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(57) Abstract: An aspirator for creating vacuum is disclosed that includes a housing defining a fluid passageway with a first tapering
portion and a second tapering portion. Each tapering portion has a larger internal opening and a smaller internal opening, the smaller
openings facing one another. The aspirator includes a gate positioned between and in fluid communication with the first and second
tapering portions, the gate having a first Venturi tube with a Venturi opening creating vacuum when fluid flows in a direction and a
second Venturi tube with a Venturi opening that creates vacuum when fluid flows in the opposite direction. The Venturi openings
are in fluid communication with a suction port, and the first and second Venturi tubes may provide different mass flow rates through
the aspirator. An engine system having an aspirator with a gate having a first bore and a second bore and an actuator is also dis -
closed.
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FLOW CONTROL FOR ASPIRATORS PRODUCING
VACUUM USING THE VENTURI EFFECT

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.
61/914,061, filed on December 10, 2013, which is incorporated by reference herein in its

entirety.
TECHNICAL FIELD

[0002] This application relates to aspirators for producing vacuum using the Venturi
effect, more particularly to such aspirators connected to an engine to provide control of the

Venturi effect for different operating conditions of the engine.
BACKGROUND

[0003] Engines, for example vehicle engines, are being downsized and boosted, which
is reducing the available vacuum from the engine. This vacuum has many potential uses,

including use by the vehicle brake booster.

[0004] One solution to this vacuum shortfall is to install a vacuum pump. Vacuum
pumps, however, have a significant cost and weight penalty to the engine, their electric
power consumption can require additional alternator capacity, and their inefficiency can

hinder fuel economy improvement actions.

[0005] Another solution is using aspirators that generate vacuum by creating an engine
air flow path that is parallel to the throttle, referred to as an intake leak. This leak flow
passes through a Venturi that generates a suction vacuum. The problem with presently
available aspirators is that they are limited in the amount of vacuum mass flow rate they

can generate and by the amount of engine air they consume.

[0006] A separate vacuum source may be required to operate vehicle systems while the
engine is either under boost or operating with an inadequate amount of manifold vacuum.
A need exists for improved designs that include fewer parts and/or fewer components to

generate vacuum when supplied with boost and also when supplied with manifold vacuum.
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SUMMARY

[0007] In one aspect, aspirators for creating vacuum are disclosed, in particular
aspirators capable of providing flow control for the creation of vacuum under boost
conditions and also under manifold vacuum in an engine and providing control of the mass
flow rate through the aspirator. An aspirator can produce vacuum when supplied with
either boost or manifold vacuum. To accomplish creating a vacuum with either boost or
manifold vacuum, the application of the non-atmospheric pressure needs to switch from the
discharge to the motive end of the aspirator, or separate aspirators must be plumbed with
check valves to ensure proper operation, which is disclosed in Applicant's co-pending
Provisional Application No. 61/914,724, filed on December 11, 2013. In addition a

separate shut off valve would be required to prevent flow in some situations.

[0008] The present disclosure is directed to an aspirator that can provide flow control for
the creation of vacuum, including bi-directional flow control. The aspirators are
connectable to a device in a vehicle that requires a vacuum, and the aspirators create
vacuum for this device by the flow of air through a passageway extending generally the
length of each aspirator and designed to create the Venturi effect as fluid flows from a
motive port toward a discharge port of the aspirator and also to create the Venturi effect as
fluid flows from the discharge port toward the motive port of the aspirator as controlled by
an actuated gate assembly. The aspirators include a housing defining a fluid passageway
having a first tapering portion gradually tapering from a larger internal opening to a smaller
internal opening and a second tapering portion gradually tapering from a larger internal
opening to a smaller internal opening that are positioned to converge toward one another
with their smaller internal openings facing one another. The aspirators include a gate
positioned between and in fluid communication with the first tapering portion and the

second tapering portion to provide the flow control of the Venturi effect.

[0009] The gate includes a first Venturi tube having a Venturi opening in fluid
communication with a suction port and a second Venturi tube having a Venturi opening in
fluid communication with the suction port. The first Venturi tube creates a vacuum when
fluid flows therethrough and the second Venturi tube creates a vacuum when fluid flows
therethrough. Also, the gate may include a solid surface to block the flow of fluid between
the first and second tapering portions. The aspirator includes an actuator connected to the

gate to move the gate to place the first Venturi tube, the second Venturi tube, or the solid
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surface, as selected, into alignment with the smaller internal openings of the first and
second tapering portions. In one embodiment, the housing can further include a gate

housing portion that defines a gate passageway in which the gate is translatable.

[0010] In another aspect, the first Venturi tube creates a vacuum when fluid flows
through the flow passageway from the first tapering portion to the second tapering portion,
and the second Venturi tube creates a vacuum when fluid flows through the flow

passageway from the second tapering portion to the first tapering portion.

[0011] In another aspect, the first Venturi tube in the gate assembly, when selected,
creates a first mass flow rate through the aspirator, and the second Venturi opening, when
selected, creates a second mass flow rate through the aspirator. In one embodiment, the
second mass flow rate is different than the first mass flow rate. In another aspect, a
direction of flow through the first Venturi tube and a direction of flow through the second

Venturi tube are the same.

[0012] In another aspect, the gate can include a first gate member and a second gate
member with a biasing member disposed therebetween to bias the first gate member and
second gate member away from one another and into a sealed relationship with a gate
housing portion of the housing enclosing the gate. The biasing member can be an endless
clastic member or one or more springs. In another aspect, a biasing force of the endless
clastic member creates a sealing relationship between the endless elastic member and the

first gate member and between the endless elastic member and the second gate member.

