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(54) SEAL ASSEMBLY FOR RECIPROCATING COMPRESSOR

(57) A seal assembly for a reciprocating rod of a re-
ciprocating compressor, a reciprocating compressor with
the seal assembly, and a method of operating the recip-
rocating compressor with the seal assembly to prevent
leakage of gas once the compressor has been shut down.

The pressure difference between opposite sides of a stat-
ic seal is kept low during normal operation to reduce wear
of the static seal. When the compressor is shut down, a
high pressure difference between opposite sides of the
static seal assists with sealing.
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Description

BACKGROUND

[0001] Compressors and other reciprocating pumps
generally have a piston rod that moves into and out of a
high (or low) pressure system. The pathway that the pis-
ton rod follows provides a natural leak path for the fluid
(gas or liquid) into or out of the cylinder. Conventionally,
rod packing is designed to seal the high pressure cham-
ber of the compressor but due to the segmented design
of these sealing systems, some leakage occurs.
[0002] When the compressor or pump is non-opera-
tional, however, the piston rod is static or not moving.
The rod packing may not seal properly when the com-
pressor, pump, or valve, in certain embodiments, is shut
down but at operating pressures. The fluid, such as for
example air or natural gas, may leak past the packing
rings of the rod packing to the atmosphere. At best, the
leakage results in system loss that must be replaced re-
sulting in inefficiencies. At worst, the leakage results in
an environmental contamination hazard that is regulated
by government agencies.
[0003] There are numerous problems with allowing a
compressor to leak to atmosphere after shutdown. One
issue regards the potential for air ingress once gas pres-
sure in the machine has dropped to atmospheric pres-
sure. With no pressure in the machine, minor leakage
paths have the potential of allowing air to get inside the
compressor and into the process stream, producing a
potentially explosive atmosphere in the compressor or
downstream of the compressor. Water that may enter
the machine during shutdown is another problem that
may produce contaminants in the process flow. Loss of
product is generally small but is another problem espe-
cially if the gas leaking out is flammable, corrosive or
otherwise a problem to vent to atmosphere. In general,
allowing gas to leak from a compressor after shutdown
is acceptable only if that gas is air.
[0004] The problem with having a seal of some sort
that can prevent leakage to atmosphere during shutdown
is one of the more difficult issues to solve. Packings that
normally prevent leakage of process gas to atmosphere
will leak to some degree under normal operation because
they are made of numerous segments which allow some
small amount of leakage between those segments. They
are made of segments to allow for a considerable amount
of wear over the life of operation. Without segments that
can move relative to each other, the amount of wear the
seal can withstand before "wearing out" is extremely
small. To stop leakage altogether however, the seal must
be made of a single piece, just like an O-ring. But this
configuration would present the problem of stopping all
leakage that would come through the packings under nor-
mal operation, and the seal would quickly wear out.
[0005] To overcome these issues, the general concept
has been to prevent the shutdown seal from contacting
the shaft until the shaft has stopped moving so wear can

be avoided.
[0006] Solutions to preventing leakage from the com-
pressor shaft during shutdown include isolating the com-
pressor and allowing the pressure to leak down to zero,
and providing a type of seal used only during shutdown
of the system.
[0007] Static sealing assemblies are described for ex-
ample in U.S. Pat. No. 4,469,017 and EP 3 330 538 A1.
[0008] Industry desires improved static sealing assem-
blies.
[0009] Industry desires static sealing assemblies that
are simple and minimize cost while providing for leak-
tight sealing once the compressor is shut down.

BRIEF SUMMARY

[0010] The present disclosure relates to a seal assem-
bly for a reciprocating rod of a reciprocating compressor,
a reciprocating compressor with the seal assembly, and
a method of operating the reciprocating compressor with
the seal assembly.
[0011] There are several aspects of the invention as
outlined below. The reference numbers and expressions
set in parentheses are referring to an example embodi-
ment explained further below with reference to the fig-
ures. The reference numbers and expressions are, how-
ever, only illustrative and do not limit the aspect to any
specific component or feature of the example embodi-
ment. The aspects can be formulated as claims in which
the reference numbers and expressions set in parenthe-
ses are omitted or replaced by others as appropriate.
[0012] Aspect 1. A seal assembly (10) for a reciprocat-
ing rod (20) of a reciprocating compressor, the seal as-
sembly having a first end (11) and a second end (12),
the first end (11) of the seal assembly disposed towards
a cylinder end of the reciprocating rod, the second end
(12) of the seal assembly disposed towards a crankcase
end of the reciprocating rod (20), the reciprocating rod
(20) having a longitudinal axis (21), the seal assembly
comprising:

