FLUID TRANSFER DEVICE, SYSTEM AND METHOD
TECHNICAL FIELD
[0001] Embodiments of this disclosure relate generally to fluid transfer
devices, systems and methods. In particular, various embodiments of fluid sampling
devices and methods are described.
BACKGROUND
[0002] In pharmaceutical, biotechnology, food, beverage, and other industries,
it is often desired to take many samples to monitor process development and/or
optimize process steps. Conventional fluid sampling is commonly conducted with a
needle-free sampling valve connected to a reactor or other processing vessels via
small diameter tubing. The operator first swabs the connection of the sampling valve
with a cleaner, typically an ethanol or methanol solution. Next a standard syringe is
connected and a full sample is drawn, disconnected, and discarded. This is done to
clear the tubing and valve of any dead leg which would result in an inaccurate reading.
Then, the sampling valve is cleaned again and a new syringe is connected to take a
representative sample.
[0003] The conventional process of cleaning is operator-dependant and can
easily be missed or improperly conducted. Further, to get a sample, the operator
needs to connect twice to the system with different sampling devices, doubling the
chance of contamination. Therefore, there is a need for an improved fluid transfer
device, system, and method that can overcome the various disadvantages in
conventional fluid sampling.
SUMMARY
[0004] Certain embodiments of a fluid transfer device, assembly, and method
are set forth below. It should be understood that these embodiments are presented
merely to provide the reader with a brief summary of certain forms the invention
might take and that these embodiments are not intended to limit the scope of the
invention. Indeed, the invention may encompass a variety of embodiments or aspects
that may not be set forth below.
[0005] In one aspect, a fluid transfer device includes a syringe barrel having a
chamber, a first plunger slidably movable inside the chamber, and a second plunger
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engageable with the proximal end portion of the second plunger such that when the
distal end portion of the first plunger and the proximal end portion of the second
plunger are engaged, the second plunger is movable by the first plunger. When the
distal end portion of the first plunger and the proximal end portion of the second
plunger are not engaged, the first plunger is movable relative to the second plunger.
A check valve may be incorporated into the distal end portion of the second plunger
to allow a fluid to pass therethrough in a direction to the proximal end portion of the
second plunger and prevent a fluid to pass therethrough in a direction from the
proximal end portion of the second plunger.

[0006] In another aspect, a fluid transfer assembly includes a first fluid
transfer device that can couple to a fluid source and a second fluid transfer device
that can couple to the first fluid transfer device. The first fluid transfer device
comprises an interface structure and the second fluid transfer device comprises an
interface structure complementary to the interface structure of the first fluid transfer
device to allow the second fluid transfer device to slidably move in positioning with
the first fluid transfer device. The interface structure of the first fluid transfer device
may comprise one or more tongues, and the interface structure of the second fluid
transfer device may comprise one or more grooves complementary to the one or
more tongues, thereby allowing the second fluid transfer device to slidably move in
positioning with the first fluid transfer device. Alternatively, The interface structure of
the first fluid transfer device may comprise one or more grooves and the interface
structure of the second fluid transfer device may comprise one or more tongues
complementary to the one or more grooves.

[0007] In a further aspect, a method of sampling a fluid source comprises
connecting a fluid source with a fluid transfer assembly which comprises a first fluid
transfer device coupled to the fluid source and a second fluid transfer device coupled
to the first fluid transfer device, and drawing a sample from the fluid source into the
second fluid transfer device via the first fluid transfer device. The first fluid transfer
device comprises an interface structure and the second fluid transfer device
comprises an interface structure complementary to the interface structure of the first
fluid transfer device. In connecting the fluid transfer assembly with the fluid source,
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device via the interface structures of the first and second fluid transfer devices. In
some embodiments, the method further comprises replacing the second fluid transfer
device with a third fluid transfer device. Replacing the second fluid transfer device
comprises slidably displacing the second fluid transfer device from the first fluid
transfer device and slidably positioning the third fluid transfer device with the first
fluid transfer device.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] These and various other features and advantages will become better
understood upon reading of the following detailed description in conjunction with the
accompanying drawings and the appended claims provided below, where:
[0009] FIG. 1 is a perspective view of a fluid transfer device according to some
embodiments of the disclosure;
[0010] FIG. 1A is an exploded view of the fluid transfer device of FIG. 1,
showing a syringe barrel, a first plunger, and a second plunger respectively;
[0011] FIG. 1B is a cross-sectional view of a fluid transfer device according to
some embodiments of the disclosure;
[0012] FIG. 1C is a partial enlarged cross-sectional view of the fluid transfer
device of FIG. 1B;
[0013] FIG. 1D is an enlarged bottom view of a duckbill check valve
incorporated in a fluid transfer device according to some embodiments of the
disclosure;
[0014] FIG. 2 is a cross-sectional view of a fluid transfer device according to
some embodiments of the disclosure, showing the first plunger being retracted to a
position;
[0015] FIG. 3 is a cross-sectional view of a fluid transfer device according to
some embodiments of the disclosure, showing the engagement of the first plunger
with the second plunger and an isolated volume formed between the first and second
plungers;
[0016] FIG. 3A is a partial enlarged cross-sectional view of the fluid transfer
device shown in FIG. 3;
[0017] FIG. 4 is a cross-sectional view of a fluid transfer device according to
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into the syringe barrel by retracting the first plunger engaged with the second
plunger;
[0018] FIG. 5 is a cross-sectional view of a fluid transfer device according to
some embodiments of the disclosure, illustrating dispensing of the representative
sample by pushing the first plunger engaged with the second plunger;
[0019] FIG. 6 schematically shows a fluid transfer device including a housing
enclosing a distal end portion of the device according to some embodiments of the
disclosure;
[0020] FIG. 7 schematically shows a fluid transfer assembly according to some
embodiments of the disclosure, including a first transfer device, a second fluid transfer
device, and interface structures on each of the first and second fluid transfer devices;
[0021] FIG. 8 schematically shows positioning of the second fluid transfer
device in place with the first fluid transfer device and removing the protective films on
the interface structures on each of the first and second fluid transfer devices;
[0022] FIG. 9 schematically shows positioning of the second fluid transfer
device in place with the first fluid transfer device with the protective films being
removed;
[0023] FIG. 10 schematically shows replacement of the second fluid transfer
device with a next third fluid transfer device according to some embodiments of the
disclosure;
[0024] FIG. 11 schematically shows the replacement-in-progress of the second
fluid transfer device with the third fluid transfer device according to some
embodiments of the disclosure; and
[0025] FIG. 12 schematically shows the completion of the replacement of the
second fluid transfer device with the third fluid transfer device according to some
embodiments of the disclosure.

