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(S7) Abstract

A fluid pump includes a housing having a passage therethrough with an inlet and an outlet. An impeller is positioned within the
housing and includes an impeller axis, an inlet side and an outer side. The impeller is axially supported only at the outlet side, and is
configured to direct fluid at an acute angle relative to the impeller axis. A switched reluctance motor is secured to the housing for rotating
the impeller for pumping fluid from the inlet to the outlet.
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FLUID PUMP

Technical Field

The present invention relates to a fluid pump,
and more particularly to a non-axle-driven fluid pump
5 including an impeller which is axially supported only at

its outlet side and driven by a switched reluctance

motor.
Background Of The Invention
Typically, 1in engine cooling systems, a
10 coolant pump comprises‘a pulley keyed to a shaft carry-

ing a pump impeller which is driven by the engine via a
belt and pulley coupling. Such pumps require fluid
seals around the pump shaft which may present mainte-
nance problems. Also, pump bearings are required, which
15 often fail before other engine components. Failure of
such components 1s sgsometimes due to the side load on
bearings and seals from the belt and pulley drive, which
tends to allow pressurized coolant to leak out of the

system and cause bearing seizure.

20 These typical prior art pumps are also direct-
ly integrated with engine rpm via gears or pulleys, and
thus flow rate is not controllable. Also, these pumps

typically comprise low efficiency centrifugal impellers.
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They are also limited in where they can be mounted on
the engine due to the requirement of connection to the

engine drive.

U.S. Patent No. 5,079,488 describes one
attempt to overcome the shortcomings of prior art
coolant pumps. The '488 patent provides an electroni-
cally commutated pump for pumping fluid in a wvehicle
coolant system which eliminates the need for fluid seals
and eliminates non-symmetrical side loads. However, the
invention described in the '488 patent is costly and
inefficient in that it only provides flow rate in the
range of five gallons per minute at 3000 rpm, and does
not provide sufficient fluid pressure for engine coolant
applications. The large impeller axle assembly of the
'488 patent adds substantial cost to the product while
significantly reducing fluid flow capacity, as well as
pressure. Finally, the '488 patent uses magnets as part
of the drive system which are expensive and degrade with

heat and time.

Accordingly, it is desirable to provide an
improved fluid pump which overcomes the above-referenced
shortcomings of typical prior art mechanical pumps,
while also providing enhanced fluid flow rate and

control capability while reducing costs.
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Disclosure Of The Invention

The present invention provides a fluid pump
with an impeller which is axially supported only at the
outlet side to avoid interference with fluid flow,
thereby enhancing fluid flow performance. The impeller
1s rotatably driven by a switched reluctance motor
secured to the housing for improved performance and

controllability.

The design is self-lubricating and includes no
bearings and the driven mechanism is independent of
engine rpm, and therefore can directly control engine
temperature. Non-symmetrical side loads on the pump are
eliminated, and the pump is fully controllable by an
engine computer and can be mounted anywhere in a coolant
clircuit. The design also provides efficiency and
simplicity in a pump which requires as low as 50% less

energy than typical prior art pump designs.

More specifically, the present invention
provides a fluid pump including a housing having a
passage therethrough with an inlet and an outlet, with
an impeller positioned within the housing. The impeller
includes an inlet side and an outlet side and has an
impeller axis. The impeller is axially supported only
at the outlet side and is configured to direct fluid at
an acute angle relative to the impeller axis. A

switched reluctance motor is secured to the housing for
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rotating the impeller for pumping fluid from the inlet

to the outlet.

In a preferred embodiment, a diffuser is
integral with the housing. The diffuser is configured
to receive flowing fluid from the impeller and redirect
the flowing fluid toward the outlet. A bushing (or
bearing) 1is built into the diffuser for rotatably
supporting a shaft which is secured to the outlet side
of the impeller for supporting the impeller. A motor

(stator and rotor) may also be built into the diffuser.

Accordingly, an object of the present inven-
tion is to provide a fluid pump which is driven by a
switched reluctance motor for improved performance and
controllability, and to eliminate magnets which tend to

be expensive, heavy, and degrade quickly over time.

Another object of the invention is to provide
a fluid pump having an impeller which is axially sup-
ported only at its outlet side for improved flow perfor-

mance.

