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ABSTRACT

A self-aligning jet pump assembly for draining a liquid trap
has a jet pump nozzle and a nozzle carrier that are self-

aligning.
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CONSTANT TENSION SNAP-FIT ASSEMBLY

[0001] This application is a continuation of U.S. Nonpro-
visional application Ser. No. 14/813,964 filed Jul. 30, 2015,
which is a bypass continuation application of International
Application Nos. PCT/US2013/43288 and PCT/US2013/
043294 filed May 30, 2013, which commonly claim the
benefit of U.S. Provisional Application No. 61/760,022 filed
Feb. 1, 2013, U.S. Provisional Application No. 61/760,023
filed Feb. 1, 2013, and U.S. Provisional Application No.
61/807,461 filed Apr. 2, 2013, all of which are incorporated
by reference in their entireties.

TECHNICAL FIELD

[0002] The present teachings generally include a jet pump
assembly for draining a liquid trap.

BACKGROUND

[0003] The efficiency and functionality of a jet pump
assembly is highly dependent upon the alignment of the jet
pump nozzle with the diffuser at which the nozzle tip is
directed. Plastic components can change their shape under
different operating conditions. For example, plastic can
swell in the presence of a medium such as automotive fuel,
and then re-dry, shrinking to a smaller size. The relative fit
of plastic components connected to one another can thus be
dependent on the operating conditions.

SUMMARY

[0004] A jet pump assembly for draining a liquid trap is
provided that includes a unitary nozzle carrier and a unitary
venturi nozzle. The unitary nozzle carrier has a wall with an
entrance port. The nozzle carrier has a longitudinal passage
extending through the nozzle carrier and in fluid communi-
cation with the entrance port. The unitary venturi nozzle has
an inlet and a nozzle tip forming an outlet. The nozzle carrier
and the venturi nozzle are configured so that the venturi
nozzle fits to the nozzle carrier in the longitudinal passage
with the nozzle tip extending past the entrance port. The
nozzle tip is in fluid communication with the entrance port.
The alignment of a longitudinal axis of the venturi nozzle
with a longitudinal axis of the nozzle carrier is thus depen-
dent only on the fit of the carrier portion and the venturi
nozzle when the venturi nozzle is fit to the carrier portion.
[0005] The above features and advantages and other fea-
tures and advantages of the present teachings are readily
apparent from the following detailed description of the best
modes for carrying out the present teachings when taken in
connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a schematic illustration in cross-sectional
view of a liquid trap assembly with a liquid trap and an
integrated jet pump assembly, taken at the lines 1-1 in FIG.
2.

[0007] FIG. 2 is a schematic perspective illustration of the
liquid trap assembly assembly of FIG. 1.

[0008] FIG. 3 is a schematic illustration in fragmentary
cross-sectional view of the jet pump assembly supported in
the liquid trap assembly of FIG. 1.

[0009] FIG. 4 is a schematic side view illustration of the
jet pump assembly of FIG. 1.
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[0010] FIG. 5 is a schematic illustration in cross-sectional
view of the jet pump assembly in FIG. 4 taken at lines 5-5
in FIG. 4.

[0011] FIG. 6 is a schematic cross-sectional illustration
taken at lines 6 in FIG. 4 of a venturi nozzle of the jet pump
assembly of FIG. 4 with the nozzle carrier removed.
[0012] FIG. 7 is a schematic cross-sectional illustration
taken at lines 7 in FIG. 4 of a nozzle carrier of the jet pump
assembly of FIG. 4 with the venturi nozzle removed.
[0013] FIG. 8 is a schematic illustration in cross-sectional
view of an alternative jet pump assembly for use in the liquid
trap assembly of FIG. 1.

[0014] FIG. 9 is a schematic illustration of the liquid trap
assembly of FIG. 1 mounted in a fuel tank and part of a
vehicle fuel system.

[0015] FIG. 10 is a schematic illustration in end view of
the liquid trap assembly of FIG. 1.

[0016] FIG. 11 is a schematic illustration in cross-sec-
tional view of the liquid trap assembly taken at lines 11-11
in FIG. 10 and showing a housing connected to an end cap.
[0017] FIG. 12 is a close-up fragmentary cross-sectional
view of an extension of the housing trapped in a recess of the
end cap under a first operating condition.

[0018] FIG. 13 is a close-up fragmentary cross-sectional
view of the extension of the housing trapped in the recess of
the end cap under a second operating condition.

[0019] FIG. 14 is a close-up fragmentary cross-sectional
view of the extension of the housing trapped in the recess of
the end cap under a third operating condition.

[0020] FIG. 15 is a close-up fragmentary cross-sectional
view of an alternate extension for the housing shown trapped
in the recess of the end cap under the first operating
condition.

[0021] FIG. 16 is a close-up fragmentary cross-sectional
view of the alternate extension of the housing trapped in the
recess of the end cap under the second operating condition.
[0022] FIG. 17 is a close-up fragmentary cross-sectional
view of the alternate extension of the housing trapped in the
recess of the end cap under the third operating condition.
[0023] FIG. 18 is a schematic illustration in exploded
perspective view of the liquid trap assembly of FIG. 2.

