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This invention relates to pumps, and refers more par 
ticularly to variable volume pumps, wherein the volume 
of ?uid delivered by the pump varies automatically in 
accordance with the requirements of a ?uid pressure re 
sponsive system supplied by the pump. 

While the invention is applicable to variable volume 
pumps regardless of type, it is especially well adapted to 
rotary vane-type pumps wherein a rotor having vanes 
slidably projecting from its periphery rotates about a 
?xed axis within a ring that encircles the rotor and shifts 
towards and from concentrici-ty with the rotor as the 
volume of ?uid delivered by the pump varies. At maxi 
mum ?ow, the ring is farthest from concentricity and at 
no ?ow the ring is very nearly concentric with the rotor. 
It never reaches absolute concentricity since a slight 
amount of ?uid always escapes from the pressure zone 
of the pump despite the fact that ?uid does not enter the 
system through the outlet of the pump. This slight ?ow 
is called case drain, and in most vane-type pumps, as it 
is in the pump shown herein to illustrate one embodi 
ment of this invention, this case drain is used to lubricate 
the bearings of the pump. 
One of the problems encountered in variable volume 

pumps concerns the dissipation of the heat resulting from 
the operation of the pump. As long as the system sup 
plied by the pump requires the ?ow of ?uid, there is 
usually an adequate heat dissipating circulation through 
the pump, but when the pump is operating at or near no 
?ow conditions and practically all of the driving energy 
fed into the pump is converted into heat, the danger of 
overheating and consequent seizing of the pump is very 
real, particularly in pumps having a high rated capacity. 

In pumps which do not have a very high rated capac 
ity, radiation from the external surfaces of the pump 
body plus the relatively small ?ow of ?uid from the 
pressure zone as case drain is usually adequate to prevent 
dangerous overheating. Thus, for instance, rotary vane 
type pumps operating at 1800 rpm. and having a nomi 
nal output volume of six gallons per minute, exhibited 
no serious overheating even at extended periods of no 
?ow operation. 

However, it was found that when the rotor speed of 
these pumps was increased from 1800 to 3600 r.p.m. with 
a view toward stepping up the output of the pump from 
a nominal six gallons per minute to a nominal twelve 
gallons per minute, the overheating problem became ex 
tremely acute. Since the size of the pump, that is, its 
physical dimensions, was not increased in doubling its 
speed of operation, there was no more radiating surface 
available than before. The only hope of preventing over 
heating thus resided in increasing case drain. To increase 
case drain in a rotary vane pump more clearance is re 
quired between the end faces of the rotor and the port 
and wear or thrust plates between which the rotor is con 
?ned; but when this is done the resulting abnormally 
high case drain makes the pump very inef?cient. 
The dilemma which this discovery posed motivates the 

present invention. As will be recognized, therefore, it 
is the purpose and object of this invention to not only 
provide some means of effecting suf?cient circulation of 
?uid from the high pressure zone of a variable volume 
pump at times when the pump is operating under no ?ow 
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conditions, but to do this without sacri?cing any of the 
e?iciency of the pump. 

Stated in another way, it is the object of this invention 
to provide a variable volume pump wherein heat dissipat 
ing ?ow of ?uid from the pressure zone of the pump 
adequate to preclude overheating is maintained whenever 
the pump is operating at or near no flow conditions, 
but wherein the means for effecting such heat dissipating 
circulation is rendered inoperative whenever the volume 
of ?uid ?owing from the pump outlet is suf?cient to satis 
factorily dissipate the heat that is generated in the pump. 
With the above and other objects in view which will 

appear as the description proceeds, this invention resides 
in the novel construction, combination and arrangement of 
parts substantially as hereinafter described and more par 
ticularly de?ned by the appended claim, it being under 
stood that such changes in the precise embodiment of 
the hereindisclosed invention may be made as come with 
in the scope of the claim. 
The accompanying drawings illustrate one complete 

example of the physical embodiment of the invention, 
constructed according to the best mode so far devised for 
the practical application of the principles thereof, and in 
which: 
FIGURE 1 is an end View of a rotary vane-type vari 

able volume pump embodying this invention, parts of said 
view being broken away and in section; 
FIGURE 2 is a sectional view of the pump taken on a 

plane parallel with the rotor axis and designated by the 
line 2-2 in FIGURE 1; 
FIGURE 3 is a view from the end of the pump oppo 

site that shown in FIGURE 1, and also having parts 
broken away and in section; 
FIGURE 4 is a sectional view through FIGURE 1 on 

the plane of the line 4—4; 
FIGURE 5 is an exploded perspective view of the rotor 

and certain adjacent parts of the pump; 
FIGURES 6 and 7 are fragmentary detail views of 

a portion of the rotor, its encircling ring and the con?ning 
port and thrust plates, illustrating by comparison between 
these two views an essential feature of this invention; and 
FIGURES 8 and 9 are respectively detail sectional 

views through FIGURES 6 and 7 on the planes of the 
lines 8—8 and 9-9. 

