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(54) VANE PUMP SEAL

(57) A seal tube assembly of a pump system is pro-
vided. The seal tube assembly includes a single seal tube
(41) having a first axial end (410) sealably coupled to a
first vane pump (12) and a second axial end (411) seal-
ably coupled to a second vane pump (13). The single
seal tube includes transverse contact surfaces (412, 413)

at the first axial end and transverse contact surfaces (414,
415) at the second axial end. The single seal tube is
formed to define a first seal tube cavity (417) at the first
axial end and a second seal tube cavity at the second
axial end.
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Description

STATEMENT OF FEDERAL SUPPORT

[0001] This invention was made with Government sup-
port under contact number D6305-L09C-52-00-2100000
awarded by United States Air Force. The Government
has certain rights in the invention.

BACKGROUND

[0002] The following description relates to a vane
pump seal and, more particularly, to a vane pump seal
with a single seal tube that incorporated an internal O-
ring and has backup rings on each end.
[0003] In a pump system of an engine or transmission
of an aircraft, for example, first and second vane pump
elements are provided for operation about a rotor. Each
vane pump typically has two labyrinth seals that seal the
spinning rotor to limit leakage from a high pressure region
surrounding the rotor outer diameter to a low pressure
region surrounding the rotor inner diameter. The labyrinth
seals provide for a very tight clearance between station-
ary seals and the spinning rotor and this tight clearance
limits the potential for leakage to occur.
[0004] The tight clearance can lead to issues, however,
arising from thermal growth, misalignment or axial move-
ment of the components noted above or from the occur-
rence of small contamination particles passing through
fuel filters and causing various parts to touch and which
can result in galling. These and other issues can lead to
seizure of either or both of the labyrinth seals and a seized
labyrinth seal can be a source of significant leakage as
well as a loss of pump efficiency.

BRIEF DESCRIPTION

[0005] According to one aspect of the disclosure, a seal
tube assembly of a pump system is provided. The seal
tube assembly includes a single seal tube having a first
axial end sealably coupled to a first vane pump and a
second axial end sealably coupled to a second vane
pump. The single seal tube includes transverse contact
surfaces at the first axial end and transverse contact sur-
faces at the second axial end. The single seal tube is
formed to define a first seal tube cavity at the first axial
end and a second seal tube cavity at the second axial end.
[0006] In accordance with additional or alternative em-
bodiments, sets of o-rings and back-up rings are receiv-
able in the first and second seal tube cavities.
[0007] In accordance with additional or alternative em-
bodiments, the single seal tube includes leaded bronze.
[0008] In accordance with another aspect of the dis-
closure, a pump system is provided. The pump system
includes first and second vane pumps that are each ro-
tatably disposed for respective operations about first and
second axial lengths of a rotor. The first vane pump in-
cludes a first body and a first flange extending from the

