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ROTARY PUMP

Humphrey L. Nash Royalston, Mass., asmgnor of srx-
sevenths to Humphrey .L. Nash, Jr.,-Dhahran, Saudi
Arabia, and -one-seventh to Iolm Nash II, San Jose,
Calif., as trustees

Application July 20, 1954, Senal No. 444 427
14 Claims. (Cl. 103——123)

This invention relates as .indicated to .a rotapy. pump,
and more particularly-to a pump-in whlch the vanes, .abut-
ments, or valve. members recrprocate O oscxllate but -do

not travel with the rotor as is the case in a ‘conventional
rotary pump with guided vames. .. ...

A great variety of rotary pumps has been desrgned
in the past for various purposes,:and: Jarge numbers are
employed in air craft to deliver fuel to the:engines and
to operate the many, hydrauhcally cont:olled devices.

For such purposes, and- especxally for pumping fuel, there

has been a steadily increasing demand for a. pump which
will not cavitate and thus produce a pulsating. delivery,
and_which will be mechanically and hydrauhcally bal-
anced as is a -centrifugal pump but-is positive. in. its . dis-
pxaeement The pump needs to besrather.small and. hght
in weight, yet of large -capacity. - It-should; not.require
too high a head to obviate the- danger of vapor. lock -

It is, accordingly, an object of.my invention to;pro,vide
a high speed rotary pump which will avoid cavitation and
therefore will be non-pulsating 1n delivery..-. .

It is a further object to provide such pump whxch wxll
be of the continuous central flow type and will require
only a low head for satisfactory operation. .

Another object is to provnde such pump utilizing rela-
tive rotation of the pumping zone boundaries with rela-
tively little vane movement being involved, and without
such vanes rotating with the.rotor body. .

Still another object is to provide-a pump havmg posr—
tively acting vanes maintaining mechanical.and.hydraulic
pressure balance and affording -positive displacement. .

Other objects of the invention will appear as the de-
scription proceeds.

To the accomplishment of the foregomg and related
ends, said invention then comprises the. features herein-
.after fully described and particularly pointed out in-the
claims, the following description and the annexed. draw-
ing setting forth in. detail certain illustrative' embodi-
ments of the invention,. these being indicative, however,
.of but a few of the various ways in which the principle
.of the invention may be employed.

In said annexed drawing:

Fig. 1 is a longitudinal section through a rotary pump
-embeodying certain principles of my invention and show-
ing -the inner liner unsectioned; .

Fig. 2 is a transverse section taken on the line 2—2
on Fig. 1;

Fig. 3is a longltudmal section correspondmg to Fxg 1
but showing the inner liner in section and thereby dis-
closing the rotor;

Fig. 4 is a transverse section taken on the lme 4y
en Fig. 3;

Fig. 5is a lonoxtudmal sectlon taken on the lme 5-——5
on Fig. 3;

Fig. 6 is a transverse sectxon taken on the line 6—6
on Fig. 3; .

Fig. 7 is a perspechve v1ew of the rotor.
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. ‘Fig. 8 is the left-hand end view of the rotor as seen
in Fig. 7;
Fig. 9 is the nght hand view of such rotor as seen in

' Fxg.

Fxg 10 is a detail perspective view of one of the vanes
adapted to. be reciprocated by turning of such rotor;

Fig. 11 is. a longitudinal section taken through the
rotor on the line 11—11 on Fig. 8;
. Fxg 12 is a longitudinal section through the rotor
taken on the line 12—12 at right angles to Fig. 11;

.Fig. 13 is.a perspectxve view of one of the end gurde
m_embers adapted to receive the vanes of Fig. 10;

Fig. 14 is a longitudinal section through another form

.of rotary pump embodying the basic principles of my

invention;
. Fig. 15isa transverse section taken on the line 15—-15
on.Fig. 14;

 Fig. 16 is a longuudmal section corresponding to Flg

f14 but showing.the inner liner also sectioned to disclose

the.rotor and.associated parts;

Frg 17.is a transverse section taken on the line 17—17
on. Fxg 16 :

Fig. 18.is a. longxtudmal section taken on the line 18—18

-on Fig. 17 through. one set of ports;

. Fig. 19 is a longitudinal section taken on the line 19—19
on Rig.:17; .
... Fig. 20 is a transverse section taken on the line 20—20
on Fxg -19;

Fig. 2t s a transverse section taken on the line 21—21
on. Fig: 19;

.1 Fig.. 22.is a transverse section through the outlet port

taken on the line 2222 on Fig. 19;

. Fig. 23.is a transverse section taken on the line 23—23
on- Fig. 19

Fig. 24 is a perspectxve view of a.double vane or abut-

.ment member utilized in the Fig. 14 to Fig. 23 embodi-

ment; and .