Referring now particularly to the accompanying draw 
ings in which like numerals indicate like parts throughout 
the several views, the numeral 5 designates the body of 
the pump which comprises a main section 6 and acover 
7 bolted thereto. The inlet 8 and ‘the outlet 9 of the 
pump are in the main section 6 and open downwardly 
through the mounting base 10 of the pump. The body 
of the pump de?nes a hollow chamber 11 in which the 
rotor 12 of the pump is located, the rotor being ?xed to 
its shaft 13 which is journaled in bearings 14 and 15 lo 
cated respectively in the main section 6 and the cover 7. 
The end of the shaft which is journaled in the main section 
protrudes therefrom to provide for connection of the 
pump rotor with the shaft of a drive motor, not shown. 

The rotor 12 has a plurality of substantially radially 
disposed slots 16 extending in from its periphery and 
opening to the opposite ends of faces of the rotor which 
are ?at. Slidably received in these slots are vanes 17, 
the outer end portions of which project beyond the periph 
ery of the rotor to span the space between the rotor and 
the inside surface 18 of a pressure ring 19 which encircles 
the rotor. Thus the ring 19, the rotor, the vanes and end 
walls provided by a port disc or plate 20 and a thrust 
plate or disc 21 between which the assembled rotor, vanes 
and pressure ring are con?ned, coact to de?ne ?uid pump 
ing chambers 22 which travel in circular orbits as the 
rotor revolves. 
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A governor spring 23 which reacts between an adjust 
able spring seat 24 in the pump body and the adjacent 
side of the pressure ring 19, yieldingly urges the ring 
towards its position of maximum eccentricity which, in 
the pump illustrated, is de?ned by a ?xed abutment or 
pad 25 on the pump body. The force with which the 
spring 23 acts upon the pressure ring determines the 
pressure which the pump will develop and maintain. 

Because of the eccentricity between the pressure ring 
19 and the rotor, the pumping chambers 22 increase in 
size during one-half of their orbital rotation about the 
rotor axis and decrease in size during the other 180° of 
rotation. As the pumping chambers 22 increase in size 
or volume, they sweep past and communicate with arcuate 
inlet ports 26 and 27 located respectively in the port plate 
20 and in the thrust or wear plate 21, to receive ?uid 
therefrom; and, as they decrease in size, they sweep past 
and communicate with an arcuate discharge port 28 which 
communicates wit-h the pump outlet 9. 

In this manner ?uid is drawn into the pump through 
its inlet 8 which, in practice, is connected with the reser 
voir of the system, not shown, or any other suitable 
source of ?uid, and forced from the pump through its 
outlet which, of course, is connected with the system to 
be supplied. It follows, therefore, that both a suction 
zone to which the inlet leads and a pressure zone at all 
times communicated with the outlet of the pump, exists 
inside the pressure ring 19. 
As the ?ow requirements of the system decrease, the 

?uid pressure inside the pressure ring causes the ring to 
shift towards concentricity with the rotor in opposition to 
the governor spring 23, and, in so doing, correspondingly 
reduces the volume of ?uid delivered by the pump. This 
?uid pressure inside the pressure ring also applies a force 
on the ring tending to displace it from its desired path 
of translatory motion towards and from concentricity 
with the rotor, the direction of this force being upward, 
as viewed in FIGURE 1, so that the ring is held against 
an abutment 29 ?xed in the pump body. Since the surface 
on the abutment 29 against which the pressure ring bears 
is ?xed, the ring rolls thereon as it shifts back and forth 
in consequence of the varying ?ow demands of the sys 
tem. 
The rolling of the ring on the abutment 29 in conjunc 

tion with the other forces acting upon the pressure ring, 
causes the ring to creep around the rotor and thereby 
uniformly distribute the wear on the inner surface of the 
ring which results from the sliding or rubbing engage 
ment of the vanes therewith. This wear distributing 
feature, however, is no part of the present invention, being 
instead the subject matter of the copending application 
Serial No. 337,043, ?led January 10, 1964, by Charles H. 
Whitmore, Russell G. Winquist and Sheldon E. Thorson. 
As more fully described in that application, the inner 
ends of the slots 16 in the rotor are successively com 
municated with the suction and pressure zones of the 
pump so that ?uid pressure acts on the inner ends of 
the vanes to press them outwardly into ?rm engagement 
with the inside surface of the pressure ring. However, 
and in spite of the fact that the vanes are thus pressed 
against the inside surface of the pressure ring, some ?uid 
will ?ow past the vanes from one pumping chamber 22 
to the next. This is called slippage, and obviously it has 
an adverse effect upon the e?iciency of the pump. 
The ?ow of ?uid from the pressure zone through the 