first body. The second vane pump includes a second
body and a second flange extending from the second
body. The first body, the first flange, the second body
and the second flange cooperatively define a first cavity
and cooperatively define a second cavity located be-
tween the first cavity and the rotor. The pump system
further includes a seal tube assembly which is sealably
coupled to the first and second flanges to inhibit fluid flow
between the first and second cavities.
[0009] In accordance with additional or alternative em-
bodiments, the first and second bodies are annularly dis-
posed about the rotor, the first and second flanges are
annularly disposed about the rotor and the first and sec-
ond cavities are annularly defined about the rotor.
[0010] In accordance with additional or alternative em-
bodiments, the seal tube assembly includes a single seal
tube having a first axial end sealably coupled to the first
flange and a second axial end sealably coupled to the
second flange and opposite the first axial end.
[0011] In accordance with additional or alternative em-
bodiments, the single seal tube includes transverse,
flange contacting surfaces at the first axial end and trans-
verse, flange contacting surfaces at the second axial end.
[0012] In accordance with additional or alternative em-
bodiments, the single seal tube is formed to define a first
seal tube cavity at the first axial end and a second seal
tube cavity at the second axial end and the seal tube
assembly further includes sets of o-rings and back-up
rings receivable in the first and second seal tube cavities.
[0013] In accordance with additional or alternative em-
bodiments, the single seal tube includes leaded bronze.
[0014] In accordance with additional or alternative em-
bodiments, the first body includes a first radial surface
extending a first radial length from a position proximate
to the first flange and a first additional flange extending
axially from a distal end of the first radial surface and the
second body includes a second radial surface extending
a second radial length from a position proximate to the
second flange and a second additional flange extending
axially from a distal end of the second radial surface.
[0015] In accordance with additional or alternative em-
bodiments, the second radial length is shorter than the
first radial length.
[0016] In accordance with additional or alternative em-
bodiments, the second additional flange is disposed be-
tween the first additional flange and the rotor.
[0017] According to yet another aspect of the disclo-
sure, a method of retro-fitting a pump system is provided.
The pump system includes vane pumps rotatably dis-
posed for respective operations about axial lengths of a
rotor. The vane pumps each include a body and a flange
that extends from the corresponding body and each of
the bodies and the flanges cooperatively define a first
cavity and a second cavity between the first cavity and
the rotor. The method of retro-fitting the pump system
includes removing labyrinth seal assemblies from the first
and second cavities and sealably coupling a seal tube
assembly to the flanges whereby the seal tube assembly
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is provided to inhibit fluid flow between the first and sec-
ond cavities.
[0018] In accordance with additional or alternative em-
bodiments, the removing of the labyrinth seal assemblies
includes unfastening labyrinth seal fasteners for respec-
tive labyrinth seals from each of the bodies and removing
the labyrinth seal fasteners, the respective labyrinth seals
and labyrinth seal support elements from the first and
second cavities.
[0019] In accordance with additional or alternative em-
bodiments, the sealably coupling of the seal tube assem-
bly includes sealably coupling an axial end of a single
seal tube to one of the flanges and sealably coupling
another axial end of the single seal tube to the other one
of the flanges.
[0020] In accordance with additional or alternative em-
bodiments, the sealably coupling of the seal tube assem-
bly further includes forming a pair of contact surfaces
between the one of the flanges and transverse, flange
contacting surfaces at the corresponding axial end of the
single seal tube and forming a pair of contact surfaces
between the other one of the flanges and transverse,
flange contacting surfaces at the corresponding axial end
of the single seal tube.
[0021] In accordance with additional or alternative em-
bodiments, the method further includes defining seal tube
cavities at the axial ends of the single seal tube and in-
serting sets of o-rings and back-up rings in the seal tube
cavities.
[0022] In accordance with additional or alternative em-
bodiments, the single seal tube includes leaded bronze.
[0023] In accordance with additional or alternative em-
bodiments, the method further includes redistributing
structural features of the vane pumps at a region defined
radially outwardly from the seal tube assembly.
[0024] In accordance with additional or alternative em-
bodiments, the method further includes forming addition-
al fuel compartments from the redistribution of the struc-
tural features of the vane pumps.
[0025] These and other advantages and features will
become more apparent from the following description
taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The subject matter, which is regarded as the
disclosure, is particularly pointed out and distinctly
claimed in the claims at the conclusion of the specifica-
tion. The foregoing and other features, and advantages
of the disclosure are apparent from the following detailed
description taken in conjunction with the accompanying
drawings in which:

FIG. 1 is a side view of a pump system at one side
of a rotor in accordance with embodiments;

FIG. 2 is a side view of the pump system of FIG. 1
with a seal tube assembly in accordance with em-

bodiments;

FIG. 3 is a cross-sectional side view of a single seal
tube of the seal tube assembly of FIG. 2;

FIG. 4 is an axial view of the single seal tube of FIG. 3;

FIG. 5 is a side view of a portion of a pump system
at one side of a rotor with labyrinth seals; and

FIG. 6 is a side view of a portion of a pump system
at one side of a rotor with redistributed structural fea-
tures.