[0013] In another aspect, the first Venturi tube includes a first gate upper bore having a
first gate upper internal opening and a second gate upper bore having a second gate upper
internal opening, and the second Venturi tube includes a first gate lower bore having a first
gate lower internal opening and a second gate lower bore having a second gate lower
internal opening. The second gate upper internal opening is larger than the first gate upper
internal opening such that the first Venturi tube creates vacuum when fluid flows from the
first gate upper bore, through a gap between the first gate and the second gate, and into the
second gate upper bore; and wherein the second gate lower internal opening is smaller than
the first gate lower internal opening such that the second Venturi tube creates vacuum
when the fluid flows from the second gate lower bore, through the gap between the first

gate and the second gate, and into the first gate lower bore.
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[0014] In another aspect, the aspirator can include a bypass port intersecting the second
tapering portion. In another aspect, the gate can include a suction vent therethrough that is
in fluid communication with the suction port, the Venturi opening in the first Venturi tube,

and the Venturi opening in the second Venturi tube.

[0015] In another aspect, an engine system is disclosed having an aspirator for creating
vacuum, the aspirator having a motive port coupled to an air source and a discharge port
coupled to an intake manifold of an engine. The aspirator can include a housing defining a
fluid passageway therethrough, the fluid passageway having a first tapering portion
gradually tapering from a larger internal opening to a smaller internal opening and a second
tapering portion gradually tapering from a larger internal opening to a smaller internal
opening, wherein the first tapering portion and the second tapering portion converge
toward one another with their smaller internal openings facing one another. The aspirator
includes a gate positioned between and in fluid communication with the first tapering
portion and the second tapering portion of the housing. The gate has a first Venturi tube
with a Venturi opening in fluid communication with a suction port and a second Venturi
tube with a Venturi opening in fluid communication with the suction port. The first
Venturi tube creates a vacuum when fluid flows therethrough, and the second Venturi
opening creates a vacuum when fluid flows therethrough. The aspirator includes an
actuator coupled to the gate and operable to move the gate to place the first Venturi tube,
second Venturi tube, or a solid surface, as selected, into alignment with the smaller internal

openings of the first and second tapering portions.
BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a side, longitudinal cross-sectional plan view of one embodiment of an

aspirator having a gate providing bi-directional control of the Venturi effect therein.

[0017] FIG. 2 is a side, longitudinal cross-sectional plan view of the gate portion of the

aspirator of FIG. 1 illustrating the gate in a first Venturi effect position.

[0018] FIG. 3 is a side, longitudinal cross-sectional plan view of the gate portion of the

aspirator of FIG. 1 illustrating the gate in a second Venturi effect position.

[0019] FIG. 4 is a side, longitudinal cross-sectional plan view of one embodiment of an

aspirator having a gate providing flow control of the Venturi effect therein.
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DETAILED DESCRIPTION

[0020] The following detailed description will illustrate the general principles of the
invention, examples of which are additionally illustrated in the accompanying drawings. In

the drawings, like reference numbers indicate identical or functionally similar elements.

[0021] Asused herein "fluid" means any liquid, suspension, colloid, gas, plasma, or

combinations thereof.

[0022] Relative terms such as above, below, downward, upward, and the like are used
for convenience with respect to the orientation of features depicted in the drawings to
describe the relative positioning of various features in relationship to each other, and such

terms should not be interpreted as limiting the invention to the depicted orientations.

[0023] FIG. 1 illustrates an embodiment of an aspirator 100 for use in an engine, for
example, in a vehicle's engine. Aspirator 100 includes a body 106 defining passageway
104, having three or more ports that are connectable to an engine, and a gate assembly 170
providing control of the flow through passageway 104. As shown in FIG. 1, the ports
include: (1) a motive port 108, which, in one embodiment, supplies clean air from the
engine intake air cleaner, obtained upstream of the throttle of the engine; (2) a suction port
110, which can connect via an optional check valve 111 to a device requiring vacuum 102;
(3) a discharge port 112, which, in one embodiment, is connected to an engine intake
manifold downstream of the throttle of the engine; and, optionally, (4) a bypass port 114.
In one embodiment, the device requiring vacuum 102 is a vehicle brake boost device. The
device requiring vacuum 102 may also be a vacuum reservoir. The bypass port 114 may be
connected to the device requiring vacuum 102 and, optionally, may include a check valve

120 in the fluid flow path 122 therebetween.

[0024] The passageway 104 of the aspirator 100 has a central longitudinal axis B labeled
in FIG. 1. The passageway 104 includes a first tapering portion 128 in the motive section
116 of the body 106 coupled to a second tapering portion 129 in the discharge section 146
of the body 106. Here, the first tapering portion 128 and the second tapering portion 129
are aligned end to end (outlet end 132 of the motive section 116 to inlet end 134 of the
discharge section 146) with the gate assembly 170 disposed therebetween to control the
fluid communication between the motive section 116 and the discharge section 146. The

inlet ends 130, 134 (or the outlet end 132, 131) may have a shape that is circular, elliptical,
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rectangular, or other polygonal shape and the gradually, continuously tapering inner

passageway extending therefrom may define, but is not limited to, a hyperboloid or a cone.