running clearance which must be provided between the 
opposite end faces of the rotor and the port and thrust 
plates 20 and 21, and which leaves the pump as case 
drain, also adversely effects the ei?ciency of the pump, 
but this ?ow can be, and in the present pump is, used to 
lubricate the bearings. Thus, as ‘best seen in FIGURE 4, 
the ?uid which escapes from the pressure zone through 
the clearance between the port plate or disc 20‘ and the 
adjacent side of the rotor, ?ows through the bearing 14 
and then 1.6213835 1h? pump through ‘a case drain port 30, 
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4 
which, like the inlet and outlet, opens downwardly through 
the base 10 of the pump. By the same token, the ?uid 
which escapes from the pressure zone through the running 
clearance between the thrust plate or disc 21 and the 
adjacent side of the rotor, ?ows through the bearing 15 
and, from there, is conducted through passage means 31 
to the hollow interior of the pump body to be exhausted 
therefrom through a passage 32 which leads to the case 
drain port 30. 
The running clearance provided between the opposite 

faces of the rotor and the port and thrust plates between 
which the rotor is con?ned, and hence the amount of 
?uid which leaves the pressure zone of the pump as 
case drain, is governed ‘by the thickness of a shim or 
shims 33 interposed between the thrust or wear plate 21 
and the adjacent inner face of the cover 7. Obviously, 
the thinner the shim or shims, the greater will be the 
clearance and, consequently, the larger the case drain 
?ow-all other contributing factors being the same. 
Equally obvious is the fact that if the case drain ?ow 
is too large, the efficiency of the group suffers, since ?uid 
which is permitted to leave the pressure zone of the 
pump as case drain performs no useful work, other than 
the lubrication of the bearings. Accordingly, the shim 
thickness should be chosen to provide only the necessary 
running clearance. 
As explained hereinbefore, as long as the system re 

quires ?uid ?ow, the heat which is produced during op 
eration of the pump is adequately dissipated or carried 
off by the ?uid circulating through the pump. Case drain 
?ow, of course, also carries off some of the heat and, in 
addition, part ‘of it is radiated from the external surfaces 
of the pump, but as long as the system demands any 
appreciable ?ow it is the ?uid delivered to the system 
by the pump which carries off the heat. The problem 
arises when there is no such flow so that case drain and 
radiation must ‘be depended upon to prevent overheating. 

It is known that a rotary vane type pump operating at 
1800 rpm. and having a nominal rated capacity of six 
gallons per minute, has su?icient case drain and suf?cient 
radiation to preclude overheating, even during extended 
periods of no-?ow operation when practically all of the 
driving energy imparted to the pump is converted into 
heat. But when it was discovered that this same pump 
could be driven at twice the speed—namely, 3600 r.p.m., 
to achieve a nominal volume rating of twelve gallons 
per minute, provided that cavitation could be avoided, 
‘the normal case drain and radiation was unable to dissi 
pate enough heat to prevent serious overheating and very 
real danger of having the pump seize. 

Although it does not constitute any part of the present 
invention, it should be explained that cavitation—which 
was observed when the pump, in exactly the same con 
dition as it had been for 1800‘ rpm. operation, was simply 
driven at a higher speed—was overcome by simultane 
ously bringing the ?uid into the pumping chambers from 
both sides of the rotor. As shown in FIGURE 2, this 
is accomplished by a crossover passage 34 leading from 
the inlet 8 through the main section of the body and into 
the cover 7 which has a cored transfer passage 35, the 
mouth 36 of which is arcuate and registers with the 
arcuate inlet passage 27 in the wear plate 21. 
The solution of the overheating problem which this 

invention provides, consists in providing controlled com 
munication between the space inside the pressure ring 
and an exhaust passage which comprises the hollow in 
terior of the pump body, the passage 32 and the case 
drain port 30. This is accomplished by the simple 
expedient of providing a shallow notch or recess 37 in 
the inner face of the port plate or disc 20 and of the 
thrust or wear plate or disc 21. In effect, these notches 
or recesses may be considered ports or months through 
which the exhaust passage connects with the pressure 
zone of the pump. The notches or recesses are so lo 
cated and are of such size and shape that the adjacent 
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?at end faces of the pressure ring extend across them 
to close these “mouths” by closing off communication 
between the notches or recesses and the space inside the 
pressure ring when the ring is in any position it occupies 
during any appreciable flow of the pump; but not when 
the ring is in its position most nearly concentric with the 
rotor, which position it occupies when no ?uid flows from 
the pump to the system. The proper location for the 
notches or recesses 37 is thus :on the plane of translatory 
motion of the pressure ring as it shifts towards and from 
concentricity with the rotor. 
The length of the notches or recesses in the direction 