DETAILED DESCRIPTION

[0027] As will be described below, the two adjacent
labyrinth seals described above and their retaining hard-
ware are eliminated from a pump system. A single seal
tube is then added to seal first and second vane pumps
together. The single seal tube incorporates an internal
o-ring and a back-up ring on each end thereof to seal the
tube to the vane pumps. During normal operations, the
single seal tube rotates at the same velocity as both of
the vane pumps and the o-rings completely seal adjacent
areas from leakage that previously existed so that axial
pressure balance of the rotor is unaffected. The single
seal tube and the o-rings can have a design life that meets
or exceeds the full service life of the pump system. The
quantity of leakage eliminated can then be used to im-
prove pump efficiency or can be applied to provide for
additional leakage allowance to remaining labyrinth seals
by allowing for an increase in their diametrical clearances
and by improving their robustness to failure. During emer-
gency operations, where one pump is seized (stationary)
and the other is still spinning, a mission abort or the dec-
laration of an in-flight emergency at a pilot’s discretion
can ensure with the aircraft being immediately landed.
Here, while relative motion of the pumps can cause the
o-rings to wear out and provide a leak path, flight times
during emergency operations are limited and the useful-
ness of the single seal tube and the o-rings remains ap-
parent.
[0028] With reference to FIGS. 1 and 2, a pump system
10 (see FIG. 2) is provided. The pump system 10 includes
a rotor 11, a first vane pump 12 and a second vane pump
13. The rotor 11 extends along a longitudinal axis and
has a first axial length 110 associated with the first vane
pump 12 and a second axial length 111 associated with
the second vane pump 13. The rotor 11 is rotatable about
a longitudinal axis thereof. The first vane pump 12 is ro-
tatably disposed about the rotor 11 and configured to
provide for first fluid pumping action about the first axial
length 110 of the rotor 11. The second vane pump 13 is
rotatably disposed about the rotor 11 and configured to
provide for second fluid pumping action about the second
axial length 111 of the rotor 11.
[0029] As shown in FIGS. 1 and 2, the first vane pump
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12 includes a first body 120, which is annularly disposed
for rotation about the rotor 11, and a first flange 121. The
first flange 121 extends in a first axial direction from a
portion of the first body 120 that is radially proximate to
the rotor 11. Thus, the first flange 121 extends along the
first axial direction at a radial location that is proximate
to the rotor 11. Similarly, the second vane pump 13 in-
cludes a second body 130, which is annularly disposed
for rotation about the rotor 11, and a second flange 131.
The second flange 131 extends in a second axial direc-
tion, which is opposite the first axial direction, from a por-
tion of the second body 130 that faces the portion of the
first body 120 and is radially proximate to the rotor 11.
Thus, the second flange 131 extends along the second
axial direction at a radial location that is proximate to the
rotor 11.
[0030] The first flange 121 includes an axial face 122
that faces in the first axial direction and a radial face 123
that faces radially outwardly. The second flange 131 in-
cludes an axial face 132 that faces in the second axial
direction and a radial face 133 that faces radially out-
wardly. The radial location of the first flange 121 and the
radial location of the second flange 131 may be substan-
tially similar. As such, the axial faces 122 and 132 gen-
erally oppose one another and the radial faces 123 and
133 may be substantially co-planar.
[0031] When the first vane pump 12 and the second
vane pump 13 are provided about the rotor 11, the first
and second bodies 212and 213and the first and second
flanges 121 and 131 cooperatively define a first cavity
20 and a second cavity 30. The first cavity 20 is generally
defined at radial locations outside the radial faces 123
and 133 and is annularly defined about the rotor 11. A
location of the second cavity 30 is generally defined be-
tween the first cavity 20 and the rotor 11 and in the region
between the axial faces 122 and 132. The second cavity
30 is annularly defined about the rotor 11.
[0032] With continued reference to FIG. 2 and with ad-
ditional reference to FIGS. 3 and 4, the pump system 10
further includes a seal tube assembly 40. The seal tube
assembly 40 is sealably coupled or, in some cases, se-
cured to the first and second flanges 121 and 131 and is
configured to inhibit fluid flow between at least the first
cavity 20 and the second cavity 30. More particularly, the
seal tube assembly 40 is radially sealably coupled or se-
cured about the first and second flanges 121 and 131
and axially sealably coupled or secured between the por-
tions of the first and second flanges 121 and 131. The
seal tube assembly 40 includes a single seal tube 41, a
first o-ring and back-up ring set 42 and a second o-ring
and back-up ring set 43. The single seal tube 41 has a
first axial end 410 that is radially and axially sealably cou-
pled or secured to the first flange 121 and a second axial
end 411 that is radially and axially sealably coupled or
secured to the second flange 131. The first and second
axial ends 410 and 411 are opposite one another.
[0033] The single seal tube 41 is formed of leaded
bronze or other similar materials. As shown in FIGS. 3