[0025] The body 106, which may be referred to herein as a housing, includes a gate
housing 171, which defines a gate passageway 202 having opposing walls 204, 206. The
gate housing 171 may be referred to herein as a gate housing portion. A gate assembly 170
may be disposed within the gate housing 171 and may be translatable along the gate
passageway 202. The gate passageway 202 may be generally perpendicular to the central
longitudinal axis B of aspirator 100. The gate assembly 170, which may be referred to
herein as a gate, includes a first bore and a second bore. The first bore, represented in FIG.
1 by the combination of upper bores 184, 185, has a Venturi opening 231 within a portion
of the first bore that creates vacuum when fluid flows through the first bore. The upper
bores 184, 185 make up a first Venturi tube that has a Venturi opening 231 in fluid
communication with the suction port 110. The second bore, represented in FIG. 1 by the
combination of lower bores 186, 187, has a Venturi opening 232 within a portion of the
second bore that creates vacuum when fluid flows through the second bore. The lower
bores 184, 185 make up a second Venturi tube that has a Venturi opening 232 in fluid

communication with the suction port 110.

[0026] In one embodiment, the Venturi opening 231 in the first bore 184, 185 creates
vacuum when fluid flows through the passageway 104 in a first direction, such as from the
motive section 116 of aspirator 100 to the discharge section 146 of aspirator 100, for
example, and the Venturi opening 232 in the second bore 186, 187 creates vacuum when
fluid flows through the passageway 104 in a second direction opposite the first direction,
such as from the discharge section 146 to the motive section 116 of aspirator 100, for

example.

[0027] In one embodiment, the first bores 184, 185 may be sized to create a first mass
flow of fluid through the aspirator 100, and the second bores 186, 187 may be sized to
create a second mass flow of fluid through the aspirator 100 that is different than the first
mass flow. The first mass flow and the second mass flow may be in the same direction
through aspirator 100. The first mass flow and the second mass flow may be used to
provide different mass flow rates through the aspirator 100. For example, the second bore

186, 187 may be sized smaller than the first bore 184, 185 to impede the mass flow of
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fluid/air through the aspirator and limit the mass flow rate of air to the engine intake

manifold.

[0028] In one embodiment, the first bore 184, 185 and the second bore 186, 187 may be
configured to produce different vacuum pressures. The first bore 184, 185 may taper such
that the first bore 184, 185 creates a first speed of the fluid flowing past the Venturi
opening 231, and the second bore 186, 187 may taper such that the second bore 186, 187
creates a second speed of the fluid flowing past the Venturi opening 232. The second
speed may be different than the first speed, resulting in a different vacuum pressure than
the vacuum pressure created at the Venturi opening 231 in the first bore 184, 185. The first
bore 184, 185 may taper to a first narrowest cross-section (first profile) that creates a first
fluid speed across the Venturi opening 231 in the first bore 184, 185, and the second bore
186, 187 may taper to a second narrowest cross-section (second profile) that creates a
second fluid speed across the Venturi opening 232 in the second bore 186, 187. The gate
assembly 170 may also have a solid surface, as shown in FIG. 1, that blocks fluid flow
between the motive section 116 and the discharge section 146 of aspirator 100. The gate
assembly 170 may be a single gate or multiple gate members seated in the gate passageway

202.

[0029] Asseen in FIG. 1, the gate assembly 170, which may be referred to herein as a
sprung gate, includes a first gate member 172, a second gate member 174, (collectively
referred to as gate 175) and biasing members received therebetween. In one embodiment,
the biasing member is an endless elastic band 176 as shown in FIG. 1. The endless clastic
band 176 may be described as being sandwiched between the first and second gate
members 172, 174. Examples of gate assemblies having two gate members with an endless
elastic band disposed therebetween are described in Applicant's co-pending Application
No. 14/473,151, filed on August 29, 2014, which is incorporated herein by reference in its
entirety. Each gate member 172, 174 includes a track 178, 179 respectively as a portion of
the surface facing the other gate member (herein referred to as the inner surfaces 180, 181).
Each track 178, 179 has received therein (has seated therein) a portion of the endless elastic
band 176. The endless elastic band 176 is a biasing member that biases the first and second
gate members 172, 174 away from one another and as such biases their respective outer
surfaces 182, 183 against opposing walls 204, 206 of the gate passageway 202 defined by
the gate housing 171. The biasing force of the endless elastic band 176 may be a result of
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compression of the endless elastic band 176 between the first and the second gate members

172, 174.

[0030] Now referring to FIG. 2, the endless elastic band 176 may be generally oval-
shaped and thereby includes an inner perimeter 220 defining an open space, an outer
perimeter 222, and opposing first and second sides 224, 226. The endless elastic band 176
is received in the tracks 178, 179 of the first and second gate members 172, 174 with the
first side 224 received in one track 178 and the second side 226 received in the other track
179. When the endless band 176 is seated in the tracks 178, 179, the first and the second
gate members 172, 174 are spaced apart from one another by a distance D to define a gap.
The gap enables fluid to flow against the endless elastic band 176, which is radially
expandable, to expand the endless elastic band 176 radially outward to form a seal between
the outer perimeter 222 of the endless elastic band 176 and a portion of the tracks 178, 179
in the first and second gate members 172, 174 as fluid flows through the gate 175 when it
1S in an open position, such as the first position illustrated in FIG. 2 and the second position
illustrated in FIG. 3. This sealing engagement reduces or prevents fluid leakage into the
actuator 210, which renders the gate 175 more leak resistant. The tracks 178,179 are
positioned to inset the endless elastic band 176 a distance from the outer perimeter of the
first and second gate members 172, 174 as well. This construction defines a channel 254
around the outer perimeter 222 of the endless elastic band 176 between the first and second
gate members 172, 174 for fluid flow around the sprung gate 228 within the gate
passageway 202.

