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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of India Pro-
visional Patent Application Serial No. 202011016130,
filed on April 14, 2020, the disclosure of which is hereby
incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure generally relates to jet
pumps, including jet pumps that may be utilized in con-
nection with aircraft fuel transfer/scavenge pumps,
oil/gas pumps, water pumps, chemical injectors, thermal
management systems, and/or nuclear reactor pumps,
among others.

BACKGROUND

[0003] This background description is set forth below
for the purpose of providing context only. Therefore, any
aspect of this background description, to the extent that
it does not otherwise qualify as prior art, is neither ex-
pressly nor impliedly admitted as prior art against the
instant disclosure.

[0004] Some existing jet pump designs are not efficient
and/or require large power inputs.

[0005] There is a desire for solutions/options that min-
imize or eliminate one or more challenges or shortcom-
ings of jet pumps. The foregoing discussion is intended
only to illustrate examples of the present field and is not
a disavowal of scope.

BRIEF SUMMARY

[0006] Inembodiments, ajet pump may include a body
that may include an inlet portion having a motive portand
a firstinduce port, a throat, a tapered wall connecting the
inlet portion with the throat, a discharge port, and/or a
diffuser connecting the throat and the discharge port. The
tapered wall may, for example and without limitation, in-
clude a converging angle of about 5 degrees.

[0007] The foregoing and other potential aspects, fea-
tures, details, utilities, and/or advantages of exam-
ples/embodiments of the present disclosure will be ap-
parent from reading the following description, and from
reviewing the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] While the claims are not limited to a specific
illustration, an appreciation of various aspects may be
gained through a discussion of various examples. The
drawings are not necessarily to scale, and certain fea-
tures may be exaggerated or hidden to better illustrate
and explain an innovative aspect of an example. Further,
the exemplary illustrations described herein are not ex-
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haustive or otherwise limiting, and are not restricted to
the precise form and configuration shown in the drawings
or disclosed in the following detailed description. Exem-
plary illustrations are described in detail by referring to
the drawings as follows:

FIG. 1 is a cross-sectional view generally illustrating
an embodiment of a jet pump according to teachings
of the present disclosure.

FIG. 2 is a cross-sectional view generally illustrating
portions of an embodiment of a jet pump and the
velocity of fluid therein according to teachings of the
present disclosure.

FIG. 3 is a cross-sectional and graphical view gen-
erally illustrating fluid total pressure in a plurality of
locations of an embodiment of a jet pump according
to teachings of the present disclosure.

FIG. 4 is a graphical view of efficiency relative to a
flow ratio of induced flow rate to motive flow rate
associated with an embodiment of a jet pump ac-
cording to teachings of the present disclosure.

FIG. 5 is a cross-sectional view generally illustrating
an embodiment of a jet pump according to teachings
of the present disclosure.

FIG. 6 is a cross-sectional view generally illustrating
portions of an embodiment of a jet pump and the
velocity of fluid therein according to teachings of the
present disclosure.

FIG. 7 is a graphical view of efficiency relative to a
flow ratio of induced flow rate to motive flow rate
associated with an embodiment of a jet pump ac-
cording to teachings of the present disclosure.

DETAILED DESCRIPTION

[0009] Reference willnow be made in detail to embod-
iments of the present disclosure, examples of which are
described herein and illustrated in the accompanying
drawings. While the present disclosure will be described
in conjunction with embodiments and/or examples, they
do not limit the present disclosure to these embodiments
and/or examples. On the contrary, the present disclosure
covers alternatives, modifications, and equivalents.

[0010] In embodiments, such as generally illustrated
in FIG. 1, a jet pump 100 may include a body 102 that
may include a generally cylindrical and/or elongated con-
figuration. The body 102 may include an inlet portion 104,
an outlet/discharge port 110, a throat 112, and/or a dif-
fuser 114. The inlet portion 104 may include afirstinduce
port 106, a motive port 108, and/or a first nozzle 118.
The throat 112 may be connected to an output of the inlet
portion 104 and and/or an input of the diffuser 114. The
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diffuser 114 may be connected to an output of the throat
112 and/or an input of the discharge port 110. For exam-
ple and without limitation, the body 102 may be config-
ured for fluid to flow from the inlet portion 104 to the throat
112, from the throat 112 to the diffuser 114, and/or from
the diffuser 114 to the discharge port 110.