and 4, the single seal tube 41 includes first and second
transverse, flange contacting surfaces 412 and 413 at
the first axial end 410 as well as first and second trans-
verse, flange contact surfaces 414 and 415 at the second
axial end 411. When the single seal tube 41 is installed
on the first and second vane pumps 12 and 13, the first
and second transverse, flange contacting surfaces 412
and 413 at the first axial end 410 abut against the axial
face 122 and the radial face 123 of the first flange 121,
respectively, and the first and second transverse, flange
contacting surfaces 414 and 415 abut against the axial
face 132 and the radial face 133 of the second flange
131, respectively. In so doing, contact surfaces are
formed between the single seal tube 41 and the first and
second flanges 121 and 131 that sealably couple or se-
curely retain the single seal tube 41 in both axial and
radial dimensions.
[0034] The single seal tube 41 is also formed to define
a first seal tube cavity 416 at the first axial end 410 thereof
and a second seal tube cavity 417 at the second axial
end 411 thereof. The first o-ring and back-up ring set 42
includes a first o-ring and a first back-up ring. Both the
first o-ring and the first back-up ring are receivable in and
contained within the first seal tube cavity 416 and serve
to inhibit fluid flow between the first flange 121 and the
single seal tube 41. The second o-ring and back-up ring
set 43 includes a second o-ring and a second back-up
ring. Both the second o-ring and the second back-up ring
are receivable in and contained within the second seal
tube cavity 417 and serve to inhibit fluid flow between
the second flange 131 and the single seal tube 41.
[0035] With reference back to FIG. 2 and additional
reference to FIGS. 5 and 6, a method of retro-fitting a
pump system (e.g., the pump system 10) is provided. As
explained above, the pump system includes first and sec-
ond vane pumps 12 and 13 that are rotatably disposed
for respective operations about first and second axial
lengths 110 and 111 of a rotor 11. The first vane pump
12 includes a first body 212 and a first flange 121 and
the second vane pump 13 includes a second body 213
and a second flange 131. The first and second bodies
212 and 213 and the first and second flanges 121 and
131 cooperatively define first and second cavities 20 and
30. The method of retro-fitting the pump system includes
an initial operation of removing first and second labyrinth
seal assemblies 50 and 60 from the first and second cav-
ities 20 and 30. Once the first and second labyrinth seal
assemblies 50 and 60 are removed, the method further
includes sealably coupling or, in some cases, securing
the first and second axial ends 410 and 411 of the seal
tube assembly 40 to the first and second flanges 121 and
131, respectively, whereby the seal tube assembly 40 as
described above is provided to inhibit fluid flow between
the first and second cavities 20 and 30.
[0036] As shown in FIG. 5 and, in accordance with em-
bodiments, the removing of the first and second labyrinth
seal assemblies 50 and 60 includes unfastening first and
second labyrinth seal fasteners 51 and 61 for respective
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first and second labyrinth seal support elements 52 and
62 from each of the first and second bodies 212 and 213.
Subsequently, the method includes removing the first
and second labyrinth seal fasteners 51 and 61, the re-
spective first and second labyrinth seals 53 and 63 and
first and second labyrinth seal support elements 52 and
62 from the first and second cavities 20 and 30.
[0037] As shown in FIG. 6, the method may further
include a re-distribution of various structural features of
the first and second vane pumps 12 and 13 at a region
defined radially outwardly from the seal tube assembly
40 and, in some cases, formation of additional fuel com-
partments 601 from the space provided as a result of the
re-distribution of the various structural features of the first
and second vane pumps 12 and 13. In an exemplary
case, the re-distribution may result in the first body 212
being reconfigured to include a first radial surface 602
that extends a first radial length from a position proximate
to the first flange 121 and a first additional flange 603
that extends axially from a distal end of the first radial
surface 602.
[0038] Meanwhile, the re-distribution may result in the
second body 213 being reconfigured to include a second
radial surface 604 that extends a second radial length
(which is shorter than the first radial length) from a posi-
tion proximate to the second flange 131 and a second
additional flange 605 that extends axially from a distal
end of the second radial surface 604 and is disposed
between the first additional flange 603 and the rotor 11.
That is, the re-distribution may result in a size of the first
cavity 20 being dramatically reduced and in the provision
of additional space at radial locations defined outside the
first additional flange 603 which were previously metal
structure, replaced by fuel compartments 601 for the ben-
efit of weight reduction.
[0039] While the disclosure is provided in detail in con-
nection with only a limited number of embodiments, it
should be readily understood that the disclosure is not
limited to such disclosed embodiments. Rather, the dis-
closure can be modified to incorporate any number of
variations, alterations, substitutions or equivalent ar-
rangements not heretofore described, but which are com-
mensurate with the scope of the invention as defined by
the claims. Additionally, while various embodiments of
the disclosure have been described, it is to be understood
that the exemplary embodiment(s) may include only
some of the described exemplary aspects. Accordingly,
the disclosure is not to be seen as limited by the foregoing
description, but is only limited by the scope of the ap-
pended claims.