[0031] The endless elastic band 176 also results in a gate that is less sensitive to
manufacturing tolerances, in particular with respect to the dimensions of gate passageway
202. The gate passageway 202 is typically formed to have a width that is smaller than the
unloaded width of the gate 175. Accordingly, the endless elastic band 176 becomes
compressed between the first and second gate members 172, 174 as the gate 175 is inserted
into the gate passageway 202 (or pocket). The endless elastic band's biasing action on the
first and second gate members 172, 174 when inserted (wedged) into the pocket 202 biases
cach respective gate member into a sealing engagement with a wall of the pocket to reduce

or prevent leaks.

[0032] Referring now to FIG. 4, in another embodiment, the biasing members are one or

more springs 176' sandwiched between the first and second gate members 172, 174. The

-8-
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springs 176' may be coil springs, leaf springs, torsion springs, other springs, or
combinations thereof. Each gate member 172, 174 includes one or more partial bores 178,
179' respectively as a portion of the surface facing the other gate member (herein referred
to as the inner surfaces 180, 181). Each partial bore 178', 179" has received therein (has
seated therein) a portion of the springs 176'. The springs 176' bias the first and second gate
members 172, 174 away from one another and as such biases their respective outer surfaces
182, 183 against opposing walls 204, 206 of the gate passageway 202 defined by the gate
housing 171. The biasing force of the springs 176' may be a result of compression of the
springs 176' between the first and the second gate members 172, 174. The springs 176’
may have one or more spaces 230, that may be between individual coils of the springs 176'
or may be between the springs 176" and the partial bores 178', 179" in the first and second
gate members 172, 174.

[0033] Asillustrated in FIGS. 1-3, each of the first and second gate members 172, 174
have an upper bore 184, 185 and a lower bore 186, 187. In another embodiment, the first
and second gate members 172, 174 may have three bores therethrough. Referring back to
FIGS. 1-3, the first gate member 172 includes an upper bore 184 and a lower bore 186
therethrough. The upper and lower bores 184, 186 (or alternatively first and second bores)
are oriented to pass through the first gate member 172 generally horizontally as oriented
relative to the page upon which the figures are printed and each has a central longitudinal
axis generally parallel to the longitudinal axis B of passageway 104. The upper bore 184
has an outer opening 190 in the outer surface 182 and an inner opening 191 in the inner
surface 180 of the first gate member 172. The outer surface 182 generally faces outwards
toward the gate housing 171, and the inner surface 180 generally faces towards the inner
surface 181 of the second gate member 174. The outer opening 190 is larger than the inner
opening 191 and both openings may have a shape that is circular, elliptical, rectangular, or
other polygonal shape with the bore gradually, continuously tapering as it extends between
the outer opening 190 and the inner opening 191, which may define, but is not limited to, a
hyperboloid or a cone. The lower bore 186 has an inner opening 192 in the inner surface
180 and an outer opening 193 in the outer surface 182 of the first gate member 172. Here,
the inner opening 192 is smaller than the outer opening 193, and both openings may have a

shape that is circular, elliptical, rectangular, or other polygonal shape with the bore
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gradually, continuously tapering as it extends between the inner opening 192 and the outer

opening 193, which may define, but is not limited to, a hyperboloid or a cone.

[0034] The second gate member 174 includes an upper bore 185 and a lower bore 187
therethrough. The upper and lower bores 185, 187 are oriented to pass through the second
gate member 174 horizontally as oriented relative to the page upon which the figures are
printed and each has a central longitudinal axis generally parallel to the longitudinal axis B
of passageway 104. The upper bore 185 has an inner opening 194 in the inner surface 181
and an outer opening 195 in the outer surface 183 of the second gate member 174. The
outer surface 183 generally faces outward toward the gate housing 171, and the inner
surface 181 generally faces toward the inner surface 180 of the first gate member. The
inner opening 194 is smaller than the outer opening 195, and both openings may have a
shape that is circular, elliptical, rectangular, or other polygonal shape with the bore
gradually, continuously tapering as it extends between the inner opening 194 and the outer
opening 195, which may define, but is not limited to, a hyperboloid or a cone. The lower
bore 187 has an outer opening 196 in the outer surface 183 and an inner opening 197 in the
inner surface 181 of the second gate member 174. Here, the outer opening 196 is larger
than the inner opening 197, and both openings may have a shape that is circular, elliptical,
rectangular, or other polygonal shape with the bore gradually, continuously tapering as it
extends between the inner opening 192 and the outer opening 193, which may define, but is
not limited to, a hyperboloid or a cone. The upper bore and lower bore of the gate
assembly 175 may also be referred to herein as a first bore and a second bore in some

embodiments without implying a spatial relationship between the first and second bores.

[0035] Referring to FIGS. 1-3, in operation, the gate assembly 170 is translatable
generally perpendicular to the passageway 104. The translation of the gate 175 is enabled
by an actuator 210 coupled to the first and second gate members 172, 174. The actuator
210 can be coupled directly to the first and second gate members 172, 174, as shown in
FIG. 4, or can be coupled by a first connecting member 213 and/or a second connecting
member 214, as shown in FIG. 1. The actuator 210 may be any device capable of moving
the gate 175 between the various positions allowing flow within passageway 104 or
blocking flow therein. In one embodiment, the actuator 210 may be a pneumatic actuator
as disclosed in Applicant's co-pending U.S. Application 14/277,815, filed on May 15,
2014, a solenoid actuator as disclosed in Applicant's co-pending U.S. Application

-10-
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14/473,151, filed on August 29, 2014, or a rotary to linear actuator as disclosed in U.S.
Published Application 2012/0256111, each of which is incorporated herein by reference in

its entirety.