DETAILED DESCRIPTION

[0024] Referring to the drawings, wherein like reference
numbers refer to like components throughout the several
views, FIG. 1 shows a liquid trap assembly 10 that efficiently
drains liquid collected from vapor. The liquid trap assembly
10 can also be referred to as an active liquid drain. The liquid
trap assembly 10 has a housing 12. The housing 12 has a first
port, referred to as a vapor flow inlet 14 (shown in FIG. 2)
and a second port, referred to as a vapor flow outlet 16 in
fluid communication with an interior cavity 18 formed at
least in part by the housing 12. As shown in FIG. 2, the outlet
16 is formed by an upper cap 13 secured to the housing 12
with tabs 15 fit through tab retainers 17. Vapor flows from
the vapor flow inlet 14, through the cavity 18, to the vapor
flow outlet 16. Liquid entrained in the vapor flow is col-
lected in a liquid trap 20 formed by the housing 12 at the
bottom of the housing 12. A filter 19 extends across the
lowest portion of the trap 20. The outlet 16 can be replaced
by an outlet valve, or the housing 12 can have no outlet.

[0025] An end cap 23 is connected to the housing 12 in a
manner described herein. The housing 12 can be a one-piece,
molded plastic component. The end cap 23 can also be a
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one-piece, molded plastic component. Either or both of the
housing 12 and an end cap 23 described can have features
that promote separation of liquid and vapor, such as baffles
and ribs. As used herein, the end cap 23 is referred to as a
first component of the liquid trap assembly 10, and the
housing 12 is referred to as a second component of the liquid
trap assembly 10.

[0026] The liquid trap assembly 10 can be used in many
applications. In one application described herein, the liquid
trap assembly 10 is used in a fuel vapor recovery system 21
on a vehicle, shown schematically in FIG. 9. The vehicle can
be a diesel, gasoline, or hybrid application. Vapor is vented
from a fuel tank 22 that contains liquid fuel 93. The vapor
is vented through a vapor vent valve 26 that may provide
pressure relief, rollover shutoff, and other functions. Vapor
flows from the vapor vent valve 26 to the liquid trap
assembly 10 through the inlet 14 and exits through the outlet
16 to a vapor recovery device, such as a canister (C) 28 filled
with carbon granules. The canister 28 is periodically purged
to an engine (E) 30. The liquid trap assembly 10 is shown
mounted within the fuel tank 22. Alternatively, the liquid
trap assembly 10 can be external to the fuel tank 22.

[0027] Referring to FIG. 1, the housing 12 forms a first
opening 35 in a sidewall adjacent to the liquid trap 20. The
opening 35 is selectively closed by a check valve 36. Any
type of valve can be used to close the opening 35, or there
can be no valve at the opening 35. The check valve 36
includes a valve body 38 and a spring 40 that biases the
valve body 38 into the first opening 35 to close the opening
35 and separate the cavity 18 and liquid trap 20 from a valve
cavity 42 in which the spring 40 and valve body 38 are
movable, as described herein. When the check valve 36
closes the opening 35, it also prevents liquid from entering
or exiting the liquid trap 20 through the opening 35. The
valve body 38 is generally annular and has a generally
cone-shaped end that extends into the cavity 18. The spring
40 has a diameter that fits inside the generally annular valve
body 38. A valve body with a different shape can also be
used. For example, a ball valve may be used to close the
opening 35.

[0028] The liquid trap assembly 10 includes a jet pump
assembly 44. The jet pump assembly 44 includes a nozzle
carrier 46 and a venturi nozzle 48. The nozzle carrier 46 has
an entrance port 50 that extends through a generally annular
outer wall 55 of the nozzle carrier 46 in operative fluid
communication with the liquid trap 20, as best shown in
FIG. 1. That is, a lower extent 53 of the cavity 42 is in
communication with the entrance port 50. When the valve
36 opens, the spring 40 depresses, and the valve body 38 will
move past the lower extent 53 (to the left in FIG. 1) so that
the liquid trap 20 empties to the lower extent 53 and through
the entrance port 50 into a longitudinal passage 52 (shown
in FIG. 3) of the nozzle carrier 46. The longitudinal passage
52 extends completely through the nozzle carrier 46 as best
shown in FIGS. 3 and 7, and is larger in the carrier portion
54 than in the diffuser portion 58. The longitudinal passage
52 is in fluid communication with the entrance port 50. The
valve 36 is configured to prevent draining of the liquid trap
20 by the jet pump assembly 44 when a pressure differential
created by liquid flow through the venturi nozzle 48 is below
a predetermined level, and to allow fluid communication
between the jet pump assembly 44 and the liquid trap 20
when the pressure differential is above the predetermined
level. It should be appreciated, however, that the valve 36 is
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optional, and the jet pump assembly 44 could drain the
liquid trap 20 sufficiently if no valve 36 was present.
[0029] Flow through the venturi nozzle 48 induces drain-
ing of the liquid trap 20. As shown in FIG. 9, the jet pump
assembly 44 is connected by tubing 90, 94 to a fuel pump 92
submerged in the liquid fuel 93. The fuel pump 92 is also
connected to the engine 30 via fuel discharge tubing 94. Fuel
is discharged from the fuel pump 92 at relatively high
pressure through the fuel discharge tubing 94. The tubing 90
branches from the fuel discharge tubing 94, providing rela-
tively high pressure liquid fuel flow to an inlet portion 63 of
the housing 12 that is in fluid communication with an inlet
64 of the nozzle 48 indicated in FIG. 3.