one or more packing retainers (30) (a.k.a. "packing
cups"), each of the one or more packing retainers
(30) containing a respective packing (32) configured
to contact the reciprocating rod (20);

an unsegmented seal (40) configured to form a seal-
ing interface with the reciprocating rod (20), wherein
the unsegmented seal (40) is arranged at an axial
position closer to the second end (12) of the seal
assembly relative to the axial position of the one or
more packing retainers (30), the axial position de-
fined with respect to the longitudinal axis (21) of the
reciprocating rod (20);

a fluid passage (50) having a first end (51) and a
second end (52), the first end (51) located at an axial
position between the unsegmented seal (40) and at
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least one respective packing (32) of the one or more
packing retainers (30), the axial position of the first
end (51) of the fluid passage (50) defined with re-
spect to the longitudinal axis (21) of the reciprocating
rod (20), the fluid passage (50) operatively config-
ured to vent a fluid leaking past the at least one re-
spective packing (32); and

a valve (60) in fluid communication with the second
end (52) of the fluid passage (50).

[0013] Aspect 2. The seal assembly according to as-
pect 1 wherein the inner diameter of the unsegmented
seal (40) is the same as the outer diameter of the recip-
rocating rod (20).
[0014] Aspect 3. The seal assembly according to as-
pect 1 or aspect 2 further comprising a vent member (70)
(a.k.a. "vent cup") wherein the fluid passage (50) passes
through the vent member (70).
[0015] Aspect 4. The seal assembly according to as-
pect 3 wherein the vent member (70) contains a respec-
tive packing (72).
[0016] Aspect 5. The seal assembly according to any
one of aspects 1 to 4 wherein the packing (32) contained
in each of the one or more packing retainers (30) is a
segmented packing.
[0017] Aspect 6. The seal assembly according to any
one of aspects 1 to 4 wherein the packing (32) contained
in each of the one or more packing retainers (30) is a
rope packing.
[0018] Aspect 7. The seal assembly according to any
one of aspects 1 to 6 further comprising a bushing (80)
for the reciprocating rod (20), the bushing (80) in a posi-
tion effective to reduce the compressive load on the un-
segmented seal (40).
[0019] Aspect 8. The seal assembly according to any
one of aspects 1 to 7 further comprising a seal carrier
(45) in fixed spaced relation to the one or more packing
retainers (30), the seal carrier (45) for retaining the un-
segmented seal (40).
[0020] Aspect 9. The seal assembly according to as-
pect 8 wherein the seal carrier (45) is configured to allow
the unsegmented seal (40) to move radially (in response
to radial movement of the reciprocating rod (20)).
[0021] Aspect 10. The seal assembly according to any
one of aspects 1 to 9 further comprising a pressure trans-
ducer (100) operatively disposed to sense the pressure
in a transfer line between the second end (52) of the fluid
passage (50) and the valve (60).
[0022] Aspect 11. A reciprocating compressor com-
prising:

a reciprocating rod (20); and

a seal assembly (10) according to any one of aspects
1 to 10.

[0023] Aspect 12. A method of operating the recipro-

cating compressor according to aspect 11 wherein any
fluid leaking past the at least one respective packing (32)
is vented through the valve (60) when the reciprocating
compressor is operating; and wherein the valve (60) is
closed when the reciprocating compressor is stopped.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE 
DRAWINGS

[0024]

FIG. 1 illustrates a sealing assembly with a bushing
and fluid passage with a port for venting leaking gas
where the port is built into the flange.

FIG. 2 illustrates a sealing assembly with a bushing
and fluid passage with a port for venting leaking gas
where the port is built into a vent cup.

FIG. 3 illustrates a sealing assembly with a seal car-
rier with a floating type seal and a fluid passage with
a port for venting leaking gas where the port is built
into a vent cup.

FIG. 4a illustrates a sealing assembly where the un-
segmented seal 40 is a spring-energized U-cup seal.

FIG. 4b illustrates a sealing assembly where the un-
segmented seal 40 is a U-cup seal that is not spring-
energized.