[0011] With embodiments, a motive flow 126 (e.g., flu-
id, pressurized fuel, etc.) may be provided to the motive
port 108, such as from a fluid source 140 (e.g., a fluid
pump, tank, etc.). As the motive flow 126 moves through
the motive port 108 and into the first nozzle 118, the mo-
tive flow 126 may speed up and the pressure of the motive
flow 126 may decrease (e.g., the Venturi effect). The de-
crease in pressure may create a vacuum or reduced pres-
sure area in the body 102, which may draw additional
fluid (e.g., a first induced flow 128) into the first induce
port 106, such as from a tank or reservoir 142. In em-
bodiments, such as generally illustrated in FIG. 2, the
firstinducted flow 128 may flow around the outside of the
first nozzle 118 toward a converging or tapered wall 120
of the body 102, where the first induced flow 128 may
mix with the motive flow 126. The tapered wall 120 may,
for example, at least partially define a mixing chamber
for the motive flow 126 and the first induced flow 128.
The tapered wall 120 may include a converging angle
122. The converging angle 122 may be configured to
maximize a contact area between the motive flow 126
and the firstinduced flow 128, which may facilitate effec-
tive mixing. As generally illustrated in FIG. 3, in an ex-
ample, a total pressure drop may, for example and with-
out limitation, be about 14.7 percent up to plane 6, which
may indicate a low expansion loss associated with an
embodiment of a jet pump 100. The converging angle
122 may, for example and without limitation, be about 0
degrees to about 10 degrees, such as about 5 degrees
and/or about 5.3 degrees.

[0012] With embodiments, an end/outlet of the first
nozzle 118 may be at least partially aligned with the ta-
pered wall 120 such that the motive flow 126 from the
motive port 108 out of the first nozzle 118 mixes with the
firstinduced flow 128 from the first induce port 106 prox-
imate the tapered wall 120.

[0013] Inembodiments, an efficiency of a jet pump 100
may correspond to the product of a flow ratio and a pres-
sure ratio. The flow ratio may correspond to an induced
flow rate divided by motive flow rate. The pressure ratio
may correspond to a difference between a discharge total
pressure and an induced total pressure divided by a dif-
ference between a motive total pressure and discharge
total pressure.

[0014] Embodiments of a jet pump 100 may limit flow
mixing losses, friction losses, and/or jet losses, which
may provide embodiments of a jet pump 100 with im-
proved performance relative to other designs.

[0015] With embodiments ofajetpump 100, adistance
between an end of the first nozzle 118 and the start of
the throat 112 and a throat diameter may be configured
to optimize efficiency. For example and withoutlimitation,
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the distance may be about two to four times greater than
the throat diameter.

[0016] In embodiments of a jet pump 100, the tapered
wall 120 may be curved. The curvature of the tapered
wall 120 may be relative smooth such that a radius of
curvature divided by the throat diameter may be about
60 to 80, such as about 73. Providing a relatively smooth
curvature may limit sudden contraction loss and/or the
Coanda effect.

[0017] With embodiments of a jet pump 100, a ratio of
the nozzle area to the throat area may be configured to
optimize efficiency. For example and without limitation,
the ratio may be about 0.24 to about 0.25, such as about
0.246.

[0018] In embodiments, the throat 112 may be config-
ured to optimize flow mixing, which may include the
length of the throat 112 being longer than a diameter of
the throat 112. For example and without limitation, the
length of the throat 112 maybe at least about 7 times
greater (e.g., 7.58 times greater) than the diameter of the
throat 112. The diameter of the throat 112 may be sub-
stantially constant and/or the throat 112 may be substan-
tially straight.

[0019] With embodiments, the diffuser 114 may be
connected to an end of the throat 112 and may be con-
figured for static pressure recovery. The diameter of the
diffuser 114 may increase from the throat 112 toward the
discharge port 110.

[0020] In embodiments, such as generally illustrated
in FIG. 5, a body 102 of a jet pump 100 may include a
motive port 108, a firstinduce port 106, a second induce
port 116, a first nozzle 118, and/or a second nozzle 124.
The motive port 108, the first induce port 106, and/or the
second induce port 116, the first nozzle 118, and/or the
second nozzle 124 may be disposed substantially con-
centrically. The second induce port 116 may include a
greater outer diameter than the first induce port 106,
which may include a greater outer diameter than the mo-
tive port 108. The first nozzle 118 may be connected for
fluid communication with the motive port 108. The second
nozzle 124 may be connected for fluid communication
with the first induce port 106. The first nozzle 118 may
include a smaller minimum diameter than the motive port
108. The second nozzle 124 may include a smaller min-
imum diameter than the first induce port 106. The mini-
mum diameters of the first nozzle 118 and the second
nozzle 124 may, for example and without limitation, be
substantially equal.

