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(57) ABSTRACT

A liquid propellant rocket engine includes a pump that is
disposed along a central axis. The pump includes a purge
system, a collection annulus in fluid communication with the
purge system, and a drain. The collection annulus has an
outer diameter wall, an inner diameter wall, and an end wall.
The end wall defines an annular channel that has a channel
depth that varies circumferentially. The drain opens to the
collection annulus. At the drain, the annular channel has a
lowest point at which the channel depth is maximum depth.
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LIQUID PROPELLANT ROCKET ENGINE
TURBOPUMP DRAIN

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present disclosure claims priority to U.S. Pro-
visional Patent Application No. 62/368,480, filed Jul. 29,
2016.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] This invention was made with government support
under contract number FA8811-16-9-0003 awarded by the
United States Air Force. The government has certain rights
in the invention.

BACKGROUND

[0003] Turbopumps for liquid propellant rocket engines
may have a fuel pump side and an oxidizer pump side. A
purge system is used between the pump sides as a seal. The
purge system utilizes a high pressure vapor as a barrier to
leakage. The high pressure vapor may flush fuel that escapes
from the fuel pump side into a collection region in the
turbopump and then through a drain to a fuel return line.
Residual fuel may become entrapped in or around the
collection region.

[0004] Such rocket engines are used in a vertical orienta-
tion but may be horizontal during storage or transport. The
entrapped residual fuel may be temporarily freed when the
engine is tilted from vertical to horizontal. However, in order
to ensure draining of the fuel from the collection region
when in a horizontal orientation, a high number of drains
might be needed around the circumference of the collection
region.

SUMMARY

[0005] A liquid propellant rocket engine according to an
example of the present disclosure includes a pump disposed
along a central axis. The pump has a purge system, and a
collection annulus in fluid communication with the purge
system. The collection annulus has an outer diameter wall,
an inner diameter wall, and an axial end wall. The axial end
wall has a variable depth channel that varies circumferen-
tially, and a drain that fluidly couples with the collection
annulus. The variable depth channel has a maximum depth.
[0006] In a further embodiment of any of the foregoing
embodiments, the collection annulus is radially outwards of
the purge system and axially offset from the purge system.
[0007] In a further embodiment of any of the foregoing
embodiments, the annular channel has a channel width that
varies circumferentially.

[0008] In a further embodiment of any of the foregoing
embodiments, the channel width has a maximum width at
the drain.

[0009] A liquid propellant rocket engine according to an
example of the present disclosure includes a pump disposed
along a central axis. The pump has a purge system, and a
collection annulus in fluid communication with the purge
system. The collection annulus has an outer diameter wall,
an inner diameter wall, and an end wall. The end wall defines
an annular channel, and a drain that opens at the end wall of
the collection annulus.
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[0010] In a further embodiment of any of the foregoing
embodiments, the drain extends along a central drain axis,
and the central drain axis slopes with respect to the central
axis of the pump.

[0011] In a further embodiment of any of the foregoing
embodiments, the drain extends along a central drain axis
and has first and second legs, and the central drain axis is
parallel to the central axis of the pump in the first leg.

[0012] In a further embodiment of any of the foregoing
embodiments, the first leg opens at the end wall of the
collection annulus. The central drain axis in the second leg
slopes with respect to the central axis of the pump, and the
second leg opens to the first leg.

[0013] In a further embodiment of any of the foregoing
embodiments, the annular channel has a channel depth that
varies circumferentially and, at the drain, the annular chan-
nel has a lowest point at which the channel depth is
maximum depth.

[0014] A pump according to an example of the present
disclosure includes a fuel pump portion, an oxidizer pump
portion, a purge system between the fuel pump and the
oxidizer pump, and a collection annulus in fluid communi-
cation with the purge system. The collection annulus has an
outer diameter wall, an inner diameter wall, and an end wall.
The end wall defines an annular channel that has a channel
depth that varies circumferentially between a maximum
depth and a minimum depth, and a ratio of the maximum
depth to the minimum depth is at least 2:1, and a drain that
opens at the end wall of the collection annulus. annular
channel has a lowest point at which the channel depth is
maximum depth.

[0015] In a further embodiment of any of the foregoing
embodiments, the ratio is from 3:1 to 5:1.

