ 104,

A -second ¢ircular plate 114 is rotatably sugyorted

on shaft 104 and is
interior surface of

is of such diameter

disposed between disc 112 ‘and the
the second sxde wall 72.- Secoad plate 114

that: the peripheral edge portlon the;eof,
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is rotatably disposed in the second circular recess 82.
, When driven shaft 104 rotates,disc 112 rotates
concurrently therewith. Fluid that has initial rotation’
‘imparted thercto in fitting 86 flows into confined space
78 and due to rotational drag imparted thereto by disc 112
.rotates in the confipéd space 78 is subjeéted to a minimum
restraining force in.the houéing 69 as the first and second
bl&tes 38 and 114 are free to rotaté therewith. The £fluid
as it rotates ip confined space 78 sequentially flows
through the diverging discharge structure 74 to a seéond
conduit. 114 that leads'to a second location (not sﬁown) to
whicb it is desired t6 transfer the fluid. Shaft 104 is
maintained by conventional means (not shbwn) at a fixed
- position relative to housing 69. The disc 112 is.separated~
from second plate 114 .by a space 1l1l6. :
The pump E illustrated in FIG. 13 employs the
assembly of elements common to the éump D, but with the disc
112 being-replaéed by a rotor assembly 120. Elements of the
_pump E common to the pump D illustrated in FIG. 12 are'
identified by the ﬁumérals-previously used but with primes
being added thereto. |
The disc 112 of pump D is replaced by a flat first
disc 122 in pump E that forms a part of rotor assembly 120.
Disc 122 has a number of circumferentially spaced'pihs 124
projecting therefrom that extend towards first side wall 98'.
The pins 124 serve‘io support a number of second discs 126 '.

thereon which discs are of ring-shape and are held in spaced

relationship with one another in the same manner as descrjbed.
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in detail with the pump illustrated in FIG. 3. The inner
peripheries 128 of the second discs 126 define a second
transverse passage 130 that is in communication with ring-
shaped spaces 132 formed between the second discs 126.

The second pump E operates in the same manner as the pump
illustrated in FIG. 3, but requires less power to operaté
as the first and second plates 98' and 114' are freec to.
rotate with the rotating body of fluid in the confined épace
78'. Thus, as the body of fluid rotates in the confined
space 78' there is a minimum in the diffefential in the rate:
of rotation of the body of fluid éﬁd the side plates 98"

and 114°'. .

The pump F shown in FIG. 14 is of the same internal

structure as pump D illustrated in FIG. 11, and differs from

¢

pﬁmp D in that fitting 86 is eliminated, with first conduit

92 being disposed normal to the pump housing and in direct

- communication with first opening 84.

The pump G shown in FIG. 15 is of the same

general structure as the pump D, and differs from the ‘latter -

by having the second plate 114 omitted, and the disc 112" of

such diameter that the peripheral portion.thereof'is

. common to pump D are identified on the drawings by the same

numerals previously used but with;déuble'primes being added
ﬁhe;eto. Pump G operaﬁes in the same manner as pump D '
illustrated”in“?fc; 12. Pumps D and G are particularly
adapted for pumping multipha;e fluids in which the inner

phase has a high content of solids and may contain pieces of

.

.

* rotatably disposed in second recess 82". Elements in pump G
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paper, rags and other fibrous or stringy'materials. Such

. materials have no adverse effect on the operation of these -

pumpsS.

. The pumps D and G are useful in transferring
objects, either animate or inanimate from a first location
to a second location.. The objects are mixed with fluid at ;
a first location tozprovide a multiphase fluid in which the
outér phase is fluid and the ipner phase the objects. The
objects may have such diverse physical characteristics as
those common to vegetables, fruits and berries, as well as
to fish, shrimp, crustaceans and the like, as well as to
.granular materials such as powdered coal. The multiphase
;Aifluid;may aiso be either a ligquid or air slurry, raw or
partiglly treated sewage}and the like.