.-Fig. 25 is an. end- view. of such vane member mdlcatmg
the relatiye - orientation or inclination of the respective
vane-end- pornons

. Referring now more partlcularly to Figs. 1-13 inclu-

'sxve the. embodiment of my invention there illustrated
.comprises an-outer cylindrical housing 1 having an inner

-peripheral. groove 2 therein communicating with outlet
3. -End plates 4 and 5 are secured to the respective ends
of .such cyhnder by means of screws and are provided
with axial openings journalling a rotor adapted to be

.driven-through:drive shaft 6. Tightly fitted within cylin-

drical housing: 1 is-an inner sleeve 7 having eight equally
spaced longitudinally extending slots 8 therein with aper-
tures 9.centrally located intermediate such slots to place
the interior- of sleeve 7 in communication with annular
groove 2 leading to outlet 3.
The rotor comprises an axial tubular hub portion 10
journalled .in end. plate 5§ and communicating with pump
inlet 11. . Integral therewith are two circular cam mem-
bers 12 and -13 fitting within sleeve 7 and-having flat
faces spaced -apart to define a central cavity 14 (Fig.-3)
in communication through openings 9 with annular groove
2 and. outlet port 3. The axially outer end faces of cams
12 and 13 are formed.with cam surfaces adapted. to
éng'a'ge and reciprocate double vanes .15 fitting in -slots
8 in sleeve 7 and lying in planes radially of the rotor.
End blocks 16 and 17 non-rotatably fixed in sleeve. 7
are formed with radial slots such as 18 (see Fig. 13) of
a depth to receive the abutments proper 19. and.20. of
the respective vanes 15. Rotation of the rotor conse-
quently serves to reciprocate such vane abutments axially
in-and out of slots 18 through engagement of such abut-
ments. with-the cam faces of cam members 12 and 13.
Such cam faces may be generated by a line (a radius



, 3 :
of definite length) revolving around the axis of rofa-
tion of the rotor and perpendicular thereto. Such radius
is caused to revolve for 45° in a primary position, then
_a further 45° while also moving parallel. to the axis of
rotation to a secondary position, then 45° in such sec-
ondary position and then 45° while moving back to its
primary position, this being again repeated until a revo-
lution is complete. As best shown in Figs. 3, 7, 8 and
9, the rotor cam members 12 and 13 are identical in
their cam faces except that they are indexed to bring
a high such as 21 opposite a low such as 22. Conse-
quently, the vanes 15 will always be reciprocated posi-
tively, the vane abutment engaging a high such as 21
being entirely withdrawn within a slot 18 with the other
vane abutment engaging a low such as 22 being substan-
tially entirely withdrawn from its slot 18 and in effec-
" tive pumping position.

Each rotor cam member is provided with four ports,
two diametrically opposite inlet ports such as 23 and
24 leading from the interior of tubular rotor hub 10 to
the axially outer cam faces where the latter are in proc-

-ess of dropping to the low areas 22 and two diametri-
cally opposite ports 25 and 26 piercing the cam members
to place central cavity 14 in communication with the
axially outer sides of the cam members where the low
regions 22 change to the high regions 21. 'The inlet
ports 23, 24 of cam member 12 are accordingly oppo-
site the outlet ports 27 and 28 of cam member 13 (Fig.
11) and the outlet ports 25 and 26 through cam mem-
ber 12 are opposite the inlet ports 29 and 30 of cam
‘member 13. The ports 23—24, 2526, 27—28, and
29—30 are, as shown in Figs. 4 and 7 to 9, circuferen-
tially coextensive with the respective cam surfaces. -

The faces of the vane abutments may be relieved to
avoid pressure thereon as at 31 (opposite faces of the
respective abutments 19 and 20 being thus relieved) and
the inner edges of such abutments 32 and 33 must be
beveled to afford line contact with the cam faces of the
cam members 12 and 13.