[0036] Asillustrated in FIGS. 1-3, the gate 175 has at least three positions: (1) a blocked
flow position shown in FIG. 1 where both the first gate member 172 and the second gate
member 174 have a solid surface biased against the outlet end 132 of the motive section
116 and the inlet end 134 of the discharge section 146, respectively, of passageway 104;
(2) a first flow position shown in FIG. 3 having the upper bores 184, 185 in the first and
second gate members 172, 174 aligned with one another and aligned with passageway 104
allowing fluid to flow through the first Venturi tube; and (3) a second flow position shown
in FIG. 2 having the lower bores 186, 187 in the first and the second gate members 172,
174 aligned with one another and aligned with passageway 104 allowing fluid to flow
through the second Venturi tube. In one embodiment, the first flow position can be used to
create vacuum for fluid flow in one direction, such as from the motive section 116 to the
discharge section 146, for example, and the second flow position can be used to create
vacuum for fluid flow in the opposite direction, such as from the discharge section 146 to
the motive section 116. In one embodiment, the first flow position and the second flow
position are used for fluid flow in the same direction but have different internal profiles to

produce different mass flow rates.

[0037] In operation, the aspirator 100 creates a Venturi effect as fluid flows through
either the upper bores 184, 185 or the lower bores 186, 187 of the gate assembly 175. In
one embodiment, the upper bores 184, 185 create the Venturi effect for fluid flow in a first
direction, and the lower bores 186, 187 create the Venturi effect for fluid flow in a second

direction, which is opposite the first direction.

[0038] Now referring to FIG. 2, flow through the lower bores 186, 187 is for flow from
the motive port 108 towards the discharge port 112. The first tapering portion 128
continuously tapers from a larger end 130 to the inner opening 192 of the lower bore 185 in
the first gate member 172, which is smaller than the larger end 130 in the motive section
116. This change in cross-sectional profile along the first tapering portion 128 and the
lower bore 186 causes the flow of fluid to increase speed as it passes therethrough. The
larger end 130 and the inner opening 192 of the lower bore 186 of the first gate member

172 may have shapes that are circular, elliptical, rectangular, or other polygonal shape with

-11-
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the interior gradually, continuously tapering as it extends between the larger end 130 and
the inner opening 192 of the lower bore 186, which may define, but is not limited to, a
hyperboloid or a cone. The size of the inner opening 192 relative to the larger end 130

determines how much speed the motive air gains as it travels through the aspirator 100.

[0039] At the inner opening 192 in the lower bore 186 of the first gate member 172, fluid
flow opens into the gap having distance D between the first and second gate members 172,
174 and then into the inner opening 197 of the lower bore 187 in the second gate member
174, which has a larger opening than the inner opening 192 of the lower bore 186 in the
first gate member 172. Since the lower bores 186, 187 through the gate 175 have a change
in profile at the inner surfaces 180, 181 of the first and second gate members 172, 174 at
the gap therebetween, the gap constitutes a Venturi opening 232 that creates suction around
it as fluid flows through the lower bores 186, 187 from the motive port 108 toward the
discharge port 112. From the inner opening 197 of the lower bore 187 of the second gate
member 174, the interior surface of the second tapering portion 129, including the lower
bore 187 of the second gate member 174, tapers gradually and continuously to an even
larger opening at the discharge port opening 131. The inner opening 197 and discharge
port opening 131 may have shapes that are circular, elliptical, rectangular, or other
polygonal shape with the interior surface gradually, continuously tapering as it extends
between the inner opening 197 of the lower bore 187 of the second gate member 174 and
the discharge port opening 131, which may define, but is not limited to, a hyperboloid or a
cone. The lower bores 186, 187 make up the second Venturi tube. The suction generated
at the Venturi opening 232 in the second Venturi tube is communicated to the suction port
110 through a vent 212 in the first gate member 172, to draw additional fluid from the
suction port 110 into the lower bore 187 of the second gate member 174. While the vent
212 is illustrated as being in the first gate member 172, it may, conversely, be positioned in

the second gate member 174.

[0040] Now referring to FIG. 3, flow through the upper bores 184, 185 is from the
discharge port 112 toward the motive port 108, which is opposite the direction of flow for
lower bores 186, 187. Here, the second tapering portion 129 continuously tapers from a
larger end 131 to the inner opening 194 of the upper bore 185 in the second gate member
174, which has a smaller opening than the larger end 131 in the discharge section 146, as

shown in FIGS. 1 and 3. This change in profile along the second tapering portion 129 and
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the upper bore 185 causes the flow of fluid to increase speed as it passes therethrough. The
larger end 131 and the inner opening 194 of the upper bore 185 of the second gate member
174 may have shapes that are circular, elliptical, rectangular, or other polygonal shape with
the interior profile gradually, continuously tapering therebetween, which may define, but is
not limited to, a hyperboloid or a cone. The size of the inner opening 194 relative to the
larger end 131 determines how much speed the motive air gains as it travels through the

aspirator 100.