[0016] In a further embodiment of any of the foregoing
embodiments, the drain extends along a central drain axis
and has first and second legs, and the central drain axis is
parallel to the central axis of the turbopump in the first leg.
[0017] In a further embodiment of any of the foregoing
embodiments, the first leg opens at the end wall of the
collection annulus. The central drain axis in the second leg
slopes with respect to the central axis of the turbopump, and
the second leg opens to the first leg.

[0018] In a further embodiment of any of the foregoing
embodiments, the central axis in the second leg slopes
radially outwardly and away from the purge system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The various features and advantages of the present
disclosure will become apparent to those skilled in the art
from the following detailed description. The drawings that
accompany the detailed description can be briefly described
as follows.

[0020] FIG. 1 illustrates an example liquid propellant
rocket engine.
[0021] FIG. 2A shows a sectioned view of select portions

of a turbopump taken along the central axis.

[0022] FIG. 2B shows another sectioned view of select
portions of the turbopump taken along the central axis.

[0023] FIG. 2C shows a sectioned axial view of the
turbopump.
[0024] FIG. 3 illustrates drainage of fuel in the turbopump.
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DETAILED DESCRIPTION

[0025] FIG. 1 schematically illustrates a liquid propellant
rocket engine 20. As will be appreciated, there are many
different types of liquid propellant engines to which this
disclosure may apply. In this regard, although not shown, the
engine 20 will typically have plumbing for conveying pro-
pellant(s) and various pumps and valves for controlling
propellant delivery. In this example, the engine 20 includes
a turbopump 22 that is operable to pump fuel (e.g., liquid
hydrogen or hydrocarbon) and oxidizer (e.g., liquid oxygen)
to a combustor 24. The fuel and oxidizer burn to generate
high pressure gases that are accelerated through a throat 26
and nozzle 28 to generate thrust.

[0026] The turbopump 22 includes a fuel pump portion 30
and an oxidizer pump portion 32. In this example, the pump
portions 30/32 are mounted on a shaft 33 along a central axis
A. The pump sections 30/32 are coupled to a turbine 34,
which is operable to drive the pump portions 30/32. The
turbopump 22 includes a purge system 36 that is generally
located axially between the pump portions 30/32.

[0027] Referring to FIGS. 2A, 2B, and 2C, the purge
system 36 in this example includes one or more channels
36a that are fluidly connected with a pressurized fluid source
38 that may be located outside of the turbopump 22. For
example the pressurized fluid source is a source of high
pressure helium. The helium is fed into the purge system 36
to facilitate sealing and keeping the fuel separated from the
oxidizer. A portion F1 of the helium flows toward the
oxidizer pump portion 32 to limit oxidizer flow toward the
fuel pump portion 30. Another portion F2 of the helium
flows toward the fuel pump portion 30 to limit fuel flow
toward the oxidizer pump portion 32.

[0028] The turbopump 22 includes a collection annulus 40
in fluid communication with the purge system 36. The
collection annulus 40 is generally radially offset from and
below the purge system (when the turbopump 22 is in a
vertical orientation). Although the collection annulus 40 and
related features are disclosed in the turbopump 22, it is to be
understood that the examples herein may also be applicable
to other types of pumps.

[0029] The collection annulus 40 has an outer diameter
wall 42, an inner diameter wall 44, and an axial end wall 46.
The end wall 46 defines an annular channel 48. A drain 50
opens to the collection annulus 40. In this example, the drain
50 opens at the end wall 46 and, more specifically, at the
annular channel 48.

[0030] The annular channel 48 is recessed in the end wall
46. The annular channel 48 has a channel depth D that varies
circumferentially (about central axis A). For example, the
channel depth D is the perpendicular distance from the plane
ofthe end wall 46 to the bottom-most location of the annular
channel 48. In this example, the annular channel 48 has a
semi-circular cross-sectional geometry; however, it is to be
understood that the annular channel 48 may alternatively
have other cross-sectional geometries such as, but not lim-
ited to, polygonal or elliptical. In general, curved geometries
such as semi-circular or elliptical may facilitate fuel flow.

