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ASTRACT OF THE DISCLCSURE 

The present invention relates to a pump and more par 
ticularly relates to a pump having flow control means 
associated therewith for providing a controlled output of 
fluid therefrom. The flow control means includes a valve 
for diverting from a hydraulic system a portion of the 
pump's fluid output and a nozzle for controlling operation 
of the valve. 

-seasonsumma-e- 

For certain applications, it is desirable to provide a 
pump which maintans a relatively constant fluid output 
regardless of pump speed. Such an application is in auto 
motive power steering pumps. In previously known hy 
draulic pumps, means for providing a relatively con 
stant flow of output fluid have been provided. In some 
instances a valve has been provided to bypass fluid from 
the discharge of the pump to the intake thereof in re 
sponse to pressure differentials created across the valve. 
Flow restricting orifices have sometimes been used to 
provide the aforementioned pressure differential but the 
use of these orifices has resulted in unrecoverable pres 
sure losses as fluid from the pump passes therethrough. 
Since pressure is dissipated in the from of heat in the fluid, 
such orifices have contributed to undesirable high temper 
atures of the pumped fluid in the hydraulic system sup 
plied by the pump. Moreover pressure losses caused by 
the use of such orifices have resulted in increased power 
requirements for the pump when it supplies fluid at a 
given pressure. It is important to reduce power steering 
system temperatures since high speed engines, increased 
traveling speeds and the added heat load of air condi 
tioning have led to increases in fluid temperatures in such 
systems. Minimizing the power required to operate the 
pump of the power steering system is also desirable for 
obvious reasons. 

Accordingly, an important object of the present in 
vention is the provision of a new and improved pump 
having a valve controlling the flow of discharge from the 
pump in response to a pressure differential across the 
valve and wherein the pressure differential is controlled 
by a flow restriction which is associated with the valve 
and pump mechanism so as to minimize increases in the 
temperature of the pumped fluid and to minimize power 
requirements for the pump. 
Another object of the present invention is the provision 

of a new and improved flow control means for a pump 
which includes a valve movable in response to differential 
pressures acting on portions thereof to provide a regulated 
flow of fluid from the pump and a converging-diverging 
nozzle having a throat section with a pressure tap com 
municating the low pressure of the fluid at the throat with 
a portion of the valve and wherein the pressure drop 
across the nozzle is minimized and less than the pressure 
drop between the pumping chamber and the throat so that 
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the power requirements for the pump in supplying fluid 
at a given pressure are minimized. 
A further object of the present invention is the provis 

ion of a new and improved flow control means for a 
pump, as set forth in the next preceding paragraph where 
in the pressure of the fluid is lowest at the nozzle throat 
section and the pressure of the fluid is increased as the 
fluid flows through the diverging section of the nozzle so 
that total pressure drop across the nozzle is minimized. 

Other objects and advantages of the present invention 
will become apparent from a consideration of the follow 
ing detailed description of a preferred embodiment there 
of as well as from the drawings in which: 

FIG. 1 is a schematic view of a fluid system embody 
ing the present invention; 
FIG. 2 is an elevational view of a portion of the fluid 

system of FIG. 1 with parts in section; and 
FIG. 3 is a sectional view of a portion of FIG. 2. 
The present invention provides an improved pump hav 

ing a flow controlling means associated therewith for pro 
viding a substantially constant flow of discharge fluid 
from the pump to a hydraulic system. A pump embody 
ing the present invention is particularly useful for pro 
viding motive fluid to a power steering actuating mech 
anism for use in automative vehicles and is described 
herein in reference to such a use. However, it should be ap 
parent that a flow controlling means of the type described 
herein is adapted for use in any fluid system having a 
variable source of fluid and requiring a substantially con 
stant supply of fluid to be delivered from the source. 
As representing the present invention, FIG. 1 illus 