[0041] At the inner opening 194 in the upper bore 185 of the second gate member 174,
fluid flow opens into the gap having distance D between the first and second gate members
172, 174 and then into the inner opening 191 of the upper bore 184 in the first gate member
172, which is larger than the inner opening 194 of the second gate member 174. Since the
upper bores 184, 185 through the gate 175 have a change in profile/dimensions in the inner
surfaces 180, 181 of the first and second gate members 172, 174, at the gap therebetween,
the gap constitutes a Venturi opening 231 that creates suction around it as fluid flows
through the upper bores 184, 185 from the discharge port 112 toward the motive port 108.
From the inner opening 191 of the upper bore 184 of the first gate member 172, the inner
profile of the first tapering portion 128, including the upper bore 184 of the first gate
member 172, tapers gradually and continuously to an even larger opening at the motive
port opening 130. The inner opening 191 of the upper bore 184 and the motive port
opening 130 have shapes that are circular, elliptical, rectangular, or other polygonal shape,
and the gradually, continuously tapering inner profile may define, but is not limited to, a
hyperboloid or a cone. The upper bores 184, 185 make up the first Venturi tube. The
suction generated at the Venturi opening 231 in the first Venturi tube is communicated to
the a suction port 110 through a vent 212 in the first gate member 172, to draw additional
fluid from the suction port 110 into the upper bore 184 of the first gate member 172. While
the lower bores 186, 187 are configured to create the Venturi effect for fluid flow from the
motive section 116 to the discharge section 146 and the uppers bores 184, 185 are
configured for flow in the opposite direction, the directions of flow may, conversely, be
switched such that the upper bores 184, 185 create the Venturi effect for fluid flowing from
the motive section 116 to the discharge section 146 and the lower bores 186, 187 are

configured for flow in the opposite direction.
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[0042] In the embodiment of FIG. 4, fluid flow through the upper bores 184, 185 and the
lower bores 186, 187 is in the same direction, such as from the motive section 116 to the
discharge section 146, for example. The lower bores 186, 187 can have shapes and
dimensions different from the upper bores 184, 185 such that the lower bores 186, 187
create a different mass flow rate and/or vacuum effect at the Venturi opening 232 than the
mass flow rate and/or vacuum effect created by the Venturi opening 231 in the upper bore

184, 185.

[0043] Referring to FIG. 4, the upper bores 184, 185 and the lower bores 186, 187 of the
gate assembly 175 may be configured to create vacuum for fluid flow from the motive
section 116 to the discharge section 146. The upper bores 184, 185 are configured to create
a first suction (vacuum pressure) and/or a first mass flow rate at the Venturi opening 231 in
the upper bores 184, 185. The upper bores 184, 185 make up the first Venturi tube having
the Venturi opening 231. When the gate assembly 175 is positioned to place the upper
bores 184, 185 in passageway 104 (FIG. 4 shows the lower bores 186, 187 rather than the
upper bores 184, 185 being aligned with the passageway 104), the tapering portion 128
continuously tapers from a larger end 130 to the inner opening 191 of the upper bore 184 in
the first gate member 172, which has a smaller profile than the larger end 130 in the motive
section 116. This change in profile along the tapering portion 128 and the upper bore 184
causes the flow of fluid to increase speed as it passes therethrough. The respective
dimensions of the larger end 130 and the inner opening 191 of the upper bore 184 of the
first gate member 172 determine how much speed the motive air (fluid) gains as it travels
through the aspirator 100. At the inner opening 191 in the upper bore 184 of the second
gate member 172, fluid flow opens into the gap having distance D between the first and
second gate members 172, 174 and then into the inner opening 194 of the upper bore 185 in
the second gate member 174, which has a larger profile than the inner opening 191 of the
first gate member 172. Since the upper bores 184, 185 through the gate 175 have a change
in profile in the inner surfaces 180, 181 of the first and second gate members 172, 174 at
the gap therebetween, the gap constitutes the Venturi opening 231 that creates suction
around it as fluid flows through the upper bores 184, 185 from the motive port 108 to the
discharge port 112.

[0044] The differences in cross-sectional geometry (profile) and/or dimensions between

the inner opening 191 of the upper bore 184 of the first gate member 172 and the inner
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opening 194 of the upper bore 185 of the second gate member 174 determine a magnitude
of the Venturi effect created by the upper bores 184, 185, resulting in a first suction. The
dimensions and/or cross-sectional geometry of the upper bores 184, 185 can also determine

a first mass flow rate through the aspirator 100.

[0045] As shown in FIG. 4, the gate assembly 175 is positioned to place the lower bores
186, 187 in the passageway 104 to create a second suction (vacuum pressure) and/or a
second mass flow rate at the Venturi opening 232 in the lower bores 186, 187. The lower
bores 186, 187 make up the second Venturi tube having the Venturi opening 232. Here,
the tapering portion 128 continuously tapers from a larger inlet end 130 at the motive port
108 to the inner opening 192 of the lower bore 186 in the first gate member 172, which has
a smaller profile than the inlet end 130. This change in profile along the motive section
116 of the passageway 104 and the lower bore 186 of the first gate member 172 causes the
flow of fluid to increase speed as it passes therethrough. The respective profiles of the inlet
end 130 and the inner opening 192 determine how much speed the motive air (fluid) gains
as it travels through the aspirator 100 and can affect the mass flow rate of fluid through the

aspirator 100.

[0046] At the inner opening 192 of the lower bore 186 of the first gate member 172,
fluid flow opens into the gap having distance D between the first and second gate members
172, 174 and then into the inner opening 197 of the lower bore 187 of the second gate
member 174, which is larger than the inner opening 192 of the lower bore 186 of the first
gate member 172. Since the lower bores 186, 187 through the gate 175 have a change in
profile in the inner surfaces 180, 181 of the first and second gate members 172, 174, at the
gap therebetween, the gap constitutes the Venturi opening 232 that creates suction around it
as fluid flows through the lower bores 186, 187 from the motive port 108 toward the
discharge port 112.