Claims

1. A seal tube assembly of a pump system, the seal
tube assembly comprising:

a single seal tube (41) having a first axial end

(410) sealably coupled to a first vane pump (12)
and a second axial end (411) sealably coupled
to a second vane pump (13),
the single seal tube comprising transverse con-
tact surfaces (412, 413) at the first axial end and
transverse contact surfaces (414, 415) at the
second axial end, and
the single seal tube being formed to define a first
seal tube cavity (416) at the first axial end and
a second seal tube cavity (417) at the second
axial end.

2. The seal tube assembly according to claim 1, further
comprising sets of o-rings and back-up rings (42)
receivable in the first seal tube cavities.

3. The seal tube assembly according to claim 1 or 2,
further comprising sets of back-up rings (43) receiv-
able in the second seal tube cavities.

4. The seal tube assembly according to any preceding
claim, wherein the single seal tube comprises leaded
bronze.

5. A pump system, comprising:

first and second vane pumps (12, 13) that are
each rotatably disposed for respective opera-
tions about first and second axial lengths of a
rotor (11),
the first vane pump comprising a first body (212)
and a first flange (121) extending from the first
body,
the second vane pump comprising a second
body (213) and a second flange (131) extending
from the second body, and
the first body, the first flange, the second body
and the second flange cooperatively defining a
first cavity (20) and cooperatively defining a sec-
ond cavity (30) located between the first cavity
and the rotor,
the pump system further comprising a seal tube
assembly (40) which is sealably coupled to the
first and second flanges to inhibit fluid flow be-
tween the first and second cavities.

6. The pump system according to claim 5, wherein:

the first and second bodies are annularly dis-
posed about the rotor,
the first and second flanges are annularly dis-
posed about the rotor, and
the first and second cavities are annularly de-
fined about the rotor.

7. The pump system according to claim 5, wherein the
seal tube assembly comprises a single seal tube (41)
having a first axial end (410) sealably coupled to the
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first flange and a second axial end (411) sealably
coupled to the second flange and opposite the first
axial end.

8. The pump system according to claim 7, wherein the
single seal tube comprises transverse, flange con-
tacting surfaces (412, 413) at the first axial end and
transverse, flange contacting surfaces (414, 415) at
the second axial end.

9. The pump system according to claim 7, wherein the
single seal tube is formed to define a first seal tube
cavity (416) at the first axial end and a second seal
tube cavity (417) at the second axial end.

10. The pump system according to claim 9, wherein the
seal tube assembly further comprises sets of o-rings
and back-up rings (42) receivable in the first and sec-
ond seal tube cavities.

11. The pump system according to claim 7, wherein the
single seal tube comprises leaded bronze.

12. The pump system according to claim 5, wherein:

the first body comprises a first radial surface
(602) extending a first radial length from a posi-
tion proximate to the first flange,
the second body comprises a second radial sur-
face (604) extending a second radial length from
a position proximate to the second flange.

13. The pump system according to claim 12, wherein
the second radial length is shorter than the first radial
length.

14. The pump system according to claim 12, wherein:

the first body further comprises a first additional
flange (603) extending axially from a distal end
of the first radial surface, and
the second body further comprises a second ad-
ditional flange (605) extending axially from a dis-
tal end of the second radial surface.

15. The pump system according to claim 14, wherein
the second additional flange is disposed between
the first additional flange and the rotor.
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