of pressure ring adjustment must be so related to the 
thickness of the ring wall, or-more accurately-the 
radial width of its flat end faces, that the inner end 38 
of the notches or recesses opens to the inside of the 
ring only when there is no ?ow or practically no flow from 
the pump outlet. The outer ends of the notches or re 
cesses are at all times open to the hollow interior of 
the pump body. This relationship between the size of 
the notches or recesses and the pressure ring is best illus 
trated in FIGURES 6 to 9, inclusive. 
The notches or recesses 37 and the adjacent flat 

end faces of the pressure ring thus coact to form valves 
governing communication between the pressure zone of 
the pump and the exhaust passage leading from the pump. 
When these “valves” are open, the “mouths” of the ex 
haust passage are open and ?uid ?ows from the pressure 
zone of the pump and out of the exhaust passage. The 
rate at which it flows is greater than normal case drain, 
as it should be; but obviously, even then, the ?ow must 
be restricted or limited. The dimension of the notches 
or recesses to provide the proper rate of how may be 
readily calculated. For purposes of illustration, a pump 
driven at 3600 rpm. and operating at no ?ow and 1000 
psi, must have a circulation of at least 1500 millil-ters 
per minute (.39 ig.p.m.) out of its pressure zone to pre 
vent seizing due to overheating, but only 300 to 400 milli 
liters per minute when the pump is delivering one or more 
gallons per minute. 

Preferably, the inner ends 38 of the notches or recesses 
‘are convexly curved, as shown, rather than square, to 
e?iect a progressively accelerated cessation of heat dissi 
pating ?ow from the pressure zone, rather than abrupt 
termination thereof, ‘as the pump begins to deliver ?uid to 
the system. 

Although there are two notches or grooves 37 in 
the embodiment of the invention shown and described, 
one at each face of the rotor, it is obvious that only one 
such notch or groove could be used provided it had the 
required ?ow capacity. 
From the foregoing description, taken in connection 

with the accompanying drawings, it will be readily ap 
parent to those skilled in this art that this invention pro 
vides a simple and practical solution to the overheating 
problem in variable volume pumps, since it provides for 
adequate heat dissipating ?ow or circulation of ?uid from 
the pressure zone of the pump when the pump is operat 
ing at or near no ?ow conditions, while maintaining pres 
sure, but terminates that ?ow as soon as appreciable 
?ow from the pump to the system supplied thereby begins. 
What is claimed as our invention is: 
vIn a variable volume pump of the rotary vane type 

having 
(1) a body with an inlet and outlet, and de?ning a 
rotor chamber communicating with the inlet and 
outlet and having opposite side walls, 
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(2) bearing means in the body, 
('3) a rotor journalled in said bearing means and con 
?ned in the chamber between the side walls thereof, 

the rotor having vanes slideably projecting from 
its periphery, and 

(4) a ring which encircles the rotor and is shiftable 
towards and from concentricity with the rotor and 
coacts with the vanes to provide pumping chambers 
by which ?uid is taken from ‘the inlet, pressurized 
and delivered to the outlet at a substantially constant 
pressure but in a volume which varies with the posi 
tion of the ring, the volume being maximum when the 
ring is farthest from concentricity and zero when 
the ring is concentric with the rotor, 

so that part of the space inside the ring is at all 
times communicated with the outlet and during 
operation of the pump constitutes a pressure 
zone, 

wherein some of the ?uid which inevitably 
leaks from said pressure zone ?ows to the 
bearing means to lubricate the same, and 

wherein the body also has a drain port at all 
times in communication with the bearing 
means and with the outer portion of the 
rotor chamber that encircles the ring, to re 
ceive and carry off ?uid which ?ows through 
the bearing means and ?uid which leaks out 
of the pressure zone into the outer portion 
of the rotor chamber, 

the improvement which prevents overheating of the pump 
due to conversion into heat of the energy expended to 
drive the rotor and maintain the pressure when the volume 
of ?uid delivered by the pump is zero or near zero, and 
which improvement comprises: 

means de?ning a ?uid passage of limited capacity to 
communicate the pressure zone inside the ring with 
the outer portion of the rotor chamber and hence 
with the drain port, 

said ?uid passage having open communication 
with the outer portion of the rotor chamber and 
having its mouth in one of the side walls of the 
rotor chamber in position to be covered and 
closed by the adjacent surface of the ring when 
ever the ring is in any position it occupies when 
the volume of ?uid delivered by the pump 
through its outlet is suf?cient to prevent over 
heating of the pump and to be uncovered and 
open when the ring is in the position it occupies 
when the volume of ?uid delivered by the pump 
is at or near zero. 
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