[0047] The differences in cross-sectional geometry (profile) and/or dimensions between
the inner opening 192 in the lower bore 186 of the first gate member 172 and the inner
opening 197 of the lower bore 187 of the second gate member 174 determine the
magnitude of the Venturi effect created by the lower bores 186, 187, resulting in a second
suction. The cross-sectional geometry and/or dimensions of the lower bores 186, 187 can

also determine a second mass flow rate through the aspirator 100.
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[0048] Differences in cross-sectional geometries (profiles) and/or dimensions between
the upper bores 184, 185 and the lower bores 186, 187 can result in the first suction being
different than the second suction. The aforementioned embodiments can supply different
vacuum pressures in response to different operating requirements of the engine system
employing the aspirator 100. The differences in geometries (profiles) and/or dimensions
between the upper bores 184, 185 and the lower bores 186, 187 can also result in the first
mass flow rate of fluid through the aspirator 100 being different that the second mass flow
rate of fluid through the aspirator 100, which may, among other benefits, provide for
controlling the mass flow rate of air to the engine intake manifold without the need for an

additional flow control valves.

[0049] Referring to FIG. 4, the springs 176" bias the first and second gate members 172,
174 apart to form a gap E between the first and second gate members 172, 174. The
springs 176' have one or more spaces 230 that allow fluid to pass by the springs 176’
without the need for a vent 212 (shown in FIGS. 1-3) positioned in either of the first or
second gate members 172, 174. The spaces 230 may be between coils of the spring 176’
and/or may be between the spring 176' and the partial bores 178, 179" in the first gate
member 172 and second gate member 174. Referring back to FIG. 4, the vacuum created
at either the upper bores 184, 185 or the lower bores 186, 187 in the gate assembly 175 is
communicated to the gap E, which is in fluid communication with the suction port 110
through the spaces 230 in the springs 176' or spaces between the springs 176" and the first
and second gate members 172, 174. The fluid communication between the passageway
104 and the suction port 110 draws additional fluid from the suction port into the upper

bore 185 or lower bore 187 of the second gate member 174.

[0050] The optional bypass port 114 of the aspirator 100 may intersect the discharge
section 146 as described above to be in fluid communication with the second tapering
section 129. As illustrated in FIG. 1, the bypass port 114 may intersect the second tapering
section 129 adjacent to, but downstream of the outlet end 131. The body 106 may
thereafter (i.e., downstream of this intersection of the bypass port) continue with a
cylindrically uniform inner diameter until it terminates at the discharge port 112 or may be
a tapering bore having a gradually, continuously tapering interior surface from the outlet
end 131 of the second tapering section 129 to the port 112. A tapering bore in this section
of body 106 can improve performance of the bypass port 114. Each of the respective ports

-16-



WO 2015/089177 PCT/US2014/069528

108, 110, 112, and 114 may include a connector feature on the outer surface thereof for
connecting the aspirator 100 to hoses or other features in the engine. In the embodiment of
FIG. 1, the gate passageway 202 has a central longitudinal axis C generally perpendicular
to the body's central longitudinal axis B, and the optional bypass port 114 may likewise
have a central longitudinal axis A that is generally perpendicular to the body's central

longitudinal axis B.

[0051] The presently disclosed aspirators 100 having actuated gate assemblies 170
enables creation of vacuum with fluid flowing in either direction through the aspirator 100,
whether the engine is under boost or operating with an inadequate amount of manifold
vacuum. By doing so, the aspirators 100 may reduce the number and cost of components
needed to supply an engine system's vacuum requirements, which is likely to reduce costs
and increase the efficiency of engine systems, among other benefits. Additionally, the
aspirators 100 enable control of the mass flow rate of fluid through the aspirator 100 and
into the engine intake manifold, which is likely to reduce the costs of controlling air flow to

the engine intake manifold, among other benefits.
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CLAIMS

1. An aspirator for creating vacuum comprising:
a housing defining a fluid passageway therethrough, the fluid passageway
comprising:
a first tapering portion gradually tapering from a larger internal opening
to a smaller internal opening; and
a second tapering portion gradually tapering from a larger internal
opening to a smaller internal opening;
wherein the first tapering portion and the second tapering portion
converge toward one another with their smaller internal openings facing one
another;
a gate positioned between and in fluid communication with the first tapering portion
and the second tapering portion of the housing, the gate having a first Venturi tube with a
Venturi opening in fluid communication with a suction port and a second Venturi tube with
a Venturi opening in fluid communication with the suction port, wherein the first Venturi
tube creates a vacuum when fluid flows therethrough, wherein the second Venturi tube
creates a vacuum when fluid flows therethrough; and
an actuator coupled to the gate, the actuator operable to move the gate to place the
first Venturi tube or the second Venturi tube, as selected, into alignment with the smaller

internal openings of the first and second tapering portions.

2. The aspirator of claim 1, wherein the gate further comprises a solid surface to block
flow of fluid between the first and second tapering portions, and wherein the actuator is
further operable to place the solid surface, the first Venturi tube, or the second Venturi
tube, as selected, into alignment with the smaller internal openings of the first and second

tapering portions.

3. The aspirator of claim 1, wherein the first Venturi tube creates a vacuum when fluid
flows from the first tapering portion to the second tapering portion of the fluid passageway,
and the second Venturi tube creates a vacuum when fluid flows from the second tapering

portion to the first tapering portion of the fluid passageway.
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4, The aspirator of claim 1, wherein the first Venturi tube, when selected, creates a
first mass flow rate through the aspirator, and the second Venturi tube, when selected,
creates a second mass flow rate through the aspirator, wherein the second mass flow rate is

different than the first mass flow rate.