[0031] FIGS. 2B and 2C show the variation in the channel
depth D. For example, at circumferential location C1 the
annular channel 48 has a minimum depth Dmin, and at
circumferential location C2 the annular channel 48 has a
maximum depth Dmax. Here, the channel depth D varies
continuously from the minimum depth Dmin to the maxi-
mum depth Dmax. Alternatively, the channel depth D could
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vary in a step-wise manner, although a smooth continuous
variation may facilitate fuel flow. The location C2 corre-
sponds to the location of the drain 50. That is, the annular
channel 48 has its lowest point at the drain 50. In this
example, the annular channel 48 has a single lowest point
(e.g., rather than a uniform depth channel that would have no
point that is lowest).

[0032] The collection annulus 40, and particularly the
annular channel 48 and drain 50, are configured for
enhanced drainage of fuel given the expected orientations of
the turbopump 22. When the engine 20 is inactive (i.e., not
producing thrust), such as during transport or storage of the
engine 20, the engine 20 may be in a substantially horizontal
position in which the central axis A is approximately parallel
to the ground. When the engine 20 is active (i.e. producing
thrust in a test stand or during launch), the tubopump 22 is
in a substantially vertical orientation. As depicted generally
in FIG. 1, in the vertical position the oxidizer pump portion
32 is above the fuel pump portion 30.

[0033] Referring to FIG. 3, in the vertical orientation the
purge system 36 removes much of the fuel that may escape
from the fuel pump portion 30, but residual fuel can become
entrapped near a face seal 52 at location L1 (and/or other
locations). When in the horizontal orientation, the entrapped
residual fuel flows to the gravitational bottom of the collec-
tion annulus 40, as shown at location 2. The fuel can
remain in the bottom of the collection annulus 40 until the
turbopump 22 is tilted to the vertical orientation. Once in the
vertical orientation (i.e., FIG. 3 rotated 90 degrees counter-
clockwise), the fuel at the bottom of the collection annulus
40 flows to the drain 48 and from the drain 48 to a fuel return
line (not shown). Thus, the location of the drain 48 to open
at the end wall 46 of the collection annulus 40 permits the
entrapped fuel to drain out when tilted from horizontal to
vertical rather than flow back to location L.1. The drainage
of'the fuel is thus insensitive to orientation, thereby reducing
“loss” of fuel to permanent entrapment.

[0034] The channel depth D that varies circumferentially
also facilitates draining. When tilted from horizontal to
vertical, the fuel falls from location L2 into the annular
channel 48. Once in the annular channel 48, the variation in
the channel depth causes the fuel to gravitationally flow to
the lowest point at the maximum channel depth Dmax,
which is also where the drain 50 is located.

[0035] The variation in the channel depth D can also be
configured to enhance gravitational fuel flow. For example,
the maximum depth Dmax and the minimum depth Dmin
are circumferentially offset by 180° . This is shown in FIG.
2C, in which location C2 is offset from location C1 by 180°

[0036] As a further example, the change in the channel
depth D between the maximum depth Dmax and the mini-
mum depth Dmin is above a threshold. This change can be
represented as a ratio of the maximum depth Dmax to the
minimum depth Dmin. In one example, the ratio is at least
2:1 to promote good flow. In a further example, for better
flow, the ratio is at least 3:1 and may be from 3:1 to 5:1. The
ratio may, in some instances, be above 5:1, however, high
ratios require a greater amount of design space. Ratios lower
than 2:1 may also be used, however, as the ratio approaches
1:1 there is less gravitational potential for flow.