trates a hydraulic system 10 embodying the present inven 
tion. The system 10 includes a pump 1 and flow control 
ling apparatus 12 for supplying a substantially constant 
flow of fuid to a hydraulically operated mechanism 13 
forming a part of a power steering mechanism. The 
mechanism 13 utilizes the energy of the pumped fluid to 
turn the wheels of the vehicle, not shown, and exhaust the 
fluid to a reservoir 14 from which the fluid is recirculated 
through the system. 
The pump 11 is preferably a rotary pump having a dis 

charge i5 and an inlet 6. The flow controlling apparatus 
12 is shown schematically as situated between the pump 
discharge 45 and the mechanism i3 and communicates 
with the pump inlet 16. The apparatus 12 is operative to 
provide a substantially constant flow of fluid to the mech 
anism 13 through a discharge passageway 18 by diverting 
quantities of the pumped fluid from the discharge 15 back 
to the pump inlet i6 through a port 17, see FIG. 2. The 
pump 11 is a rotary pump having a housing 21 which 
Supports a pump rotor 22 therein and which is driven 
by an input shaft 23 which is connected to the vehicle 
engine by suitable means such as a belt and pulley ar 
rangement, not shown. 
The flow control apparatus 12 includes a cylindrical 

valve chamber 24 having openings therein communicat 
ing with the discharge 5 of the pump and the pump in 
let 16. A cylindrical valve member 25 is snugly and slid 
ably received in the chamber 24 and is biased toward the 
discharge 15 by a coil spring 26. The chamber 24 is 
closed at an end 27 thereof opposite the discharge 15 by 
a threaded plug 30 which forms a seat for the spring 26. 
The plug 30 includes an arcuate portion adjacent a head 
thereof for receiving an O-ring 31 which is effective to 
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form a seal between the plug 30 and the wall of the chain 
ber 24. 
The chamber 24 communicates directly with the dis 

charge 15, and fluid flows into the chaniber 24 from the 
discharge i5. This fluid flows into a portion 32 of the 
chamber 24 and exerts pressure on an end of the valve 
member 25 before flowing from the chamber to a flow 
passage 33 through which it is conducted to the mecha 
nism 3. Fluid entering the chamber portion 32 from the 
discharge 15 is prevented from passing around the valve 
body 25 by lands 34, 35 formed on the valve member 
which are snugly engaged with the cylindrical Wall of the 
chamber. The lands 34, 35 of the valve member 25 are 
spaced apart to define an annular channel 36 in the periph 
ery of the valve body 25 which, in the pesition of the waive 
shown in FIG. 2, communicates with the inlet 7. The 
land portion 35 includes a plurality of annular grec ves 
extending therearound which are operative to decrease the 
amount of sliding friction between the valve body and the 
chamber 24, as well as to provide a tortuous path Seal 
along the periphery of valve member. The annular grooves 
extending around the land portion 35 additionally act to 
balance the fiuid pressure around the waive merinber al 
lowing it to float centrally in the chamber 24. 

In accordance with the present invention the flow con 
trol means 12 includes flow restricting means between the 
pump discharge and the system for providing a pressure 
differential across the valve mennber 24 and a minimum 
pressure loss in fluid flowing therethrough to the systeria. 
The flow restricting means includes a flow restrictor mem 
ber or nozzle 4i operable to decrease the pressure of 
fluid flowing thereinto and to increase the pressure of the 
fluid as it flows therefronn, The operation of the restrictor 
member 41 is effective to mininize temperature rises in 
the system fluid due to pressure losses and to reduce the 
power required by the pump 6 to supply fluid to the sys 
tem at a given pressure. 
As shown in the drawings, the pumped fluid flowing 

from the chamber portion 32 of the chamber 24 into the 
passage 33 flows through the flow restrictor member or 
nozzle 4 and to the mechanism 13 through the discharge 
passageway 8. The flow restrictor member 31 is an an 
nular generally cylindrical member having a head portion 
42 and a pair of spaced lands 43, 44 which are sealingly 
engaged with walls of the passageway 33. The land 43 is 
formed with a slight taper on its periphery with the Small 
end of the taper remote from the head portion 42 so that 
the restrictor nine:mber 41 may be forced into the passage 
33 and tightly seated therein by wedging engagement be 
tween the wall of the passageway and the laid 43. The 
restrictor member also has an annular groove 4 ia around 
the periphery thereof. When the restrictor member 4 is 
seated in the passage 33 an annular chamber is formed on 
the outer periphery of the restrictor Linember 4i, which 
chamber is defined by the groove 41a and the wall of the 
passage 33. 
A fiuid passage 50 extends axially through the restrictor 