In this form of pump, the pumping zones can be any
number desired. Of course, all other factors being equal,
the capacity of the pump will depend upon the number
of pumping zones. The cam surfaces should be care-
fully machined to provide a close sliding fit with the
vanes, and the transition of the cam surfaces from the
highs to the lows should be smoothly contoured,

In operation, as the rotor turns, fluid is drawn in
through inlet port 11 to the interior of rotor hub 10
from which it flows radially outwardly through the ports
23, 24, 29, 30 to the respective pumping chambers con-
taining the vane abutments 19 and 20.

Assuming that the rotor is in a position with the edges
32 and 33 of vanes or abutments in engagement with the
cam faces along radial lines corresponding to the ends
of the inlet and outlet ports and of the inclined or sloped
portions of the cam faces (or, in other words, along
radial lines corresponding to the ends of the high and
low dwell portions of such cam faces), it is evident that,
upon rotation of the rotor, each intake cavity defined

by three successive vanes progressively increases in size
or volumetric capacity while in communication with the
entire extent of the associated intake port of the rotor
and thus cavitation is eliminated.

Similarly, each rotor discharge port is always in full,
unrestricted communication with the associated discharge
cavity defined by three successive vanes. In this way,
-the pump operates without pulsation and is mechani-
cally and hydraulically balanced.

In contradistinction, a conventional rotary pump with
guided vanes carried by the rotor and engaged with the
cam surface of a ported housing draws fluid through an
intake port which is progressively cut off by a vane
whereby the intake cavity is not completely filled with
fluid and discharges fluid through a discharge port which

bl
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20

25.
~or valve portions 42 and 43 projecting into the enlarged
- axial -recesses in the respective ends of the liner. As
-best -shown'in Fig. 25, the abutments 42 and 43 lie at
~‘angles to one another as further explained below.
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initially has highly restricted communication with the
discharge cavity as a vane passes the edge of the dis-
charge port. Such throttling of the intake and discharge
of fluid results in cavitation and in pulsating delivery
of fiuid by such conventional pump.

Referring now more especially to the Figs. 14-25 em-
bodiment of the invention, the pump there illustrated
comprises a cylindrical housing 34 generally similar to
housing 1 and having a removable end plate 35 through
which rotor drive shaft 36 passes.  An inner peripheral
groove 37 in housing 34 corresponds generally to groove
2 and communicates with the radial outlet 38. An inner
cylindrical sleeve or liner 39 is fitted non-rotatably
within housing 34 and is provided with eight sets of
radially disposed passages 40 extending from the inner
periphery of liner 39 and communicating with peripheral
groove or channel 37.

Each end of liner 39 is recessed to receive rotor cams
‘as described more in detail below. Eight cylindrical
vane members 41 having pumping abutments 42 and 43
at their respective ends are pivotally mounted in eight
cylindrical  openings 44 extending parallel to the axis

_of sleeve 39 intermediate the sets of passages 40. The

central body portions of the vanes 41 are fitted within
the thicker central portion of linér 39 with the abutment

:+The rotor comprises.an axial tubular portion 45 in

-‘communication with axial inlet port 46 and in driven
- connection at its ‘other end with drive shaft 36. Two

:annular shoulders 47 and 48 fixed to tubular portion 45
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~for-rotation therewith fit snugly within the inner periph-

ery of liner 39 for rotation relative thereto and define

~-a central annular chamber 49 therebetween in commu-
"nication -through passages 40 with peripheral groove 37

and outlet 38.