[0021] Withembodiments, the firstinduce port 106 and
the second induce port 116 may be configured such that
upon a reduction of fluid pressure in the body 102 (e.g.,
at the motive flow 126 speeds up), a first induced flow
128 may move into the first induce port 106 and a second
induced flow 130 may move into the second induce port
116. The first induced flow 128 may move around the
first nozzle 118 to mix with the motive flow 126. The sec-
ond induced flow 130 may move around the second noz-
zle 124 to mix with the motive flow 126 and/or the first
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induced flow 128. With embodiments, a junction 134 be-
tween the inlet portion 104 and the throat 112 may be
smooth and/or rounded, such as to minimize losses.
[0022] Inembodiments, the second nozzle 124 (and/or
an end thereof) may be offset from the first nozzle in an
axial direction. With such a configuration, the firstinduced
flow 128 may mix with the motive flow 126 in a first mixing
area 136 upstream and/or before the second induced
flow 130 mixes with the motive flow 126 in a second mix-
ing area 138 (e.g., stepped mixing). Stepped mixing may
facilitate effective mixing and/or lower mixing losses.
[0023] With embodiments, the ratio of the area of the
first nozzle 118 to the area of the second nozzle 124 may
be optimized for efficiency. For example and without lim-
itation, the ratio may be about 0.35 to about 0.45, such
as about 0.41. In embodiments, the distance between
the first nozzle 118 and the second nozzle 124 (e.g., in
an axial direction) may be optimized. For example and
without limitation, a ratio of the distance between the first
nozzle 118 and the second nozzle 124 relative to the
diameter of the first nozzle 118 may be about 2.0 to about
4.0, such as about 2.4 to 3.3.

[0024] Inembodiments, aninner surface of the second
nozzle 124 may function as a mixing wall for the motive
flow 126 and the firstinduced flow 128. The inner surface
of the second nozzle 124 may be tapered and/or curved,
and may, for example and without limitation, include a
second converging angle 132 of about 8 degrees to about
9 degrees, such as about 8.4 degrees, which may max-
imize efficiency, at least in some circumstances. The ta-
pered wall 120 may function as a mixing wall for the mixed
motive flow 126 and first induced flow 128 mixing with
the second induced flow 130. The converging angle 122
may, for example and without limitation, be about 18 de-
grees to about 19 degrees, such as about 18.5 degrees,
which may maximize efficiency, at least in some circum-
stances.

[0025] With embodiments, a distance between the
second nozzle 124 and the throat 112 and/or the throat
diameter may be optimized for efficiency. For example
and without limitation, a ratio of the distance between the
second nozzle 124 and the start of the throat 112 relative
to the throat diameter may be about 1 to about 2, such
as about 1.4.

[0026] In embodiments, an area of the first nozzle 118
and/or an area of the throat 112 may be optimized for
efficiency. For example and without limitation, a ratio of
the area of the first nozzle 118 to the area of the throat
112 may be about 0.26 to about 0.27, such as about
0.263.

[0027] With embodiments, the throatlength and/or the
throat diameter may be optimized for efficiency. For ex-
ample and without limitation, a ratio of the throat length
relative to the throat diameter may be at least about 5,
such as at least about 5.3.

[0028] With embodiments, ajet pump 100 may provide
an efficiency of about 34 percent, which may be about
12-14 percent more efficient than other designs that may
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provide an efficiency of about 20-20 percent. Efficiency
of embodiments of a jet pump 100 (e.g., with a single-
induce port configuration of FIG. 1) may, for example and
without limitation, be maximized when a ratio of induced
flow rate to motive flow rate is about 1 to about 1.4, such
as about 1.2 (see, e.g., FIG. 4). Additionally or alterna-
tively, efficiency of embodiments of a jet pump 100 (e.g.,
with a dual-induce port configuration of FIG. 5) may, for
example and without limitation, be maximized when a
ratio of induced flow rate to motive flow rate is about 0.9
to about 1.1, such as about 0.95 (see, e.g., FIG. 7). Em-
bodiments of a jet pump 100 may be configured for use
with a wide range of fluids, including liquids and gasses.
In contrast, ejectors may be configured only for gas-
ses/air.

[0029] In embodiments, a jet pump 100 may, for ex-
ample and without limitation, be manufactured via addi-
tive manufacturing (e.g., 3D printing).