[0030] Referring again to FIG. 1, fluid flowing out of the
nozzle 48 creates a vacuum or at least a relatively low
pressure area in the longitudinal passage 52 adjacent the
entrance port 50. Pressure is also reduced in the cavity 42
due to the vacuum or low pressure in the longitudinal
passage 52, creating a pressure differential across the valve
body 36, as pressure in the cavity 42 is lower than pressure
in the cavity 18. When the pressure differential reaches a
predetermined level such that a force created by the pressure
differential on the area of the valve body 38 exposed to the
cavity 18 is greater than the force keeping the check valve
36 shut (in this case the force of the spring 40), the valve
body 38 will move toward the end cap 23, compressing the
spring 40 and establishing fluid communication between the
liquid trap 20 and the entrance port 50. The jet pump
assembly 44 is a fuel discharge assembly that has the
propelling mechanism, due to the pressure differential and
jet action through the nozzle 48, to discharge liquid fuel in
the trap 20 to the fuel tank 22.

[0031] The jet pump assembly 44 utilizes high pressure
fluid from the fuel pump 92 which flows through the nozzle
48 with a high velocity. The flow through the nozzle 48 is
referred to as the primary flow or primary stream. The high
velocity fluid leaving the nozzle 48 creates a low pressure or
a vacuum in the area adjacent the nozzle 48, such as at the
entrance port 50. The pressure differential between the high
pressure fluid exiting the nozzle 48 and the lower extent 53
of the cavity 42 adjacent the nozzle 48 induces flow, such as
through the entrance port 50, referred to as an induced
stream or secondary flow.

[0032] Referring to FIG. 1, the jet pump assembly 44 has
an optional pressure reducer 61 located in the passage 57
formed by the inlet portion 63 of the housing 12, upstream
of the inlet 64 and the nozzle 48. The pressure reducer 61
can instead be located further upstream of the jet pump
assembly 44 such as in a vent line leading to the jet pump
assembly 44. The pressure reducer 61 reduces pressure and
volume flow rate of fluid flow through the inlet portion 63
to the nozzle 48, while increasing velocity of flow through
the nozzle 48.

[0033] A diffuser portion 58 of the nozzle carrier 46 is
shown in FIG. 3 supported by the housing 12. The longitu-
dinal passage 52 in the diffuser portion 58 is in fluid
communication with a diffuser passage 59 formed by an
outlet 65 of the housing 12 (best shown in FIG. 1) to increase
pressure and reduce velocity of the fluid. Many factors affect
the performance and efficiency of the jet pump assembly 44,
including fluid molecular weight, feed temperature, position
of the nozzle 48, throat dimension, motive velocity, Reyn-
olds number, pressure ratio, specific heat ratio, and the angle
between the motive and induced stream.
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[0034] The nozzle carrier 46 also has a carrier portion 54
extending from a first end 56 of the nozzle carrier 46 to the
entrance port 50. The diffuser portion 58 of the nozzle carrier
46 extends from the entrance port 50 to a second end 60 of
the nozzle carrier 46 opposite the first end 56. FIGS. 4 and
7 show that there are several additional ports 50A, 50B, 50C
that extend through the nozzle carrier 46, and are spaced
angularly about the nozzle carrier 46 in the vicinity of the
entrance port 50. A fourth entrance port 50 is opposite port
50C and between ports 50 and S0B. A filter 51 shown in FIG.
3 surrounds the nozzle carrier 46 at the port 50 to screen
liquid entering the port 50 from the trap 20. The nozzle
carrier 46 has a longitudinal center axis Al.

[0035] The venturi nozzle 48 has a body portion 62 with
an inlet 64, and a nozzle portion 66 with a nozzle tip 68
forming an outlet 70. The nozzle 48 also has a longitudinal
center axis A2. The nozzle carrier 46 and the venturi nozzle
48 are configured so that the body portion 62 fits to the
carrier portion 54 in the longitudinal passage 52, with the
nozzle portion 66 extending past the entrance port 50 so that
the nozzle tip 68 is directed into the diffuser portion 58. The
fit of the body portion 62 to the carrier portion 54 is a
press-fit. As shown in FIG. 5, the nozzle carrier 46 has
spaced, radially-inwardly extending ridges 47 extending into
the longitudinal passage 52 so that the body portion 62 of the
venturi nozzle 48 is fit to the carrier portion 54 of the nozzle
carrier 46 at the ridges 47.