- ‘Also mounted on the tubular rotor portion 45 for
rotation therewith are two cam members 50 and 51 of
general oval contour, one such cam being indexed relative

-to the other. - The outer peripheries of such cams engage
-the flat faces of abutments 42 and 43 of the respective

vane ends positively to oscillate the same as the rotor
turns. Diametrically opposite inlet passages 52 and 53
extend radially through cam 50 immediately following
the diametrically opposite highs or lobe portions of the
cam, communicating with the interior of the tubular rotor
portion 45, and diametrically opposite inlet passages 54
and 55 similarly extend through cam 51,

Outlet passages 56 and 57 immediately preceding the
highs or lobes of cam 50 extend radially inwardly from
the ‘cuter periphery of such cam and then parallel
to the axis of the rotor through annular shoulder 47 to
central cavity 49. Similarly, outlet passages 58 and 59
extend radially inwardly from the outer periphery of cam
51 immediately preceding the highs or lobes of such cam,
and then parallel to the rotor through annular shoulder
48 to central cavity 49,

The operation of the pump may now be clearly under-
stood. Fluid enters main axial inlet 46, passing into the
interior of tubular rotor hub 45 and thence radially out-
wardly through passages 52, 53, 54, and 55 to the pump-
ing chambers immediately behind the highs of lobes of
the respective rotor cam members 50 and 51. As best
shown in Fig. 23, the fluid thus delivered is trapped be-
tween adjacent abutments of vanes 41 and then expelled
through exhaust ports 56, 57, 58, and 59 into central
annular chamber 49 from which it flows outwardly
through passages 40 to outer annular channel 37 and
thence to main outlet port 35. The outer ends of the
ports in cams 50 and 51 lie in valleys or recesses such
as 60 (Fig. 16) so that fluid may be delivered to and
expelled from the pump chambers smoothly and continu-
ously, such valleys extending to the beginning and end
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<§f *#ach "arcuate -contour of" ‘the -catn “1bes’ cotifsrming fo
‘the iinér arciiate borders Of thie récdssés fOHiEd “in ‘tHe
‘Féspective ends of lifier ‘39 and ‘Uéfining stich Pumpiife
‘chambérs.

As ‘a“cam lobe engages and posmVely ro?iks a Vane

other end of the same vade to be rocked 6 ontact the
16w (or following side) of a cirm lobe of the otfier- c‘m
proﬁle As the Totor contifiues to’ ‘tarn, a foi iy
‘of such ‘latter cam will ‘iow ‘engige afid posmvely
1ate ‘the ‘opposed vare zbufmient -and thereby rock- -the
abutmient at the other eiid ‘of the vane fo’ “Yohifori fo_
following contour of such lobe Of the first €aifl. Tn'6ther
words, the respective cims alternately asgifde {hé blirden
of positively oscillating dny individual vane,

“The Figs, 14<23 embodinent of the invention has some
practical advantages over the F1gs 1-13 énibodimeit in
that the former is rather easier to ‘machine to' the toler-
ances desired.
méving parallel to the axis of rotation and the
Tows, and transition zones may edch be any equal div 10n
of 360°. ‘As seen above, the vanes oscillate about axes
pardllel to the axis of rotation and their abutments or
t1ps aré held in contact with complementary zones of the
rotor cams.

‘Reférring again to thé pump structdres l]lustrated in
Figs. 113 and Figs. 14-25, a notdble feature thereof
which has been described herembefore, but whrch is
deétiiéd worthy of further emphiasis; is the constant: pulsa-
tionless displacement of these pumps during each incre-
ment of rotdtiolt of thé rotors therdin. “Tinds; Huid under
pressure will be delivered- by these plifiips without pulsa-
tion as long as the rotors therein are rotated at constant
angular velocity or constant R. P. M. .

In the pu'm'p illustrated in Figs. 1=12, the pulsanonless
dlsplacement is achieved by (1) makmg the alternate
dwell portlons 21 and 22 of the cam surfaces and the
alternate inclined dwell j ]ormno or vane actuatxng portrons
of eqial c1rcumferent1al extent, (2) provxdmg fluid intake
and discharge passages 23—24 and. 2728 of th,e‘same
circumferential extent as the mchned portlons of the cam
surfaces, and (3) spacing the cam—contactmg vanes _or
abutments 1920 circumferentially apart a distance
equal to the circumferential extents of such dwell and
inclined portions of the cam surfaces. In this way, as
the rotor is rotated in the pump housing 1, the displace-
ment of the cavities defined between the rotor, the hous-
ing 1, and the vanes 19 and 20 will be constant during
each increment of rotation of the rotor.