A further object of the invention 1is to
provide a fluid pump with an impeller which directs
fluid at an acute angle relative to the impeller axis,

and a diffuser which redirects the flowing fluid toward

a housing outlet.
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Yet another object of the invention is to
provide a fluid pump having a diffuser secured to the
pump housing wherein the diffuser has a bushing built

into the diffuser for axially supporting a rotatable

impeller.

The above objects and other objects, features,
and advantages of the present invention are readily
apparent from the following detailed description of the

best mode for carrying out the invention when taken in

connection with the accompanying drawings.

Brief Description Of The Drawings

FIGURE 1 shows a control schematic for a

vehicle engine cooling system in accordance with the

present i1invention;

FIGURE 2 shows a schematically arranged
longitudinal cross-sectional view of an electromagneti -

cally-actuated fluid pump in accordance with the present

invention:

FIGURE 3 shows a perspective view of an

impeller for use with the pump shown in Figure 2;

FIGURE 4 shows a tilted perspective view of

the impeller shown in Figure 3;
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FIGURE 5 shows a perspective view of a rotor

shell for use with the pump shown in Figure 2;

FIGURE 6 shows a reverse perspective view of

the rotor shell shown in Figure §5;

FIGURE 7 shows a side view of a fluid pump in
accordance with an alternative embodiment of the inven-

tion;

FIGURE 8 shows an exploded perspective view of

the fluid pump of Figure 7;

FIGURE 9 shows a longitudinal cross-sectional

view of the fluid pump of Figure 7;

FIGURE 10 shows a partially disassembled end
view of the fluid pump of Figure 7 illustrating the

impeller inlet tangential angle;

FIGURE 11 shows an opposing partially disas-
sembled end view of the fluid pump of Figure 7 illus-

trating the impeller outlet tangential angle;

FIGURE 12 shows an inlet end view of the
diffuser corresponding with the embodiment of Figure 7;

and
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FIGURE 13 shows a longitudinal cross-sectional
view of a fluid pump in accordance with a second alter-

native embodiment of the invention.

Detailed Description of the Preferred Embodiment

5 Figure 1 shows a control schematic for a
vehicle engine coolant system 10 in accordance with the
present invention. The system comprises a pump 12 which
pumps cooled fluid from a radiator 14 through an engine
16 for cooling the engine. Thermocouples 18 are provid-

10 ed for sensing the engine and coolant temperature, and
the sensed temperature information is provided to a
controller 20, which electrically communicates with the
pump 12 for controlling the flow rate and pressure
generated by the pump 12 for distributing coolant to

15 maintain desired engine temperatures. This controller
can also be used in conjunction with the fan or thermo-

stat to maintain a consistent and optimal engine temper-

ature.
Referring to Figure 2, a schematically-ar-
20 ranged longitudinal cross-sectional view of a pump 12 is
shown 1n accordance with the present invention. The

pump 12 includes a housing 22 having a continuous flow
passage 24 formed therethrough. The passage 24 includes
an inlet 26 and an outlet 28 adapted to be connected in

25 the coolant system 10.
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A non-axle-driven impeller 30 is disposed
within the passage 24, and is rotatable for moving fluid
from the inlet 26 to the outlet 28. The impeller 30
includes a plurality of vanes 32, as more clearly shown
in Figures 3 and 4. The vanes 32 comprise a specially-
designed, twisted and curved shape, as shown, which
enhances fluid flow capacity, as well as pressure. The
impeller 30 comprises an axle 34, from which the wvanes

32 extend, however, the impeller 30 is not axle-driven.

Returning to Figure 2, the impeller 30 is
secured to a floating rotatable rotor shell 36, which
encompasses the impeller. The rotor shell includes a
plurality of magnets 38 secured thereto. The floating
rotatable rotor shell 36 1is freely rotatable within a
bushing assembly 39, which comprises a first bushing
member 40, and a second bushing member 42, which is
formed integrally as part of a diffuser 44, described
below. The bushing assembly 39 preferably comprises
carbon fiber, ceramic, brass, or bronze components. Of

course, other materials could be used. No bearings are

provided.

In order to rotate the impeller and 30 and
rotor shell 36, a stator coil assembly 46 is provided.
The stator coil -assembly 46 preferably comprises a DC
brushless arrangement with 12 volt or 24 volt capacity.
A plurality of pole pieces 48 are disposed within the

coill assembly 46, such that the pole pieces 48 become
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magnetized and generate an electromagnetic field when
the coil 46 is energized. The electromagnetic field
generated by the coil 46 and pole pieces 48 acts upon
the magnets 38 and the rotor shell 36 for 1nducing
rotation of the rotor shell 36 and impeller 30. Accord-
ingly, in this configuration, the impeller rpm can be
directly controlled by the stator coils and system
controller 20, thereby enabling greater engine tempera-

ture control by decoupling the pump from the engine rpm.