The puhp J illustrated iﬁ FIGS. 16 and 17 includes

‘a housing 200 that is defined by two laterally spaced side

»

pieces 202 and an arcuate end piece, 204 that extends there- .

between to define a circular confined space 206. The end

- " piece 206 has extensions'projecting therefrom that cooperate

' with extensions of the side pieces 204 to define a fluid

discharge 208 that is preferably of divergin§ configuration._‘

' The side piece 202 have transversely alignéd_fluid inlet
openings 210 thérein as may best be seen in fIG: 17.
Fluid may flow from a sourxce (not fhown) th:ough a
" conduit 212, which conduit develops adjacent the pump J
in;o a pair of conduit extensions 214 of lesser transverse
cross—section that.are in communication with the inlet
openings 210. The conduit gxtensibns 214 have lgterally i

spaced bosses 216 projecting outwardly therefrom, with the

C -t . . . :
» . - B
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bosses being axially aligned and centered relative to the
inlet opening 210. Each boss supports a bearing 218 and

a low #ressure seal 220, both of which may be of conventiocnal
present day design.

. The bearihgs 220 rotatab}y supportﬂa shaft 222. '
that is in sealing engagement with the seals 220, and the
shaft extending trantversely acrhss confined space 206.

Shaft 222 by a coupling 224 is connécted to the drive shaft :
256 of a prime mover .228, preferably an electric motor. -

Shaft 222 at the center of confined space 206 has

-a circular plate 230 of substantial.strength secured thereto.

A number of ‘elongate, circumferentially spaced rigid members'
232 e;tend outwardly equal distances from opposite sides of '
the plate, which ﬁembers may be bolts or the like. The
members 232 in cooperation with spacers 234 mounted thereon
serve to support two sets of ring-shaped discs 236 on _
oppdsite sides éf the plate 230. The ring-shaped discs 236

have axially aligned centered opening 238 therein.- The

,ringéshaped discs 236 in each set are separated by spaces.

240.

When pfime mover 228 is operating, the plate 230
and the two sets of ring-shaped discs 236 are rotated
concurrently. Fluid is drawn into the confined space 206
through inlet openings 210 at the same rate and exerts
oppositely directed forces on the plate 230, and as a
result the shaft 222 has no appreciable longitudinal thrust

exerted thexrcon. The fluid after enterlng conflned space 206_

15 discharged therefrom through fluid discharge 208 in the same

mannexr as in pump A-1l shown in FIG. 3.

The bladeless pumps have been described previously

in detal as to structure and the method of.using the same

L4

and need not be repeated.
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" which sald objects may pass;

VNI

Ui
NG
(A

WIAT IS CLAIMED IS:
"1. A method of concurrently pumping a plurality
of solid objects that may be of a frangible nature and a

fluid in which they are disposed from a first location to’

-

method comprising the steps of: : o
a. defining a vertically extending circular .
confined space between first and second later ally spaced

side surfaces that are connected by a circular end surface

of substantially greater width than the maximum dimension

iof each of said objects, said confined space situated

intermediate said first and second locations, said first side

surface having a cenfrally disposed inlet opening therein

- of sufficient trahsverée area as'to permit said objects to
.pass therethroucn, and said end surface hav;ng a dlscharge

.ooenlng 1n the poxrtion thereof of hlghest elevatlon through

(Y

b. provmdlng a.substantlally smooth rotatable

_circular surface in said confined space intermediate. said

first and second side surface and rotatable in a plane

substantially parsrlel'theretc; )
c. rotating said circular surface in said confined

space in a first dlrectlon at not less than a flrsc ‘ate,

E
.

d. allow1ng sald fluld w1th said objects entrained
therewith co sequentlally flow Lrom sald flrst location ¢ AOhgu
said inlet opening 1nto said- COﬁLlned space and be t;ans ormed
lnto a cirxcular rotatlng body of Sald £1luid by'the rocatlcn |

L
v
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of said circular surface, said circular surface having a
f%fst boundary layer of said £luid that adhares tharato
that is sheared from the balance of said circular body.
of said fluid as said c1rcu1ar surface rotates, said
‘'shearing 1mpart1ng said rotary motion to sald circular body a
of fluid and said objects in said confined space, and said '
first rate of suffic&ent magnitude as to impose a centrifugal
force oﬁ.said objects to the extent.that they sequentially
follow spiral paths outwardly through said rotating body of
fluid in said confined space and be sequentially ejected .
through said discharge oéening ﬁogether-with sgid.fluid
from.said confined space;.

| e. sequentially conducting fluid and said objects
ejected through ;aid discharge opening to said se;ond

location.

s

-2. The method as deflned 1n Clalm 1 in whlch said

B flrst 51de surface is free to rotate wlth sald body of £luid

1n sald conLlned space.