[0037] In further examples, the annular channel 48 also
defines a channel width, generally depicted at W in FIG. 2C.
Similar to the channel depth D, the width may also vary
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circumferentially to enhance flow of fuel to the drain 50. For
instance, at location C1 the annular channel 48 has a
minimum width Wmin. At location C2 (at the drain 50) the
annular channel 48 has a maximum width Wmax. Like the
depth, the width is greatest at the drain 50 to promote flow
of the fuel to the drain 50.
[0038] In further examples, the drain 50 may also be
configured to enhance removal of fuel from the collection
annulus 40. For instance, as shown in FIG. 2B, the drain 50
extends along a central drain axis DA. The central drain axis
DA slopes with respect to the central axis A of the tur-
bopump 22, as represented at angle G. Thus, the fuel can
also gravitationally flow through the drain 50.
[0039] The drain 50 also has several sections or portions.
For instance, the drain 50 has first and second legs 50a/505.
The first leg 50q is relatively short and serves as the opening
to the end wall 46 of the collection annulus 40. The second
leg 506 opens to the first leg 50a. The second leg 505 is
relatively long and serves to transport the fuel away from the
collection annulus 40. The central drain axis DA is approxi-
mately parallel to the central axis A of the turbopump 22 in
the first leg, while the central drain axis DA in the second leg
slopes radially outwardly and away from the purge system
36.
[0040] Although a combination of features is shown in the
illustrated examples, not all of them need to be combined to
realize the benefits of various embodiments of this disclo-
sure. In other words, a system designed according to an
embodiment of this disclosure will not necessarily include
all of the features shown in any one of the Figures or all of
the portions schematically shown in the Figures. Moreover,
selected features of one example embodiment may be com-
bined with selected features of other example embodiments.
[0041] The preceding description is exemplary rather than
limiting in nature. Variations and modifications to the dis-
closed examples may become apparent to those skilled in the
art that do not necessarily depart from this disclosure. The
scope of legal protection given to this disclosure can only be
determined by studying the following claims.

What is claimed is:

1. A liquid propellant rocket engine comprising:

a pump disposed along a central axis, the pump including

a purge system,

a collection annulus in fluid communication with the
purge system, the collection annulus having an outer
diameter wall, an inner diameter wall, and an axial
end wall, the axial end wall having a variable depth
channel that varies circumferentially, and

a drain that fluidly couples with the collection annulus,
wherein, at the drain, the variable depth channel has
a maximum depth.

2. The liquid propellant rocket engine as recited in claim
1, wherein the collection annulus is radially outwards of the
purge system and axially offset from the purge system.

3. The liquid propellant rocket engine as recited in claim
1, wherein the annular channel has a channel width that
varies circumferentially.

4. The liquid propellant rocket engine as recited in claim
3, wherein the channel width has a maximum width at the
drain.
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5. A liquid propellant rocket engine comprising:

a pump disposed along a central axis, the pump including
a purge system,

a collection annulus in fluid communication with the
purge system, the collection annulus having an outer
diameter wall, an inner diameter wall, and an end
wall, the end wall defining an annular channel, and

a drain that opens at the end wall of the collection
annulus.

6. The liquid propellant rocket engine as recited in claim
5, wherein the drain extends along a central drain axis, and
the central drain axis slopes with respect to the central axis
of the pump.

7. The liquid propellant rocket engine as recited in claim
5, wherein the drain extends along a central drain axis and
has first and second legs, and the central drain axis is parallel
to the central axis of the pump in the first leg.

8. The liquid propellant rocket engine as recited in claim
7, wherein the first leg opens at the end wall of the collection
annulus, the central drain axis in the second leg slopes with
respect to the central axis of the pump, and the second leg
opens to the first leg.

9. The liquid propellant rocket engine as recited in claim
8, wherein the annular channel has a channel depth that
varies circumferentially and, at the drain, the annular chan-
nel has a lowest point at which the channel depth is
maximum depth.

10. A pump comprising:

a fuel pump portion;

an oxidizer pump portion;

a purge system between the fuel pump and the oxidizer
pump;

a collection annulus in fluid communication with the
purge system, the collection annulus having an outer
diameter wall, an inner diameter wall, and an end wall,
the end wall defining an annular channel having a
channel depth that varies circumferentially between a
maximum depth and a minimum depth, and a ratio of
the maximum depth to the minimum depth is at least
2:1; and

a drain that opens at the end wall of the collection annulus,
wherein, at the drain, the annular channel has a lowest
point at which the channel depth is maximum depth.

11. The pump as recited in claim 10, wherein the ratio is
from 3:1 to 5:1.

12. The pump as recited in claim 11, wherein the drain
extends along a central drain axis and has first and second
legs, and the central drain axis is parallel to the central axis
of the turbopump in the first leg.

13. The pump as recited in claim 12, wherein the first leg
opens at the end wall of the collection annulus, the central
drain axis in the second leg slopes with respect to the central
axis of the turbopump, and the second leg opens to the first
leg.

14. The pump as recited in claim 13, wherein the central
axis in the second leg slopes radially outwardly and away
from the purge system.
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