In other words, as the rotor rotates, fluid will be dis-
placed at constant rate from the cavities defined between
the first and third ones of three successive vanes 19 and
20, said first and third vanes being held against move-
ment by the dwell portions 21 and 22 of the cam sur-
faces, and only the second or middle vanes being actuated
by the inclined portions but at that time the rotor intake
and discharge passages 23-—-24 and 27—28 communicate
with the entire cavities between said first and third vanes.

Similarly, in the pump illustrated in Figs. 14-25, the
cylindrical dwell portions of the cam members 50 and 51
are of the same circumferential extent as the alternate,
relatively inclined portions therebetween and successive
vanes or abutments 41 are similarly spaced apart from
each other the same amount as the circumferential extent
of the dwell and inclined portions aforesaid; and, further-
more, the fluid intake and discharge passages 54—54 and
58—59 in the rotor are coextensive circumferentially
with said inclined or vane actuating portions of the cam
members 50 and 51. Thus, the volume of each pumping
or displacement cavity changes at a constant rate per
increment of rotation of the rotor whereby the pump
delivery will be pulsationless, if the angular velocity of
the rotor is constant.

Other modes of applying the principle of the invention
may be employed, change being made as regards the

Its cam’ profiles are developed by & line
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"deféifs “des¢ d,’ provrded the’ features stated in any of
‘the fdllowmg "¢laims, or the equivalént of ‘such, be em-
ployed

) I therefore partlcularly ‘point out and distinetly ¢laim

5 ‘asmy mventlon'
1. A rotary pump compnsmg a hollow housmg, a rotor
Journalled ‘thérein ‘and defining ‘a chamber therewith, a
sertes of crrcumferentlally spaced apart vanes movably
g iided, in_said housxng and with respect to which said
totor rotates in contact, said vanes subdividing such
chamber mto at least two cavmes, .sald rotor being
formed with ‘a confinupus vane contacting cam surface
which includes alternate dwell and inclined portions -of
substantrally equal angular extént ‘and effective during
rotition of said rotor to 1mmovab1y mdintdin the vanes
esswely contacted thereby in two different posrtxons
perrmt movement of said vanes progresswely from
one such ‘dwell posmon to the other and then vice versa,
the'r otor contactlng portlons of successive vanes bemo
‘$paced apart approximately the same angle as the angular
extent ‘of ‘edch of said dwell and inclined portions, said
rotor bemg formed with fluid intake and discharge pas-
sages In the respectlve inclined portlons and co-extensive
thérewith, such passages communtcatmg with the respec-
tlve cavities ‘and Spanning thé space between successive

vahes,

2. The rotary pump of claxm 1 wherein said vanes ex-
tend generally radrally of such chamber and are axially
movable therem, such cam surface bemg formed on an

15

§aid vaies.
3 The rotary pump of clalm 1 wherem sa1d rotor is

of vanes are actuated by such duphcate cam surface and
Wherern said series of vanes and said duphcate series of
vaneés are interconnected together for positive movement
responswe to rotatron of said rotor.

4. The rotary pump of, claim 1 wherein said rotor is
provrded w1th another cam surface engaged with said
series of vanes, sald cam surfaces belng eﬂectlve to posi-
twely mové satd vanes durmg rotation of said rotor.

5, “The rofary pump of clalrn 1 wherein said vanes have
fofor dam stirface contacting edges which are moved gen-
erally radially during rotation of said rotor.

6. The rotary pump of claim 1 wherein said vanes are
mounted in said housing for oscillation about an axis par-
allel to the axis of rotation of said rotor and have rotor
cam surface contacting edges which are moved generally
radially responsive to rotation of said rotor.

7. The rotary pump of claim 6 wherein said rotor has
a duplicate cam surface, wherein said vanes have duplicate
edges contacting such duplicate cam surface, such edges
and duplicate edges of said vanes being effective to cause
a positive oscillation thereof responsive to rotation of said
rotor.