As shown in Figures 5 and 6, the rotor shell
36 comprises first and second peripheral edges 50,52,
respectively. As more clearly shown in Figure 6, the
first peripheral edge 50 includes a plurality of fins 54
extending therefrom for directing fluid toward the first
bushing member 40 for 1lubricating the first bushing
member 40. The diverted fluid then flows along the
outer surface 56 of the rotor shell 36 for drawing heat
from the pole pieces 48 and coil 46 for cooling the coil
46. In this manner, the efficiency and longevity of the
entire pump assembly is enhanced by efficiently cooling
the coil assembly 46. Once the fluid has traveled the
full length of the outer surface 56 of the rotor shell
36, it then flows past the second bushing member 42 for
lubricating the second bushing member 42. In this
manner, the rotor shell fins 54 redirect a portion of
the fluid flow for lubricating the bushing assembly 39

and for dissipating heat from the coil 46.
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The pump 12 is further provided with a diffu-
ser 44 which includes a plurality of vanes 58 which help
to laminarize turbulent flow generated in the impeller
30. The diffuser 44 also enhances pressure build up in

the passage 24.

Accordingly, the seamless and bearingless
flow-through fluid pump described above uses an electro-
magnetic stator field to rotate a specially-designed
1impeller with permanent magnets attached. This impel-
ler, 1in conjunction with the diffuser 44, generates
coolant flow and pressure requirements applicable to the
diesel and gasoline engine industry. The design employs
the special bushing assembly 39 described above to
achieve long life in a harsh vehicle environment. This
design 1is very simple in order to keep manufacturing
costs down. The low number of moving parts enhances
pump life, while the motor drive allows for control-
lability and engine design flexibility. This pump can
also be used in other industries where the above fea-
tures are desirable, such as chemical processing, the

food industry, and other manufacturing applications.

Typical specifications for a pump as described
herein for use with a vehicle engine would comprise an
impeller with a two inch to four inch diameter. Pump
speed would range from 0 to 5000 rpms, with a DC voltage
of 12 volts or 24 volts. The pump would generate an

output pressure of 0 to 30 psi and 0 to 110 gallons per
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minute. This output flow capacity is substantially
greater than the axle-driven design described in U.S.
Patent No. 5,079,488, as discussed above. Horsepower

provided is 0 to 1.

Referring to Figures 7 - 9, a fluid pump 110
1s shown in accordance with an alternative embodiment of
the invention. As shown in Figure 7, the fluid pump 110
includes a housing 112 including an inlet housing 114
with a fluid inlet 116, and an outlet housing 118 with
a fluid outlet 120. Bolts 122 secure the inlet housing
114 to the outlet housing 118.

As shown in Figures 8 and 9, an impeller 124
18 rotatably positioned withiﬁ the housing 112 for
rotation about the impeller axis 126. The impeller 124
has an 1inlet side 128 and an outlet side 130. The
impeller 124 1s axially supported only at its outlet
side 130 by the shaft 132. A bolt 134 and thrust washer
136 gecure the shaft 132 to the bushing 138 for
rotatably supporting the shaft 132 within the retainer
139, which 1s secured within the diffuser 140 by bolts
142. By rotatably supporting the bushing 138 within the
diffuser 140, a substantial amount of space is saved in
the overall assembly. In this configuration, the
impeller 124 1is supported axially only at its outlet
side 130 by the shaft 132 and bushing 138.
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The bushing 138 is preferably a self-lubricat-

ing brass bushing with built-in lubricating channels.

Alternatively, the bushing could be carbon, graphite,

ceramic, plastic, etc. Also, the bushing could be

replaced by bearings of metal, plastic or ceramic.