[0036] The nozzle 48 is inserted into the longitudinal
passage 52 from the first end 56 until a first stepped shoulder
72 of the body portion 62 abuts an outer wall 55 of the
nozzle carrier 46 at the first end 56. In this position, a
predetermined clearance 71 exists between the tip 68 and the
inner wall of the diffuser portion 58 defining the passage 52.
[0037] Alignment of the longitudinal axis A2 of the ven-
turi nozzle 48 with the longitudinal axis Al of the nozzle
carrier 46 is dependent only on the nozzle carrier 46 and the
venturi nozzle 48 when the venturi nozzle 48 is fit to the
nozzle carrier 46 in this manner. More specifically, all other
surrounding components that support the jet pump assembly
44 are configured to have larger radial clearances between
the jet pump assembly 44 and the components than a
clearance 67 of the tight press-fit of the body portion 62 of
the nozzle 48 to the carrier portion 54 of the nozzle carrier
46. The axes Al, A2 remain substantially aligned under all
operating conditions due to the controlled clearance 67. For
example, in FIG. 3, the carrier portion 54 is supported by the
end cap 23 in a first cylindrical cavity 74 of the end cap 23.
A first clearance 76 between the end cap 23 and the carrier
portion 54 is much larger than the press-fit clearance 67 of
the nozzle body portion 62 to the carrier portion 54. A
clearance 73 between a first stepped portion 75 of the nozzle
48 and a cylindrical extension 77 of the end cap 23 is also
larger than the clearance 67 of the nozzle 48 to the nozzle
carrier 46. Finally, a second shoulder 79 of the nozzle 48
flares outward to form a second shoulder portion 81. A
clearance 83 between the second shoulder portion 81 and the
end cap 23 in the cavity 74 is larger than the press-fit
clearance 67 of the nozzle 48 to the nozzle carrier 46. A
resilient ring 85 stabilizes the second shoulder portion 81 on
the extension 77. A resilient O-ring seal 87 stabilizes the first
shoulder portion 75 on the extension 77.

[0038] The diffuser portion 58 of the nozzle carrier 46 is
press-fit to the housing 12 in a cylindrical cavity 78 of the
housing 12 along only a small press-fit portion 80 of an
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exterior surface 84 of the diffuser portion 58. In other words,
the radial clearance 82 between the diffuser portion 58 and
the housing 12 at the cavity 78 is greater in all other areas
than at the press-fit portion 80. The nozzle 48 can be a
machined, deep drawn metal in order to ensure the precise
press-fit clearance 67 of the nozzle 48 to the nozzle carrier
46. The nozzle carrier 46 can be a plastic injection-molded
component such as a glass-filled polyoxymethylene plastic
(POM) or similar grade with a predetermined low fuel-swell
performance in the presence of automotive fuel.

[0039] In an alternative embodiment of a jet pump assem-
bly 144 shown in FIG. 8, the nozzle carrier 146 can be
machined, deep drawn metal, and the nozzle 148 can be a
plastic injection molded component such as a glass-filled
POM or similar grade plastic with a predetermined low
fuel-swell performance in the presence of automotive fuel.
In still other embodiments, both the nozzle and the nozzle
carrier can be a deep drawn metal, or both can be injection-
molded plastic components.

[0040] The components of the jet pump assembly 44, the
end cap 23, and the housing 12 are configured so that the
clearances 67, 71, 73, 76, 82, 83 and other clearances are not
less than predetermined minimum clearances under a pre-
determined range of operating conditions that includes a
maximum fuel swell condition and a re-dry of the compo-
nents from the fuel swell condition. Under this configura-
tion, variations in the sizes of the radial clearances 67, 71,
73,76, 79, 82, 83 will not affect the relative fit of the nozzle
48 to the nozzle carrier 46. The assembled nozzle 48 and
nozzle carrier 46 will be able to move radially as a unit
relative to the end cap 23 and the housing 12, and to rotate
as a unit relative to the end cap 23 and the housing 12 about
the aligned longitudinal center axes A1, A2 without affecting
the alignment of the longitudinal axis Al of the nozzle
carrier 46 with the longitudinal axis A2 of the nozzle 48. If
the entire jet pump assembly 44 rotates as a unit, the
additional ports 50A, 50B, etc. will allow liquid to drain into
the longitudinal passage 52 as one will be in communication
with the lower extent 53 regardless of the position of the port
50 relative to the lower extent 53.

[0041] In order for the the nozzle 48 to remain sufficiently
axially aligned with the nozzle carrier 46 throughout the
range of operating conditions, a constant axial compressive
force should be maintained in the jet pump assembly 44.
Accordingly, the liquid trap assembly 10 provides a constant
tension snap-fit between a first component (i.e., the end cap
23) and a second component (i.e., the housing 12) to create
a constant axial compressive force on additional compo-
nents, such as a the nozzle 48 and the nozzle carrier 46,
supported by and between the first and second components
to prevent relative axial movement of the nozzle 48 and the
nozzle carrier 46. As best shown in FIGS. 2 and 18, the end
cap 23 has a first outer surface 100 and a plurality of spaced
extensions 102 and 102A extending outward from the first
outer surface 100. The first outer surface 100 is generally
cylindrical.

[0042] The housing 12 has a flexible rim 104 surrounding
and partially defining a cavity 105, indicated in FIG. 1. The
cavity 105 is configured to contain a portion of the end cap
23 when the end cap 23 is partially inserted into the cavity
105, and to contain the cavity 42 with spring 40 and check
valve 36. The flexible rim 104 is generally cylindrical and is
configured to surround the first outer surface 100 when the
end cap 23 is fit partially within the cavity 105. The flexible
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rim 104 is shown with discrete flap portions 106 in FIG. 2,
but could instead be continuous and unsectioned.