member 41 and forms a converging-diverging nozzle hav 
ing a frusto-conical or converging inlet Section 5, a 
throat section 52, and a frusto-conical or diverging outlet 
section 53. Fluid flowing through the passage 50 is ac 
celerated as it flows through the converging section 5; to 
ward the throat 52. The velocity of the fluid is maximum 
and the pressure thereof is a minimum as the filiid passes 
through the throat section 52. As the discharge filaid flows 
through the diverging section 53 of the passage 59, the 
velocity thereof is gradually decreased and its pressure cor 
respondingly increased. 
The included angle of the converging section is prefer 

ably approximately 60 degrees as indicated in F3. 3 
and the included angle of the diverging section is pref 
erably approximately 14 degrees. In the preferred emboi 
ment the axial length of the converging Section 5i is ap 
proximately the same as the axial length of the throat Sec 
tion 52 while the diverging section 53 has an axial length 
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preferably approximately seven times longer than the 
throat section 52. This nozzle configuration is effective to 
reduce internal pressures in the pump by reducing pressure 
losses in the restriction. 
The throat section 52 at which the pressure of the fluid 

is at a minimum communicates with the end 27 of the 
chamber 24 by means of a passageway 33a connecting the 
end 27 of the valve chamber 24 with the groove 4 ia and 
by a port 55 formed in the member 41 and connecting the 
throat section 52 to the groove 41a. The port 55, the 
groove 4a and the passage 33a are operative to com 
municate the static pressure of the fluid in the throat 52 
of the restrictor member 4 with the end 27 of the valve 
chain ber 24. 
The valve member 25 is axially movable in the cham 

ber 24 in response to differential forces acting thereon. 
These differential forces are produced by the pressure of 
the fluid from the pump discharge acting on the valve 
member at the chamber portion 32 and the combined 
forces of the spring 26 and the pressure of the fluid at the 
throat 52 of the restrictor 4: exerted on the valve men 
ber at the end 27 of the chamber. When the valve member 
25 is in its position shown in FIG. 2, the pump is stopped, 
or rotating very slowly, and the force of the spring 26 
is effective to hold the valve member 25 in its far left 
position with an end thereof in abutment with a wall of the 
chamber 24. When the pump rotor 22 rotates faster, the 
pressure in the discharge chamber 15 increases and pro 
duces a force tending to move the valve to the right, as 
vicwed in the drawings, against the bias of the spring 26 
and the fluid pressure of the throat 52 of the restrictor 
member 4i. 
When the pressure differential and resulting force acting 

on the valve member 25 has increased to a value sufficient 
to overcome the force exerted by the spring 26, the valve 
member 25 moves to the right as viewed in the drawings. 
As the valve member moves to the right in response to the 
differential force acting thereon, the land 34 of the valve 
member 25 moves across the port 7 which is located be 
tween the chamber 24 and the inlet 16, causing a quantity 
of the discharge fluid in the chamber portion 32 to be by 
passed from the chamber portion 32 to the pump inlet i6. 
As the pump fluid is bypassed as described, the amount 

of fluid which will be directed through the restrictor 4. 
and on to the discharge passageway 18 will be reduced 
and as a result, the pressure difference between the cham 
ber 5 and the end 27 of the chamber 24 will also be 
reduced. Therefore, when the quantity of bypassed fluid is 
such that the pressure in the end 32 of the chamber 24 
is balanced by the spring force and the fluid pressure 
acting on the valve member 25 at the end 27 of the cham 
ber, the valve ceases to move in the chamber. Since the 
flow of the fluid in the discharge 15 is increased and 
decreased in response to rotational speed of the rotor 22, 
the valve moves longitudinally back and forth in the 
chamber 24 in response to such changes in speed, to by 
pass greater or lesser quantities of pumped fluid. This 
action of the valve member 25 is effective to maintain the 
flow of discharge fluid constant through the operating 
range of the pump. 
From the above, it should be apparent that the flow 