A switched reluctance motor 146 is provided
within the housing 122 for rotating the impeller 124 for
pumping fluid from the inlet 116 to the outlet 120. The
switched reluctance motor 146 includes a stator 148
which 1is rigidly secured to the housing 122 radially
within the O-ring seal 150, and a rotor 152 which is
rigidly secured to the impeller 124 for rotation there-
with. The switched reluctance motor 146 is less expen-
sive, simpler, and uses no magnets, which are heavy,
costly, and tends to degrade quickly over time. The
Cerm "switched reluctance motor" is considered to
include the following terminology: Variable reluctance
motors, brushless reluctance motors, commutated reluc-
tance motors, and electronically commutated motors.
Switched reluctance motors operate on the principle of
minimizing the reluctance along the path of the applied
magnetic field. The switch reluctance motor is a doubly
salient, singly excited motor. 1In other words, it has
salient poles on both the rotor and the stator, but only
the stator carries the windings. The rotor, being built
from a stack of salient pole laminations, remains quite

simple and rugged without permanent magnets or landings.
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The basic design of a switched reluctance
motor includes stator poles which are wound in pairs
opposite each other. 1In this configuration, six stator
poles will yield a three-phase motor, for example, and
eight stator poles will yield a four-phase motor. The
number of stator poles normally exceeds the number of
rotor poles. A detailed description of switched reluc-

tance motor technology may be found, for example, in

"Electric Machinery and Transformers", Guru et al.,

pages 422 - 426, HARCOURT BRACE JOVANOVICH, INC., 1988.

Alternatively, the motor could be a magnetic
based DC brushless motor, and the magnet could be

ceramic, alnico, rare earth, etc.

The diffuser 140 is built into, or formed
integrally with, the outlet housing 118. As shown 1in
Figure 9, the impeller 124 and diffuser 140 are conical
in shapé such that the i1mpeller 124 directs fluid at an
acute angle relative to the i1mpeller axis 126, and the
diffuser 140 in conjunction with the conical wall 154 of
the outlet housing 118 redirects the flowing £fluid
toward the outlet 120. The 1mpeller 124 includes a
plurality of 1impeller blades 156 positioned between
opposing impeller walls 158, 160, which are formed at an
angle © of approximately 12.5° with respect to each
other. The outer wall 160 is positioned at an angle «
of approximately 54° with respect to a plane 162 perpen-

dicular to the impeller axis 126. The 1impeller 124
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preferably is a six vane turbine-type flow-through pump.
It 1s contemplated that three to nine vanes could be
used, and a centrifugal vane could alternatively be

employed.

The diffuser 140 preferably includes five
straight vanes. Alternataively, the wvanes could be
curved, and three to eight wvanes would typically be
used. The bushing 132 1s preferably built into the
diffuser 140, but could alternatively be built into the

housing 112.

The diffuser vane blades each comprise a
diffuser outlet tangential angle which is parallel to
the axis of rotation 126 so that fluid traveling through
the outlet 120 1is traveling substantially straight

without a helical swirl.

The conical wall 154 of the housing 118 1is
arranged at an angle [ of approximately 38.3° with
respect to the impeller axis 126 for redirecting fluid
flow received from the impeller 124 toward the outlet in
a direction parallel to the impeller axis 126. As fluid
travels through the diffuser 140, the cross-sectional
flow area between diffuser vanes increases so that

pressure of the fluid 1s increased.
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As shown in Figure 10, the impeller blades 156
are arranged to include an impeller inlet tangential A

of approximately 35°.

As shown in Figure 11, the impeller vanes 156
are configured to include an impeller outlet tangential

angle B of approximately 20°.

As shown in Figure 12, the diffuser vanes 166
are configured to include a diffuser inlet tangential

angle C of approximately 18°.

engine, the impeller 124 would have a diameter of two to
four inches, the pump speed would range from 0 to 7500
rpem, output pressure would range from 0 to 30 psi,
output flow would range from 0 to 120 gpm, and DC

voltage would be 12 or 24 volts.

Referring to Figure 13, a fluid pump 10 1is
shown in accordance with a second alternative embodiment
of the invention. The pump 210 includes an inlet
housing 212 connected to an outlet housing 214 having a
diffuser 216 formed integrally'within.the|0ut1et.housing
214. A diffuser 216 includes a stator 218 built into
the diffuser 216. The stator 218 rotatably drives a
rotor 222, which is connected to a rotatable shaft 224

The rotatable shaft 224 is connected to the outlet sgside
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226 of the impeller 228 for rotatably supporting and
driving the impeller 228. The shaft 224 is supported on
the bearing 230, which is supported by the plate 232.
Accordingly, energization of the stator 218 causes
5 rotation of the rotor 222 and shaft 224 for rotating the

impeller 228 for drawing fluid into the fluid inlet 234

in the inlet housing 212, through the diffuser 216, and
out the outlet housing exit 236.