[0030] Various examples/embodiments are described
herein for various apparatuses, systems, and/or meth-
ods. Numerous specific details are set forth to provide a
thorough understanding of the overall structure, function,
manufacture, and use of the examples/embodiments as
described in the specification and illustrated in the ac-
companying drawings. It will be understood by those
skilled in the art, however, that the examples/embodi-
ments may be practiced without such specific details. In
other instances, well-known operations, components,
and elements have not been described in detail so as
not to obscure the examples/embodiments described in
the specification. Those of ordinary skill in the art will
understand that the examples/embodiments described
and illustrated herein are non-limiting examples, and thus
it can be appreciated that the specific structural and func-
tional details disclosed herein may be representative and
do not necessarily limit the scope of the embodiments.
[0031] Reference throughout the specification to
"examples, "in examples," "with examples," "various
embodiments," "with embodiments," "in
embodiments," or "an embodiment," or the like, means
that a particular feature, structure, or characteristic de-
scribed in connection with the example/embodiment is
included in atleast one embodiment. Thus, appearances
of the phrases "examples, "in examples," "with exam-
ples," "in various embodiments," "with embodiments," "in
embodiments," or "an embodiment," or the like, in places
throughout the specification are not necessarily all refer-
ring to the same embodiment. Furthermore, the particular
features, structures, or characteristics may be combined
in any suitable manner in one or more examples/embod-
iments. Thus, the particular features, structures, or char-
acteristics illustrated or described in connection with one
embodiment/example may be combined, in whole or in
part, with the features, structures, functions, and/or char-
acteristics of one or more other embodiments/examples
without limitation given that such combination is not il-
logical or non-functional. Moreover, many modifications
may be made to adapt a particular situation or material
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to the teachings of the present disclosure without depart-
ing from the scope thereof.

[0032] Itshould be understood that references to a sin-
gle element are not necessarily so limited and may in-
clude one or more of such element. Any directional ref-
erences (e.g., plus, minus, upper, lower, upward, down-
ward, left, right, leftward, rightward, top, bottom, above,
below, vertical, horizontal, clockwise, and counterclock-
wise) are only used for identification purposes to aid the
reader’s understanding of the present disclosure, and do
not create limitations, particularly as to the position, ori-
entation, or use of examples/embodiments.

[0033] Joinder references (e.g., attached, coupled,
connected, and the like) are to be construed broadly and
may include intermediate members between a connec-
tion of elements and relative movement between ele-
ments. As such, joinder references do not necessarily
imply that two elements are directly connected/coupled
and in fixed relation to each other. The use of "e.g." in
the specification is to be construed broadly and is used
to provide non-limiting examples of embodiments of the
disclosure, and the disclosure is not limited to such ex-
amples. Uses of "and" and "or" are to be construed broad-
ly (e.g., to be treated as "and/or"). For example and with-
out limitation, uses of "and" do not necessarily require all
elements or features listed, and uses of "or" are inclusive
unless such a construction would be illogical.

[0034] While processes, systems, and methods may
be described herein in connection with one or more steps
in a particular sequence, it should be understood that
such methods may be practiced with the steps in a dif-
ferent order, with certain steps performed simultaneous-
ly, with additional steps, and/or with certain described
steps omitted.

[0035] All matter contained in the above description or
shown inthe accompanying drawings shallbe interpreted
as illustrative only and not limiting. Changes in detail or
structure may be made without departing from the
present disclosure.

Claims

1. Ajet pump, comprising:
a body, including:

aninlet portion including a motive port and a first
induce port;

a throat;

a tapered wall connecting the inlet portion with
the throat;

a discharge port; and

a diffuser connecting the throat and the dis-
charge port.

2. The jet pump of claim 1, wherein the tapered wall
includes a converging angle of about 5 degrees.
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3.

10.

The jet pump of claim 1, wherein the inlet portion
includes a first nozzle.

The jet pump of claim 3, wherein an outlet or end of
the first nozzle is at least partially aligned with the
tapered wall such that a motive flow flowing from the
motive port out of the first nozzle mixes with an in-
duced flow from the first induce port proximate the
tapered wall.

The jet pump of claim 4, wherein the motive port and
the first induce port are disposed substantially con-
centrically and the firstinduce portincludes a greater
outer diameter than the motive port.

The jet pump of claim 1, wherein the inlet portion
includes a first nozzle, a second induce port and a
second nozzle.

The jet pump of claim 6, wherein the motive port, the
firstinduce port, and the second induce port are dis-
posed substantially concentrically.

The jet pump of claim 7, wherein the second induce
port includes a greater outer diameter than the mo-
tive port and the first induce port.

The jet pump of claim 8, wherein the first nozzle is
offset in an axial direction from the second nozzle.

The jet pump of claim 6, wherein the tapered wall
includes a converging angle and the second nozzle
includes a second converging angle.
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