5. The aspirator of claim 4, wherein a direction of flow through the first Venturi tube

and a direction of flow through the second Venturi tube are the same.

6. The aspirator of claim 1, wherein the gate comprises a first gate member and a
second gate member with a biasing member disposed therebetween to bias the first gate
member and second gate member away from one another and into engagement with a gate

housing portion of the housing enclosing the gate.

7. The aspirator of claim 6, wherein the biasing member is an endless elastic member

Or ONne or more springs.

8. The aspirator of claim 7, wherein a biasing force of the endless elastic member
creates a sealing relationship between the endless elastic member and the first gate member

and between the endless elastic member and the second gate member.

9. The aspirator of claim 6, wherein the first Venturi tube comprises a first gate upper
bore having a first gate upper inner opening and a second gate upper bore having a second
gate upper inner opening; wherein the second Venturi tube comprises a first gate lower
bore having a first gate lower inner opening and a second gate lower bore having a second
gate lower inner opening; wherein the second gate upper inner opening is larger than the
first gate upper inner opening such that the first Venturi tube creates vacuum when fluid
flows from the first gate upper bore, through a gap between the first gate and the second
gate, and into the second gate upper bore; and wherein the second gate lower inner opening
is smaller than the first gate lower inner opening such that the second Venturi tube creates
vacuum when fluid flows from the second gate lower bore, through the gap between the

first gate and second gate, and into the first gate lower bore.

-19-



WO 2015/089177 PCT/US2014/069528

10.  The aspirator of claim 1, further comprising a bypass port intersecting the second

tapering portion.

11.  The aspirator of claim 8, wherein the gate comprises a suction vent in fluid
communication with the suction port, the Venturi opening in the first Venturi tube, and the

Venturi opening in the second Venturi tube.

12.  An engine system having an aspirator for creating vacuum, the system comprising:
an aspirator comprising a motive port coupled to an air source and a discharge port
coupled to an intake manifold of an engine, the aspirator comprising:
a housing defining a fluid passageway therethrough, the fluid passageway
comprising:
a first tapering portion gradually tapering from a larger internal opening to
a smaller internal opening; and
a second tapering portion gradually tapering from a larger internal opening
to a smaller internal opening;
wherein the first tapering portion and the second tapering portion converge
toward one another with their smaller internal openings facing one another;
a gate positioned between and in fluid communication with the first tapering portion
and the second tapering portion of the housing, the gate having a first Venturi tube with a
Venturi opening in fluid communication with a suction port and a second Venturi tube with
a Venturi opening in fluid communication with the suction port, wherein the first Venturi
tube creates vacuum when fluid flows therethrough, wherein the second Venturi tube
creates vacuum when fluid flows therethrough; and
an actuator coupled to the gate, the actuator operable to move the gate to place the
first Venturi tube or the second Venturi tube, as selected, into alignment with the smaller

internal openings of the first and second tapering portions.

13.  The engine system of claim 12, wherein the gate further comprises a solid surface
to block the flow of fluid between the first and second tapering portions, and wherein the
actuator is further operable to place the solid surface, the first Venturi tube, or the second
Venturi tube, as selected into alignment with the smaller internal openings of the first and

second tapering portions.
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14.  The engine system of claim 12, wherein the Venturi opening in the first Venturi
tube creates a vacuum when fluid flows through the fluid passageway from the first
tapering portion to the second tapering portion and the Venturi opening in the second
Venturi tube creates a vacuum when fluid flows through the fluid passageway from the

second tapering portion to the first tapering portion.

15.  The engine system of claim 12, wherein the first Venturi tube, when selected,
creates a first mass flow rate through the aspirator, and the second Venturi tube, when
selected, creates a second mass flow rate through the aspirator, wherein the second mass

flow rate is different than the first mass flow rate.

16. The engine system of claim 15, wherein a direction of flow through the first Venturi

tube and a direction of flow through the second Venturi tube are the same.

17.  The engine system of claim 12, wherein the gate comprises a first gate member and
a second gate member with a biasing member disposed therebetween to bias the first gate
member and the second gate member away from one another and into engagement with a

gate housing that defines a gate passageway in which the gate is translatable.

18.  The engine system of claim 17, wherein the biasing member is an endless elastic

member or one or more springs.

19.  The engine system of claim 12, wherein the suction port is coupled to a device

requiring vacuum for fluid communication therebetween.

20.  An aspirator for creating vacuum comprising:
a housing defining a fluid passageway therethrough, the fluid passageway
comprising:
a first tapering portion gradually tapering from a larger internal opening
to a smaller internal opening; and
a second tapering portion gradually tapering from a larger internal

opening to a smaller internal opening;
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wherein the first tapering portion and the second tapering portion
converge toward one another with their smaller internal openings facing one
another;

a gate positioned between and in fluid communication with the first tapering portion
and the second tapering portion of the housing, the gate having a first bore therethrough
that includes a Venturi opening within a portion of the first bore that creates vacuum when
fluid flows through the first bore from the first tapering portion to the second tapering
portion and a second bore therethrough that includes a Venturi opening within a portion of
the second bore that creates vacuum when fluid flows through the second bore from the
second tapering portion to the first tapering portion, wherein the Venturi opening in the
first bore and the Venturi opening in the second bore are in fluid communication with a
suction port; and

an actuator coupled to the gate, the actuator operable to move the gate to place the
first bore or the second bore, as selected, into alignment with the smaller internal openings

of the first and second tapering portions.
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