FIG. 5 illustrates a sealing assembly where the un-
segmented seal 40 is a two-part seal comprising an
O-ring 40a with a plastic cap 40b.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0025] The ensuing detailed description provides pre-
ferred exemplary embodiments only, and is not intended
to limit the scope, applicability, or configuration of the
invention. Rather, the ensuing detailed description of the
preferred exemplary embodiments will provide those
skilled in the art with an enabling description for imple-
menting the preferred exemplary embodiments of the in-
vention, it being understood that various changes may
be made in the function and arrangement of elements
without departing from the scope of the invention as de-
fined by the claims.
[0026] The articles "a" and "an" as used herein mean
one or more when applied to any feature in embodiments
of the present invention described in the specification
and claims. The use of "a" and "an" does not limit the
meaning to a single feature unless such a limit is specif-
ically stated. The article "the" preceding singular or plural
nouns or noun phrases denotes a particular specified
feature or particular specified features and may have a
singular or plural connotation depending upon the con-
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text in which it is used.
[0027] The adjective "any" means one, some, or all
indiscriminately of whatever quantity.
[0028] The term "and/or" placed between a first entity
and a second entity includes any of the meanings of (1)
only the first entity, (2) only the second entity, and (3) the
first entity and the second entity. The term "and/or" placed
between the last two entities of a list of 3 or more entities
means at least one of the entities in the list including any
specific combination of entities in this list. For example,
"A, B and/or C" has the same meaning as "A and/or B
and/or C" and comprises the following combinations of
A, B and C: (1) only A, (2) only B, (3) only C, (4) A and
B and not C, (5) A and C and not B, (6) B and C and not
A, and (7) A and B and C.
[0029] The phrase "at least one of" preceding a list of
features or entities means one or more of the features or
entities in the list of entities, but not necessarily including
at least one of each and every entity specifically listed
within the list of entities and not excluding any combina-
tions of entities in the list of entities. For example, "at
least one of A, B, or C" (or equivalently "at least one of
A, B, and C" or equivalently "at least one of A, B, and/or
C") has the same meaning as "A and/or B and/or C" and
comprises the following combinations of A, B and C: (1)
only A, (2) only B, (3) only C, (4) A and B and not C, (5)
A and C and not B, (6) B and C and not A, and (7) A and
B and C.
[0030] The term "plurality" means "two or more than
two."
[0031] The present disclosure relates to a seal assem-
bly for a reciprocating rod of a reciprocating compressor,
a reciprocating compressor with the seal assembly, and
a method of operating the reciprocating compressor with
the seal assembly.
[0032] The seal assembly is described with reference
to the figures, wherein like reference numbers refer to
like elements in the figures.
[0033] As shown in FIGS. 1-3, the seal assembly 10
for a reciprocating rod 20 of a reciprocating compressor
has a first end 11 and a second end 12. The first end 11
of the seal assembly is disposed towards a cylinder end
of the reciprocating rod, and the second end 12 of the
seal assembly is disposed towards a crankcase end of
the reciprocating rod 20. The reciprocating rod 20 has a
longitudinal axis 21.
[0034] The seal assembly comprises one or more
packing retainers 30, so-called "packing cups" by those
skilled in the art. Each of the one or more packing retain-
ers 30 contains a respective packing 32 configured to
contact the reciprocating rod 20 and provide a seal to
prevent leakage of the fluid. The packing 32 contained
in each of the one or more packing retainers 30 may be
a segmented packing, a rope packing, or any other type
of packing known in the art.
[0035] The packing retainers 30 are mounted to a
flange 110. A seal may be provided between the packing
retainer 30 and the flange by an O-ring seal 90.