This configuration may be better suited for
10 smaller engines. Also, another advantage of this design
1s that the inlet housing 212 and outlet housing 214 may

be injection molded plastic, which will reduce manufac-

turing costs.

While the best modes for carrying out the

15 invention have been described in detail, those familiar
with the art to which this invention relates will
recognize various alternative designs and embodiments

for practicing the invention within the scope of the

appended claims.
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What Is Claimed Is:
1. A fluid pump, comprising:

a housing having a passage therethrough with
an inlet and an outlet;

an 1mpeller positioned within the housing and
having an impeller axis, an inlet side and an outlet
side, said impeller being axially supported only at the
outlet side, and said impeller being configured to
direct fluid at an acute angle relative to said impeller
axis; and

a switched reluctance motor secured to the
housing for rotating the impeller for pumping fluid from

sald inlet to said outlet.

2. The fluid pump of claim 1, wherein said
switched reluctance motor comprises a rotor secured to

the i1mpeller, and a stator secured to the housing.

3. The fluid pump of claim 1, further
comprising a shaft secured to said outlet side and a

bushing rotatably supporting said shaft.

4 . The fluid pump of claim 3, further
comprising a diffuser secured to the housing and sup-
porting said bushing, wherein said diffuser is config-
ured to receive flowing fluid from said impeller and

redirect the flowing fluid toward said outlet.
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5. The fluid pump of claim 1, wherein said
housing 1s configured to receive fluid from said impel-
ler at said acute angle and to redirect said flowing

fluid in a direction parallel to said impeller axis.

6. The fluid pump of claim 5, wherein said
housing comprises a conical outlet surface arranged at

an angle of at least 30° with respect to said impeller

axls.

7. The fluid pump of claim 1, wherein said
impeller comprises first and second substantially
conical fluid-directing walls arranged at an angle of

approximately 10° to 15° with respect to each other.

8 . The fluid pump of claim 4, wherein said

diffuser 1s i1ntegral with said housing.

9. The fluid pump of claim 1, further
comprising a diffuser, and wherein said motor includes
a stator built into said diffuser and a rotor-driven

drive shaft connected to said outlet side.

10. A fluid pump, comprising:

a housling having a passage therethrough with
an inlet and an outlet,

an impeller positioned within the housing and
having an impeller axis, an inlet side and an outlet

side, said i1mpeller being axially supported only at the
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outlet side, and said impeller being configured to
direct fluid at an acute angle relative to said impeller
axis; and

a diffuser secured to the housing and config-
ured to receive flowing fluid from said impeller and to

redirect the flowing fluid toward said outlet.

11. The fluid pump of c¢laim 10, further
comprising a switched reluctance motor secured to the

housing for rotating the impeller.

12. The fluid pump of claim 11, wherein said
switched reluctance motor comprises a rotor secured to

the impeller, and a stator secured to the housing.

13. The fluid pump of claim 10, further

comprising a shaft secured to said outlet side and a

bushing rotatably supporting said shaft.

14. The fluid pump of claim 10, wherein said
housing is configured to receive fluid from said impel-
ler at said acute angle and to redirect said flowing

fluid in a direction parallel to said impeller axis.

15. The fluid pump of claim 14, wherein said
housing comprises.a conical surface arranged at an angle

of at least 30° with respect to said impeller axis.
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16. The fluid pump of claim 10, wherein said
impeller comprises first and second substantially
conical fluid-directing walls arranged at an angle of

approximately 10° to 15° with respect to each other.

17. The fluid pump of claim 10, wherein said

diffuser is integral with said housing.

18. The fluid pump of claim 10, further
comprising a stator built into the diffuser and a rotor-

driven drive shaft connected to said outlet side.

19. The fluid pump of claim 10, further
comprising a magnetic motor secured to the housing for

rotating the impeller.

20. A fluid pump, comprising:

a housing having a passage therethrough with
an inlet and an outlet;

an 1mpeller positioned within the housing and
having an impeller axis, an inlet side and an outlet
side, said impeller being axially supported only at the
outlet side, and said impeller being configured to
direct fluid at an acute angle relative to said impeller
axis;

a swiltched reluctance motor secured to the
housing for rotating the impeller for pumping fluid from

salid inlet to said outlet;:
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a diffuser secured to the housing and config-
ured to receive flowing fluid from said impeller and
redirect the flowing fluid towards said outlet:; and

a bushing built into the diffuser for rotatab-

5 ly supporting said impeller at said outlet side.
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