[0043] The flexible rim 104 has spaced recesses 108 that
have a spacing substantially equal to the spacing of the
extensions 102, 102A. The rim 104 flexes to surround the
end cap 23 and trap the extensions 102 in the recesses 108.
Although flexible, the rim 104 remains biased toward an
unflexed state when in the flexed state shown in FIG. 2. The
unflexed state is the position of the rim 104 when the end cap
23 is removed from the cavity 105. In the unflexed state, the
effective diameter of the rim 104 will be less than in the
flexed state. In other words, the flexible rim 104 is config-
ured with a material, such as a plastic, that has sufficient
stiffness to return to a pre-stressed or unflexed state when an
object or force causing the flexed state is removed. When
flexed, the flexible rim 104 provides a constant radially-
inward force F (i.e., a force toward the center axis A3 of the
flexible rim 104) as shown in FIG. 2. As shown in FIG. 18,
some of the extensions 102A have a center portion 109 that
interrupts the angled surfaces and acts as an anti-rotation
feature to prevent axial movement of the end cap 23 relative
to the housing 12. The end cap 23 and the housing 12 can be
the same material or a different material, such as the same or
different types of plastic that can swell and shrink in the
presence of fuel or other medium over the range of operating
conditions.

[0044] The extensions 102, 102A and the flexible rim 104
are configured so that the extensions 102, 102A will be
retained in the recesses 108 and will prevent the rim 104
from returning to the unflexed state over a predetermined
range of operating conditions experienced by the assembly
10 during use. As explained herein, the constant radially-
inward force F of the rim 104, illustrated at each flap portion
106 of FIG. 2, creates a force F1 at the interface of each
extension 102 with the rim 104 that pulls the housing 12
toward the end cap 23, and a reaction force F2 at the
interface of each extension 102, 102A with the rim 104 that
pushes the end cap 23 toward the housing 12. The forces F1,
F2 are maintained over the predetermined range of operating
conditions due to the bias of the rim 104 toward the unflexed
state. The force F1 and reaction force F2 are in opposite
directions, and are parallel with a center axis A3 of the end
cap 23 and flexible rim 104 shown in FIG. 1. The center axis
A3 is in turn parallel with the aligned axes Al, A2 of the
nozzle 48 and nozzle carrier 46.

[0045] FIGS. 12-14 show the interface of one of the
extensions 102 with the flexible rim 104 in greater detail,
and are representative of the interface of each of the exten-
sions 102, 102A with the rim 104. The extension 102 shown
is the lower extension of FIG. 11 but rotated in view to show
the extension 102 generally upright. The extension 102 has
a base 110 with a first width W1 at the outer surface 100 of
the end cap 23. The bottom of the extension 102 is the base
110. Each recess 108 has a second width W2 narrower than
the first width W1 to prevent the base 110 from fitting within
the recess 108 under the predetermined range of operating
conditions. In other words, the base 110 is configured to be
too wide to fit within the recess 108 under the entire range
of operating conditions, including swelling of the end cap 23
and housing 12 that can occur in the presence of fuel, and
re-drying of the end cap 23 and housing 12 after such
swelling. As shown in FIG. 12, the position of the rim 104
on the extension 102 is a nominal state representing oper-
ating conditions that are neither: (i) those causing a maxi-
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mum swell of components; nor (ii) those causing a minimum
size of the components, such as would occur without any
swelling after a re-dry.

[0046] FEach extension 102, 102A has a first angled surface
112 and a second angled surface 114 that each extend from
the outer surface 100 at opposite ends of the base 110 and
meet at a ridge 116. The first angled surface 112 has a first
portion 118 with a first incline relative to the base 110, and
a second portion 120 with a second incline relative to the
base 110. The first portion 118 extends from the base 110 to
the second portion 120, and the second portion 120 extends
from the first portion 118 to the ridge 116. The second
incline is steeper than the first incline. This is indicated in
FIG. 13 by a first angle of incline 61 of the first portion 118
being less than a second angle of incline 62 of the second
portion 120.

[0047] The extension 102 is configured so that an edge
122 of the flexible rim 104 at the recess 108 in which the
extension 102 is retained rests along the first angled surface
112 under the entire predetermined range of operating
conditions. An overall axial dimension X shown in FIG. 3 in
which the nozzle carrier 46 and nozzle 48 are constrained
changes as the nozzle carrier 46, end cap 23, and housing 12
swell due to fuel exposure and shrink due to re-drying after
exposure to fuel or other medium. Both the relative axial
dimensions of these components as well as the clearances
between the components change. For example, FIG. 13
represents the relative positions of the extension 102 and the
flexible rim 104 when nozzle carrier 46, end cap 23, and
housing 12 shrink due to re-drying after exposure to fuel or
other medium. FIG. 13 represents the minimum sizes of
these components under these predetermined operating con-
ditions. In that instance, because the axial dimension X is
likely to shrink, the extensions 102, 102A will be axially
closer to the recesses 108, there will be less tension between
the flexible rim 104 and the extensions 102, 102A, and the
edge 122 of the rim 104 will rest closer to the base 110 along
the surface 118 than under the first predetermined operating
condition of FIG. 12. Even under this operating condition,
however, the rim 104 is prevented from returning to an
unflexed state, and some force F1 and reaction force F2 is
maintained, also acting on the nozzle carrier 46 and nozzle
48 to keep these components form relative axial movement.
That is, the forces F1, F2 also act at the second end 60 of the
nozzle carrier 46 and the housing 12, and at the stepped
shoulder 72 and the nozzle 48, as shown in FIG. 3.