restrictor nozzle 41 reduces the pressure of the discharge 
fluid from the pump as the fluid passes through the throat 
portion of the restrictor to provide a pressure differential 
across the valve member 25. Further, due to the construc 
tion of the gently diverging nozzle section 53, the pressure 
of the fluid which has flowed through the throat portion 
is increased with the result that the pressure at the dis 
charge passageway 8 is only slightly reduced in relation 
ship to the fiuid pressure in the passageway 33. Flow 
restricting orifices which have been utilized in previously 
known pumps to provide a pressure differential across 
a control valve have no means for replenishing the pres 
sire losses thereacross. To provide a given pressure at the 
discharge passageway of such known pumps, increased 
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power must be supplied to the pump to provide a higher 
pressure at the discharge 15 of the pump. Due to the 
increased power requirement of the pump and the pressure 
losses across such orifices, undesirable increases in tem 
peratures of the system result. 

It can now be seen that an improved pump having a 
flow controlling valve movable in response to differential 
pressure forces acting on portions thereof has been pro 
vided, and in which a converging-diverging nozzle pro 
vides a pressure at one side of the valve, and the pump 
discharge fluid provides pressure at the other side of the 
valve. It should further be appreciated that in a pump 
embodying the present invention the flow restricting nozzle 
is effective to produce a minimum drop in fluid pressure 
between the pump discharge and the fluid system so that 
fluid pressure in the pumping chamber is minimized to 
reduce power requirements of the pump, while the nozzle 
is effective to provide a flow dependent pressure differ 
ential across a flow controlling valve of the pump. Such a 
pump when used in conjunction with a fluid system such 
as an automotive power steering system is extremely 
effective in maintaining generally low fluid temperatures 
in the system as a result of the low pressure losses and 
decreased power required by the pump. 
While a preferred embodiment of the present invention 

has been illustrated and described in considerable detail, 
the invention is not to be considered to be limited to the 
precise construction shown. It is my intention to cover 
hereby all adaptations, modifications and uses of the 
present invention which come within the scope of the 
appended claims. 

Having described my invention, I claim: 
1. A pump for supplying fluid to an external fluid 

system comprising, pumping means operable to provide a 
flow of fluid, a discharge passage communicating with 
said pumping means for directing fluid flow to the system, 
and flow control means operably associated with said dis 
charge passage of said pump for maintaining a substan 
tially constant flow of pumped fluid to said system, said 
fiow control means including a valve member movable in 
response to differentials in fluid pressure acting thereon to 
divert discharge fluid of the pump from the system, a flow 
restricting means for creating a differential pressure on 
said valve member, said flow restricting means including 
a fluid passageway conducting pumped fluid from said 
discharge passage to said system, said fluid passageway 
including a portion of reduced flow area providing a high 
fluid velocity for a given flow rate of fluid passing there 
through and a corresponding decrease in pressure of said 
fluid flowing therethrough, a frusto-conical portion diverg 
ing at an included angle of approximately 14 degrees from 
said reduced flow area portion in the direction of fluid 
flow and operable to reduce the velocity of fluid flowing 
therethrough and thereby increasing the pressure thereof 
to provide a minimum pressure drop across said flow 
restricting means, and a second frusto-conical portion 
converging toward said reduced flow area portion for 
increasing the velocity of fluid flowing therethrough, and 
pressure tap means communicating with said reduced area 
portion of said passageway and communicating the pres" 
sure of said fluid therein to said valve member. 

2. A pump as defined in claim 1 wherein said converg 
ing frusto-conical portion has included angle of approxi 
mately 60 degrees. 

3. A pump as defined in claim 1 wherein said diverging 
frusto-conical portion is of substantially greater longi 
tudinal dimension than said portion of reduced flow areas. 