[0036] Respective O-ring seals 90 may provide sealing
between each of the packing retainers 30.
[0037] The seal assembly comprises an unsegmented
seal 40 configured to form a continuous sealing interface
with the reciprocating rod 20. The unsegmented seal 40
is arranged at an axial position closer to the second end
12 of the seal assembly relative to the axial position of
the one or more packing retainers 30. The axial position
is defined with respect to the longitudinal axis 21 of the
reciprocating rod 20. The unsegmented seal 40 may be
the same as the outer diameter of the reciprocating rod
20. An unsegmented seal is a continuous seal about the
circumference of the reciprocating rod 20, not formed by
multiple segments about the circumference.
[0038] The unsegmented seal 40 may be a U-cup seal,
which may be spring energized as shown in FIG. 4a, or
not spring energized as shown in FIG 4b.
[0039] The unsegmented seal may be an O-ring seal.
[0040] The unsegmented seal 40 may be a two-part
seal comprising an O-ring 40a with a plastic cap 40b as
shown in FIG. 5. The plastic caps improve longevity of
the seal. The plastic cap 40b is positioned against the
sliding surface (i.e. the reciprocating rod 20), so it’s the
plastic cap 40b that wears, not the O-ring 40a.
[0041] The unsegmented seal 40 may be made from
any desired plastic or elastomer. It is more common for
plastic seals to be spring energized and elastomeric
seals not to be spring energized.
[0042] The plastic or elastomer may be selected to be
compatible with the fluid intended for compression in the
compressor.
[0043] The unsegmented seal 40 has no channels that
would provide a leak path.
[0044] The unsegmented seal 40 has no channel-
through porosity.
[0045] The unsegmented seal 40 is not a rope packing.
[0046] The seal assembly comprises a fluid passage
50 having a first end 51 and a second end 52. The first
end 51 is located at an axial position between the unseg-
mented seal 40 and at least one respective packing 32
of the one or more packing retainers 30. The axial position
of the first end 51 of the fluid passage 50 is defined with
respect to the longitudinal axis 21 of the reciprocating
rod 20. The fluid passage 50 is operatively configured to
vent a fluid leaking past the at least one respective pack-
ing 32.
[0047] FIG. 1 shows the port at the first end 51 of the
fluid passage 50 defined within the flange 110.
[0048] The seal assembly comprises a valve 60 in fluid
communication with the second end 52 of the fluid pas-
sage 50. The valve 60 is operatively connected to the
second end 52 of the fluid passage 50 to allow or prevent
flow through the fluid passage 50.
[0049] The seal assembly may comprise a vent mem-
ber 70, a so-called "vent cup" wherein the fluid passage
50 passes through the vent member 70. At least a portion
of the fluid passage is defined within the vent member.
The vent member may contain a respective packing 72.
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[0050] FIG. 2 and FIG. 3 show the port at the first end
51 of the fluid passage 50 defined within a vent member
70.
[0051] Through the use of the fluid passage 50 and the
valve 60, the pressure difference on either side of the
unsegmented seal 40 is small. While the reciprocating
rod 20 is constantly riding on the unsegmented seal 40,
because of the low pressure difference, the contact pres-
sure is relatively low and the motion does not cause rapid
wear due to the very low contact pressure.
[0052] The reciprocating rod 20 on a reciprocating
compressor typically moves in a radial direction very
slightly in addition to the main axial direction. This radial
motion will tend to compress the unsegmented seal 40
preferentially on one side, potentially causing wear on
the unsegmented seal 40 due to increased contact load.
[0053] As shown in FIG. 1 and FIG. 2, the seal assem-
bly may comprise a bushing 80 for the reciprocating rod
20. The bushing 80, if present, is in a position effective
to reduce the compressive load on the unsegmented seal
40. The bushing 80, if present, is positioned next to the
unsegmented seal 40 to keep the reciprocating rod 20
centered and prevent undue compressive loads on the
unsegmented seal 40.
[0054] The seal assembly may comprise a seal carrier
45 in fixed spaced relation to the one or more packing
retainers 30. The seal carrier 45 retains the unsegmented
seal 40. The seal carrier 45 may be fixably attached to
the mounting flange 110.
[0055] The seal carrier 45 shown in FIG. 3 is configured
to allow the unsegmented seal 40 to move radially in
response to radial movement of the reciprocating rod 20.
The unsegmented seal 40 may be held in the seal carrier
45 such that the unsegmented seal 40 is permitted to
move radially with the radial movement of the reciprocat-
ing rod 20.
[0056] The seal assembly may comprise a pressure
transducer 100 operatively disposed to sense the pres-
sure in a transfer line between the second end 52 of the
fluid passage 50 and the valve 60. By monitoring the
pressure in the transfer line with the pressure transducer
100, proper operation of the seal can be verified and leak-
age through the packings can be monitored so that the
packings, when worn out, can be replaced.
[0057] The present disclosure also relates to a recip-
rocating compressor with the seal assembly as described
above. The reciprocating compressor comprises a recip-
rocating rod 20 and a seal assembly 10 as described
above. The other components of the reciprocating com-
pressor may be as known in the art.
[0058] The present disclosure also relates to a method
of operating the reciprocating compressor with the seal
assembly described above. The method comprises vent-
ing any fluid leaking past the packings 32 through the
valve 60 when the reciprocating compressor is operating,
and closing the valve and keeping the valve closed when
the reciprocating compressor is stopped.