[0048] FIG. 14 represents the relative positions of the
extension 102 and the flexible rim 104 when the nozzle
carrier 46, end cap 23, and housing 12 swell due to exposure
to fuel or other medium. FIG. 14 represents the maximum
sizes of these components under all of the operating condi-
tions. In that instance, because the axial dimension X is
likely to be larger, the extensions 102, 102A will be axially
further from the recesses 108, there will be greater tension
between the flexible rim 104 and the extensions 102, 102A,
and the edge 122 of the rim 104 will rest further from the
base 110 along the surface 120. The rim 104 is prevented
from returning to an unflexed state, and a force F1 and
reaction force F2 is maintained, also acting on the nozzle
carrier 46 and nozzle 48 to keep these components from
relative axial movement.

[0049] FIGS. 15-17 show an alternate extension 202 that
can be used with other like spaced extensions on the end cap
23 to interface with the flexible rim 104 in a manner that will
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provide a constant tension and resultant axial force on the
nozzle carrier 46 and nozzle 48 under the predetermined
range of operating conditions. The extension 202 has a first
angled surface 212 and a second angled surface 214 both
extending from a base 210 and meeting at at ridge 216.
Unlike the extension 102, the first angled surface 212 does
not have different portions with different angles of incline
relative to the base 110.

[0050] FIG. 15 shows the rim 104 and extension 202 in a
nominal state in which the edge 122 of the rim 104 at the
recess 108 interfaces with the first angled surface 212. The
rim 104 is prevented from returning to an unflexed state, and
some force F1 and reaction force F2 is maintained at each
extension 202, also acting on the nozzle carrier 46 and
nozzle 48 to keep these components from relative axial
movement.

[0051] FIG. 16 represents the relative positions of the
extension 202 and the flexible rim 104 when the nozzle
carrier 46, end cap 23, and housing 12 shrink due to
re-drying after exposure to fuel or other medium. FIG. 16
represents the minimum sizes of these components under all
of the operating conditions. In that instance, because the
axial dimension X of FIG. 3 is likely to be smaller, the
extensions 202 will be axially closer to the recesses 108,
there will be less tension between the flexible rim 104 and
the extensions 202, and the edge 122 of the rim 104 will rest
closer to the base 210 along the surface 212. Even under this
operating condition, the rim 104 is prevented from returning
to an unflexed state, and a force F1 and reaction force F2 are
maintained, also acting on the nozzle carrier 46 and nozzle
48 to keep these components from relative axial movement.
[0052] FIG. 17 represents the relative positions of the
extension 202 and the flexible rim 104 when the nozzle
carrier 46, end cap 23, and housing 12 swell due to exposure
to fuel or other medium. FIG. 17 represents the maximum
sizes of these components under all of the operating condi-
tions. In that instance, because the axial dimension X of FIG.
3 is likely to be larger, the extensions 202 will be axially
further from the recesses 108, there will be greater tension
between the flexible rim 104 and the extensions 202, and the
edge 122 of the rim 104 will rest further from the base 210
along the surface 212. The rim 104 is prevented from
returning to an unflexed state, and a force F1 and reaction
force F2 are maintained, also acting on the nozzle carrier 46
and nozzle 48 to keep these components from relative axial
movement.

[0053] The constant tension snap-fit ability of the exten-
sions 102 or 202 on a first component (such as a housing 12)
and recesses 108 on a second component (such as an end cap
23) could be used in other applications. In other words, an
assembly other than a liquid trap assembly having the
extensions and recesses with a constant tension snap-fit as
described could be used to provide requisite constant axial
force on other components requiring no relative axial move-
ment.

[0054] The reference numbers used in the drawings and
the specification along with the corresponding components
are as follows:

[0055] 10 liquid trap assembly

[0056] 12 housing/second component
[0057] 13 upper cap

[0058] 14 first port/vapor flow inlet
[0059] 15 tab

[0060] 16 second port/vapor flow outlet

[0061]
[0062]
[0063]
[0064]
[0065]
[0066]
[0067]
[0068]
[0069]
[0070]
[0071]
[0072]
[0073]
[0074]
[0075]
[0076]
[0077]
[0078]
[0079]
[0080]
[0081]
[0082]
[0083]
[0084]
[0085]
[0086]
[0087]
[0088]
[0089]
[0090]
[0091]
[0092]
[0093]
[0094]
[0095]
[0096]
[0097]
[0098]
[0099]
[0100]
[0101]
[0102]
[0103]
[0104]
[0105]
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17 tab retainer

18 interior cavity

19 filter

20 liquid trap

21 fuel vapor recovery system

22 fuel tank

23 end cap/first component

26 vapor vent valve

28 canister (C)

30 engine (E)