4. In a flow control apparatus for providing a substan 
tially constant flow of fluid to a hydraulic System from 
a source having a variable fluid output, a valve member 
movable in response to pressure differentials acting thereon 
to divert said fluid output from said system in quantities 
to maintain said substantially constant flow and flow re 
striction means between said valve member and Said 
system, said flow restriction means including a nozzle 

10 

5 

20 

25 

40 

50 

5 5 

60 

65 

70 

6 
having a converging inlet section and a diverging outlet 
section connected by a reduced flow throat portion, 
pressure tap means communicating fluid pressure from 
said throat portion to a portion of said valve, said con 
verging section having an included angle of approximately 
60 degrees, said diverging section having a frusto-conical 
portion diverging away from said converging portion and 
having an included angle of approximately 14 degrees and 
being of substantially greater length than said converging 
section and operable to decrease the velocity of fluid flow 
ing therethrough to provide a minimum pressure drop 
across said restriction means. 

5. An apparatus of the type defined in claim 4 wherein 
said flow restricting means includes an annular channel 
communicating with said pressure tap and said valve. 

6. An apparatus of the type defined in claim 5 wherein 
said diverging section is approximately seven times the 
length of said throat section. 

7. A pump for providing a predetermined rate of flow 
of fluid to a hydraulic system, said pump comprising a 
housing, pump means in said housing and operable to 
provide a variable flow of fluid, said housing having a 
bore formed therein, valve means located in said bore 
for maintaining said predetermined flow rate by diverting 
from said hydraulic system a portion of said fluid output 
when said fiuid output exceeds said predetermined rate 
of flow, a nozzle through which fluid flows at said pre 
determined rate to said system said nozzle being mounted 
in said housing and having a converging inlet portion 
connected in fluid communication with said source of 
fluid through one passage formed in said housing, a 
diverging outlet portion of substantially greater length 
than said converging inlet portion and operable to decrease 
the velocity of fluid flowing therethrough to provide a 
minimum pressure drop across said nozzie, and a throat 
portion interconnecting said converging inlet portion and 
said diverging outlet portion to provide a source of vary 
ing pressure which varies as a function of variations in 
the output of fluid from said source of fluid, said valve 
means having one side connected in fluid communication 
with said source of fluid and another side connected in 
fiuid communication with said throat by another passage 
formed in said housing whereby said valve means is mov 
able in said bore to vary said diverting of fluid as a func 
tion of the variations in the output of fluid from said 
source of fluid to thereby maintain said predetermined 
rate of flow of fluid through said nozzle to said hydraulic 
system. 

8. A pump as set forth in claim 7 wherein said valve 
means includes a valve member slidably mounted in said 
bore, said bore having one end portion separated from 
another end portion by an intermediate portion connected 
to a by-pass passage formed in said housing and through 
which fluid is diverted from said hydraulic system, said 
one end portion of said bore being connected in fluid com 
munication with both said sources of fluid and said con 
verging inlet portion of said nozzle, said other end portion 
of said bore being connected in fluid communication with 
said throat portion of said nozzle by said other passage, 
said valve member being slidable in said bore between a 
first position blocking a flow of fluid from said source of 
fluid to said intermediate portion of said bore and a sec 
ond position enabling fluid to flow from said source of 
fluid to said intermediate portion of said bore to thereby 
divert fluid from said hydraulic system through said by 
pass passage, and spring means located in said bore and 
engaging said valve member and said housing to urge said 
valve member toward said first position, said valve member 
being moved from said first position to said second posi 
tion by fluid pressure on said one side of said valve member 
when said fluid output exceeds said predetermined rate of 
flow to maintain said predetermined rate of fluid flow 
through said nozzle to said hydraulic system, said valve 
member being moved from said second position to said 
first position by said spring means and fluid pressure con 
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ducted through said other passage from said throat portion 
of said nozzle and applied against said other side of said 
valve member when said fluid output is substantially the 
same as said predetermined rate of flow. 
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