Example

[0059] Seals wear over the course of their useful life-
time and eventually begin to leak once too much material
is lost. The amount of material lost during operation is a
function of both contact pressure and the total distance
over which the seal has traveled. The higher the contact
pressure and the greater the total sliding distance, the
higher will be the total loss of material. This loss of ma-
terial eventually results in the seal ’wearing out’. The slid-
ing distance is equal to the velocity of the sliding multi-
plied by the total time, so the total amount of material lost
during operation per unit time is linearly related to the
contact pressure (P) and the velocity (V). The higher the
PV, the faster the seal will wear out.
[0060] To increase the amount of time a seal can re-
main in service, either the velocity can be reduced, which
may not be possible for a given application, or the contact
pressure can be reduced. The contact pressure is prima-
rily a function of the pressure differential across the seal,
so the higher the pressure differential, the faster the seal
will wear out.
[0061] In the present invention, the lifetime of the un-
segmented seal is increased by providing a minimal con-
tact pressure during normal operating when the seal is
exposed to sliding.
[0062] Unsegmented seals like those described in the
present disclosure are commonly made of wear resistant
materials and can last for roughly 1000 hours while under
pressure of 690 kPa (100 psi) differential and while op-
erating at normal velocity. However, a pressure of 690
kPa (100 psi) differential is much lower than the applica-
tions considered for this sealing assembly, such as for
compressing hydrogen for hydrogen fueling.
[0063] If the differential seal pressure is increased to
6900 kPa (1000 psi), the wear life would be reduced by
a factor of 10, resulting in seal life of about 100 hours.
[0064] Seal lifes of 100 hours are too short for practical
use. However by removing the pressure differential from
the seal, the remaining seal pressure which is caused
only by the stretching of the seal over the shaft, is very
low. The contact pressure of the seal with no pressure
differential across it and only pressure caused by the
stretching of the seal over the shaft, is lower than the
known seal by a factor of 5 to 10 so the seal life will
increase by that amount.
[0065] The rate of seal material removed during oper-
ation is linearly proportional to contact pressure and slid-
ing velocity. Reducing the contact pressure by essentially
eliminating the pressure differential across the seal dur-
ing operation is expected to increase the useful life of the
seal to between 5000 and 10,000 hours.

Claims

1. A seal assembly for a reciprocating rod of a recipro-
cating compressor, the seal assembly having a first
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end and a second end, the first end of the seal as-
sembly disposed towards a cylinder end of the re-
ciprocating rod, the second end of the seal assembly
disposed towards a crankcase end of the reciprocat-
ing rod, the reciprocating rod having a longitudinal
axis, the seal assembly comprising:

one or more packing retainers, each of the one
or more packing retainers containing a respec-
tive packing configured to contact the recipro-
cating rod;
an unsegmented seal configured to form a seal-
ing interface with the reciprocating rod, wherein
the unsegmented seal is arranged at an axial
position closer to the second end of the seal as-
sembly relative to the axial position of the one
or more packing retainers, the axial position de-
fined with respect to the longitudinal axis of the
reciprocating rod;
a fluid passage having a first end and a second
end, the first end located at an axial position be-
tween the unsegmented seal and at least one
respective packing of the one or more packing
retainers, the axial position of the first end of the
fluid passage defined with respect to the longi-
tudinal axis of the reciprocating rod, the fluid
passage operatively configured to vent a fluid
leaking past the at least one respective packing;
and
a valve in fluid communication with the second
end of the fluid passage.

2. The seal assembly as claimed in claim 1 wherein the
inner diameter of the unsegmented seal is the same
as the outer diameter of the reciprocating rod.

3. The seal assembly as claimed in claim 1 or 2 further
comprising:
a vent member wherein the fluid passage passes
through the vent member.

4. The seal assembly as claimed in claim 3 wherein the
vent member contains a respective packing.

5. The seal assembly as claimed in any one of the pre-
cedings claims wherein the packing contained in
each of the one or more packing retainers is a seg-
mented packing.

6. The seal assembly as claimed in any one of claim 1
to 4 wherein the packing contained in each of the
one or more packing retainers is a rope packing.

7. The seal assembly as claimed in any one of the pre-
cedings claims further comprising:
a bushing for the reciprocating rod, the bushing in a
position effective to reduce the compressive load on
the unsegmented seal.

8. The seal assembly as claimed in any one of the pre-
cedings claims further comprising:
a seal carrier in fixed spaced relation to the one or
more packing retainers, the seal carrier for retaining
the unsegmented seal.

9. The seal assembly as claimed in claim 8
wherein the seal carrier is configured to allow the
unsegmented seal to move radially.

10. The seal assembly as claimed in any one of the pre-
cedings claims further comprising:
a pressure transducer operatively disposed to sense
the pressure in a transfer line between the second
end of the fluid passage and the valve.

11. A reciprocating compressor comprising:

a reciprocating rod; and
a seal assembly as claimed in any one of the
precedings claims.

12. A method of operating the reciprocating compressor
as claimed in claim 11
wherein any fluid leaking past the at least one re-
spective packing is vented through the valve when
the reciprocating compressor is operating; and
wherein the valve is closed when the reciprocating
compressor is stopped.
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