35 first opening of housing 12

36 check valve

38 valve body

40 spring

42 valve cavity

44 jet pump assembly

46 nozzle carrier

47 ridges

48 venturi nozzle

50 entrance port

50A entrance port

50B entrance port

50C entrance port

51 filter

52 longitudinal passage of nozzle carrier
53 lower extent of cavity 42

54 carrier portion

55 wall

56 first end of nozzle carrier 46
57 passage

58 diffuser portion

59 diffuser passage

60 second end of nozzle carrier 46
61 reducer

62 body portion of nozzle 48

63 inlet portion of housing 12

64 inlet of nozzle 48

65 outlet of housing 12

66 nozzle portion

67 clearance of nozzle 48 to carrier portion 54
68 nozzle tip

70 outlet of nozzle 48

71 predetermined clearance

72 first stepped shoulder of body portion
73 clearance first stepped portion 75 and cylin-

drical extension 77

[0106] 74 first cylindrical cavity of end cap

[0107] 75 first stepped portion of nozzle 48

[0108] 76 first clearance of end cap 23 to carrier portion
54

[0109] 77 cylindrical extension of end cap

[0110] 78 cylindrical cavity of housing 12

[0111] 79 second shoulder of nozzle 48

[0112] 80 press-fit portion

[0113] 81 second shoulder portion

[0114] 82 radial clearance of diffuser portion 58 and
housing 12

[0115] 83 clearance second shoulder portion 81 to end
cap 23

[0116] 84 exterior surface of diffuser portion 58

[0117] 85 resilient ring

[0118] 87 O-ring seal

[0119] 90 tubing

[0120] 92 fuel pump (P)
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[0121] 93 liquid fuel
[0122] 94 fuel discharge tubing
[0123] 100 first outer surface of end cap 23
[0124] 102 extensions of end cap 23
[0125] 102A extensions of end cap 23
[0126] 104 flexible rim of housing 12
[0127] 105 cavity of housing 12
[0128] 106 flap portions of rim
[0129] 108 recesses in rim
[0130] 109 center portion of extension 102A
[0131] 110 base of extension 102
[0132] 112 first angled surface
[0133] 114 second angled surface
[0134] 116 ridge
[0135] 118 first portion of first angled surface
[0136] 120 second portion of second angled surface
[0137] 122 edge of rim 104
[0138] 146 nozzle carrier
[0139] 148 nozzle
[0140] 202 extension
[0141] 210 base
[0142] 212 first angled surface
[0143] 214 second angled surface
[0144] 216 ridge
[0145] A1 longitudinal center axis of nozzle carrier 48
[0146] A2 longitudinal center axis of nozzle 48
[0147] A3 center axis of rim 104 and end cap 13
[0148] C canister
[0149] E engine
[0150] F force of rim
[0151] F1 force of extension 102 on rim 104
[0152] F2 reaction force of rim on extension
[0153] P pump
[0154] X axial dimension
[0155] W1 first width of base
[0156] W2 width of recess
[0157] 61 first angle of incline
[0158] 062 second angle of incline
[0159] While the best modes for carrying out the many

aspects of the present teachings have been described in
detail, those familiar with the art to which these teachings
relate will recognize various alternative aspects for practic-
ing the present teachings that are within the scope of the
appended claims.

1. A jet pump assembly comprising:

a unitary nozzle carrier having a wall with an entrance
port; wherein the nozzle carrier has a longitudinal
passage extending through the nozzle carrier and in
fluid communication with the entrance port;

a unitary venturi nozzle having an inlet and a nozzle tip
forming an outlet;

wherein the venturi nozzle is configured to fit to the
nozzle carrier in the longitudinal passage so that align-
ment of a longitudinal axis of the nozzle with a longi-
tudinal axis of the venturi nozzle is affected only by the
fit of the nozzle carrier to the venturi nozzle; and
wherein the nozzle tip extends past the entrance port
and is in fluid communication with the entrance port
when the venturi nozzle is fit to the nozzle carrier.

2. The jet pump assembly of claim 1, wherein the venturi

nozzle has a first stepped shoulder configured to abut an
outer end surface of the nozzle carrier when the venturi
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nozzle is fit to the carrier portion in the longitudinal passage
so that a clearance exists between the nozzle tip and the
nozzle carrier.

3. The jet pump assembly of claim 2, wherein the venturi
nozzle has a second stepped shoulder remote from the
nozzle carrier when the first stepped shoulder abuts the outer
end surface; and

a seal received on the second stepped shoulder.

4. The jet pump assembly of claim 3, further comprising:

a resilient member positioned inside of the nozzle at the
second stepped shoulder.

5. The jet pump assembly of claim 1, wherein the nozzle
carrier has spaced ridges extending into the longitudinal
passage so that the venturi nozzle is fit to the nozzle carrier
at the ridges.

6. The jet pump assembly of claim 1, wherein the entrance
port is a first entrance port, and further comprising:

an additional entrance port extending through the nozzle
carrier in fluid communication with the longitudinal
passage, and spaced angularly from the first entrance
port.

7. The jet pump assembly of claim 1, in combination with

a housing forming a liquid trap and an end cap closing one
end of the housing; wherein the entrance port is in operative
fluid communication with the liquid trap; and

wherein the nozzle carrier is supported by both the
housing and the end cap.