8. A rotary pump comprising a hollow housing; a rotor
journalled therein; a series of substantially uniformly cir-
cumferentially spaced apart vanes movably mounted in
said housing and having rotor contacting edges; said hous-
ing, rotor, and vanes defining therebetween a plurality of
cavities which respectively increase and decrease in vol-
umetric size responsive to movement of said vanes; means.
for positively moving said vanes including a cam surface
on said rotor which, responsive to rotation of said rotor,
progressively moves the second one of three successive
vanes while the first and third ones are held against move-
ment and thus varies the volumetric size of the cavity
defined between said housing, said rotor, and said first and
third vanes; said rotor being formed with fluid intake and
discharge passages communicating with the respective cavi-
ties and spanning the space between said first and second
vanes.

9. A rotary pump comprising a hollow housing; a rotor
journalled therein; a series of substantially uniformly cir-
cumferentially spaced apart vanes movably mounted in
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- said housing and having rotor contacting edges; said hous-
ing, rotor, and vanes defining therebetween a plurality of
cavities which respectively. increase and decrease in vol-
umetric size responsive to movement of said vanes; said
rotor being formed with a vane contacting cam surface
which, responsive to rotation of said rotor, progressively
moves the second one of three successive vanes while the
first and third ones are held against movement and thus
varies the volumetric size of the cavity defined between
said housing, said rotor, and said first and third vanes;
said rotor being formed with fluid intake and discharge
passages communicating with the respective cavities and
spanning the space between said first and second vanes.

10. In a rotary pump, the combination of a hollow
housing, a rotor journalled therein and defining a cham-
ber therewith, a series of at least four equi-angularly
spaced apart rotor contacting vanes movably mounted
in said housing and subdividing such chamber into at
least two cavities, said vanes having rotor contacting edges
which are adapted to be moved responsive to rotation of
said rotation of said rotor, said rotor having a cam sur-
face which engages said vanes and which, during rotation
of said rotor, is effective to maintain the first and third of
three successive vanes in a position of rest and to move
the second one of said three successive vanes, said rotor
being formed with fluid intake and discharge passages
in communication with the respective cavities and span-
ning the space between said first and second vanes.

11. The rotary pump of claim 10 wherein said rotor
is formed with a duplicate vane contacting cam surface
- and wherein said vanes straddie such cam surfaces and

are positively reciprocated axially thereby.
: 12. The rotary pump of claim 10 wherein said rotor
is formed with a duplicate vane contacting cam surface,
wherein such cam surfaces are formed on the periphery
of said rotor and are circumferentially offset with respect
to each other, and wherein said vanes are oscillatorily
mounted in said housing and have generally radially mov-
able and circumferentially offset rotor contacting edges
respectively contacting such duplicate cam surfaces.

13. In a rotary pump, the combination. of a hollow
housing, a rotor journalled therein and defining a cham-
ber therewith, a series of at least four equi-angularly

10

15

20

25
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spaced apart rotor contacting vanes movably mounted in
said housing and sub-dividing such chamber into at least
two cavities, said vanes having rotor contacting edges
which engage said rotor in line contact and which are
adapted to be moved responsive to rotation of said rotor,
said rotor having a cam surface which is engaged by said
vanes and which is effective to so move the middle one
of three successive vanes while the first and third are
held in a rest position, said rotor being formed with fluid
intake and discharge passages which are coextensive with
the spaces between successive vanes and in register with
the portions of the cam surfaces effective to move such
rotor contacting edges of said vanes. :

14. A rotary pump comprising a hollow housing, a
rotor journalled therein and defining a chamber therewith,
a series of at least four equi-angularly spaced apart rotor
contacting vanes movably mounted in said housing and

_sub-dividing such chamber into at least two cavities which
_respectively continuously increase and decrease in size
during rotation of said rotor, said rotor being formed

with a cam surface which includes vane actuating por-
tions and dwell portions of angular extent equal to the

.angular spacing of successive vanes for actuating alternate
‘ones of said vanes in opposite directions and for main-

taining the vanes adjacent the actuated vanes in a rest,
cavity-closing position, said rotor being formed with fluid

-intake and discharge passages in constant communication

with the respective cavities and angularly co-extensive
with such vane actuating portions of said cam surface.
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