3. The method as defined in Claim 1 in which boih- n
said first and second side surfaces are free to rotate with'

~

~ said body of fluid in said confiﬁed space. =
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4 + A pump for use in transferring either a

single phasae oxr multiphase fluld from a first location -
to a second location which includes:’

* a. & housing assembly tﬁat includes first and

‘sccond vertically disposed, laterally spaééd first and

second side walls and'a continuous end wall that extends - 1

transversely therebetween-ZB cooperate therewith to define

.a circular confined space, a centrally disposed first

opening in said first side wall in communication with

said first location, a discharge opening in said end wall

. that is at a higher elevation than said first opening and

is in communication with said second location, and a second

209ening in said second side wall that is oppositely disposed

from said first opening, said housing assembly formed from
a rigid material resistant to action by said fluigd;
b. a rotatable drive shaft that has first and -

second ends;

c. bearing and seal means supported in a fixed

.

relationship with said second eﬁd wall and coaxially aligned

with said second opening therein, said bearing and seal means

rotatably supporting said drive shaft, with said first end of

the latter disposed within said confined space and adjacent

_the latter;

d.  a substantially smooth first éircular disc in
said confined gpace securedfto said.first end of said drive
shaft and intermediétely positioned between said‘first and
second side walls with said second end of drive shaft wheA.
rotated at greatér than a fiist rate cagsing | |

a circular body of said 'fluid in said confined space 7.
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- centrifugal force imposed thereon and be seguentially

? . .
location. -~ . R
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to rotate due to a rotarxy force exerted on said body of
fluid as a bounda¥xy layer of said fluid on the exterior

urface of said first circular disc is rotated relative to

CA

said.body of watcr to be sheared therefrom, and said fluid
entering said confined space through said first opening -.
having increasing rotary velocity'imparted thereto to .
sequentially move ouéwardly in a spirel path due to the

ejected from said discharge opening to flow to said second

5. A puﬁp as defined in Claim 18 in which said

‘Ffluid is a muitiphasefand includes a first phase that is

-

llquld and a second phase that is a plurallty of objects
of a noe—‘lowable nature dlsposed in said first phase, and
said flrst openlng,-dlscharge opening and the transverse

spac1ng between said disc and first side wall belng of

 sufficient magnltude to permit sald flrst and second phases

to flow through said c01f1ned space concurrently in sald

splral paths to be ejected thropgh said dlscnafge open;pg. _."

.
.
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6. A pump as dcflned in Claim 19 in which said
first side wall and end wall at the junction thereof define
a c1rcumfercntlally extendlng first recess that is in
communication with said confined space, and said pump in
.~addition including;

e; a first ring-shaped side plate rotatably
supported in said c&%fined space adjacent said first side
wall, and said first side plate having the outer peripheral
edge portion thereof rotatably supported in said recess, said
first side plate including a centered opening axially aligned
with said first opening in said first side wail, with said
éirst side plate free to rotate with said circular body of
‘water to minimize the frictional drag on said circular

body of fluid as said circular body rotates relative to said

‘housing,

7. A pump as defined in:Claim 20 which in
‘addition includes: .
£f. a plurality.of circumférentially spaced pins

that project from said first disc towards said first side

. plate; and

g. at lease one ring-shaped.second disc supported
on said pins in transverse spaced relationship with said

first disc and flrst side plate to lncrease the rotatlng

': . « 1
h

area that exerts a rotary force on sald fluld zn sald

‘confined space to cause the latter to rotate as said body

‘of fluid. - - . - | S
AGENTS FOR:THE APPLICANT:
MATTHEWS, HADDAN & CO,,
Chartered "Patent Agents,

33 Elmfield Road,
Bromley, Kent BR1l 1SU,
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