8. The jet pump assembly in combination with the hous-
ing and end cap of claim 7, wherein a first clearance is
defined between the nozzle carrier and the end cap under a
predetermined range of operating conditions; and

wherein the nozzle carrier and the housing are configured
to have a press-fit along only a portion of an exterior
surface of the nozzle carrier under the predetermined
range of operating conditions; the nozzle carrier and the
nozzle thereby being movable as a unit relative to the
end cap and the housing within the first clearance
without affecting the alignment of the longitudinal axis
of the nozzle carrier with the longitudinal axis of the
nozzle.

9. The jet pump assembly of claim 7, wherein the end cap
has a first outer surface and a plurality of spaced extensions
extending outward from the first outer surface;

wherein the housing has a flexible rim surrounding a
cavity; wherein the rim has spaced recesses; wherein
the rim is biased toward an unflexed state when in a
flexed state;

wherein the end cap is configured to fit at least partially
into the cavity with the rim flexing to surround the end
cap and trap the extensions in the recesses; tension of
the flexed rim maintaining a constant axial compression
force on the nozzle and nozzle carrier.

10. A jet pump assembly comprising:

a nozzle carrier having an entrance port; wherein the
nozzle carrier has a longitudinal passage extending
through the nozzle carrier and in fluid communication
with the entrance port; wherein the nozzle carrier has a
carrier portion extending from a first end to the
entrance port, and a diffuser portion extending from the
entrance port to a second end opposite the first end;

a venturi nozzle having a body portion with an inlet, and
a nozzle portion with a nozzle tip forming an outlet;

wherein the body portion is configured to fit to the carrier
portion in the longitudinal passage so that alignment of
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a longitudinal axis of the venturi nozzle with a longi-
tudinal axis of the nozzle carrier is dependent only on
the carrier portion and the venturi nozzle; and wherein
the nozzle portion extends past the entrance port with
the nozzle tip directed into the diffuser portion when the
body portion is fit to the carrier portion.

11. The jet pump assembly of claim 10, wherein the
venturi nozzle has a first stepped shoulder configured to abut
an outer end surface of the nozzle carrier at the first end
when the body portion is fit to the carrier portion in the
longitudinal passage so that a predetermined clearance exists
between the nozzle tip and the diffuser portion.

12. The jet pump assembly of claim 10, wherein the
carrier portion has spaced ridges extending into the longi-
tudinal passage so that the body portion of the venturi nozzle
is fit to the carrier portion at the ridges.

13. The jet pump assembly of claim 10, wherein the
entrance port is a first entrance port, and further comprising:

an additional entrance port extending through the nozzle
carrier in fluid communication with the longitudinal
passage, and spaced angularly from the first entrance
port.

14. The jet pump assembly of claim 10, in combination
with a housing forming a liquid trap and an end cap closing
one end of the housing; wherein the entrance port is in
operative fluid communication with the liquid trap; and

wherein the diffuser portion is supported by the housing
and the carrier portion is supported by the end cap.

15. The jet pump assembly in combination with the
housing and end cap of claim 14, wherein a first clearance
is defined between the carrier portion and the end cap under
a predetermined range of operating conditions; and

wherein the diffuser portion and the housing are config-
ured to have a press-fit along only a portion of an
exterior surface of the diffuser portion under the pre-
determined range of operating conditions; the nozzle
carrier and the nozzle thereby being movable as a unit
relative to the end cap and the housing within the first
clearance without affecting the alignment of the longi-
tudinal axis of the nozzle carrier with the longitudinal
axis of the nozzle.
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16. A jet pump assembly comprising:

a unitary nozzle carrier having a wall with a first entrance
port; wherein the nozzle carrier has a longitudinal
passage extending through the nozzle carrier and in
fluid communication with the first entrance port;
wherein the wall has an additional entrance port
extending through the nozzle carrier in fluid commu-
nication with the longitudinal passage, and spaced
angularly from the first entrance port;

a unitary venturi nozzle having an inlet and a nozzle tip
forming an outlet;

wherein the venturi nozzle is configured to fit to the
nozzle carrier in the longitudinal passage so that align-
ment of a longitudinal axis of the nozzle with a longi-
tudinal axis of the venturi nozzle is affected only by the
fit of the nozzle carrier to the venturi nozzle; wherein
the nozzle tip extends past the first entrance port and is
in fluid communication with the entrance port when the
venturi nozzle is fit to the nozzle carrier; and

wherein the venturi nozzle has a first stepped shoulder
configured to abut an outer end surface of the nozzle
carrier when the venturi nozzle is fit to the carrier
portion in the longitudinal passage so that a clearance
exists between the nozzle tip and the nozzle carrier.

17. The jet pump assembly of claim 16, wherein the
nozzle carrier has spaced ridges extending into the longitu-
dinal passage so that the venturi nozzle is fit to the nozzle
carrier at the ridges.

18. The jet pump assembly of claim 16, wherein the
venturi nozzle has a second stepped shoulder remote from
the nozzle carrier when the first stepped shoulder abuts the
outer end surface; and

a seal received on the second stepped shoulder.

19. The jet pump assembly of claim 18, further compris-
ing:

a resilient member positioned inside of the nozzle at the

second stepped shoulder.

20. The jet pump assembly of claim 16, in combination
with a housing forming a liquid trap and an end cap closing
one end of the housing; wherein the entrance port is in
operative fluid communication with the liquid trap; and

wherein the diffuser portion is supported by the housing
and the carrier portion is supported by the end cap.
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