DETAILED DESCRIPTION
[0026] Various embodiments of a fluid transfer device, system, and method
are described. It is to be understood that the disclosure is not limited to the particular
embodiments described as such may, of course, vary. An aspect described in
conjunction with a particular embodiment is not necessarily limited to that

embodiment and can be practiced in any other embodiments.
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[0027] All technical and scientific terms used herein have the meaning as
commonly understood by one of ordinary skill in the art unless specifically defined
otherwise. As used in the description and appended claims, the singular forms of “a,”
“an,” and “the” include plural references unless the context clearly dictates otherwise.
The term “or” refers to a nonexclusive “or” unless the context clearly dictates
otherwise. In the following description, well known components or steps may not be
described in detail in order to avoid unnecessarily obscuring the embodiments of the
disclosure.

[0028] As used herein, the phrase “proximal end portion” refers to a portion,
including an extreme end, of a device, member or component that is closer to a user
when in use. The phrase “distal end portion” refers to a portion, including an extreme
end, of a device, member or component that is farther to a user when in use.

[0029] Exemplary embodiments of a fluid transfer device, system, and
method will now be described with reference to the figures. It should be noted that
some figures are not necessarily drawn to scale. The figures are only intended to
facilitate the description of specific embodiments, and are not intended as an
exhaustive description or as a limitation on the scope of the disclosure.

[0030] Referring to FIGS. 1 to 6, various embodiments of a fluid transfer device
100 according to one aspect of the disclosure will now be described.

[0031] As shown FIGS. 1 and 1A, the fluid transfer device 100 includes a
syringe barrel 110, a first plunger 200, and a second plunger 300. The first plunger
200 is slidably movable inside the syringe barrel 110 and includes a proximal end
portion 202, an elongate body portion 204, and a distal end portion 206. The second
plunger 300 is also slidably movable inside the syringe barrel 110 and includes a
proximal end portion 302, an elongate body portion 304, and a distal end portion 306.
The distal end portion 206 of the first plunger 200 is engageable with the proximal
end portion 302 of the second plunger 300 such that when the distal end portion 206
of the first plunger 200 and the proximal end portion 302 of the second plunger 300
are engaged, the second plunger 300 is movable by the first plunger 200, and when
the distal end portion 206 of the first plunger 200 and the proximal end portion 302
of the second plunger 300 are disengaged, the first plunger 200 is movable relative to
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[0032] Referring to FIG 1A, the syringe barrel 110 may include a proximal end
portion 112, a distal end portion 114, and an elongate body portion 116. The
proximal end portion 112 may be open ended and may have a finger grip, flange, or
the like for holding the device, for example, when the first plunger 200 is being
moved relative to the syringe barrel 110. The elongate body portion 116 has an
inside surface 118 defining a chamber 120 for retaining fluid. The elongate body
portion 116 may generally be in a cylindrical shape or any other suitable shapes. The
distal end portion 114 may include a tip 122 having a passageway 124 in fluid
communication with the chamber 120. The tip 122 may be configured to be inserted
into a sampling device. For example, the tip 122 may be configured to engage with a
luer sampling valve, which in turn may be connected to a fluid source via suitable
tubing. Alternatively, the tip 122 may be configured to be inserted to a fluid source
directly. The fluid source may include a reactor or vessel in which a process such as a
pharmaceutical, biopharmaceutical, food, or beverage process or the like is
conducted, or any conduit connected to the reactor or vessel. The syringe barrel 110
may be constructed from any suitable material such as plastic, glass, metal or the like.
[0033] Referring to FIG. 1A and 1B, the first plunger 200 is slidably movable
inside the syringe barrel 110 and includes a proximal end portion 202, an elongate
body portion 204, and a distal end portion 206. The elongate body portion 204 may
have a cross-section with an outer dimension smaller than the internal diameter of
the syringe barrel 110 to allow the first plunger 100 to slidably move relative to the
syringe barrel 110. The elongate body portion 204 of the first plunge 200 may be
hollow or have an internal channel 208 extending from the proximal end portion 202
to the distal end portion 206 through some or all of the elongate body portion 204,
and may further extend to the proximal end portion of 202 (FIG. 1B). The exterior of
the elongate body 204 may generally be cylindrical or in any other suitable shape to
facilitate the movement of the first plunger 200 inside the syringe barrel 110.

[0034] The proximal end portion 202 of the first plunger 200 may have a
finger grip, flange or the like for holding and moving the first plunger 200 relative to
the syringe barrel 110. The distal end portion 206 of the first plunger 200 provides a
liquid tight seal around the circumference of the distal end 206 against the inside
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end portion 206 of the first plunger 200 may be constructed with a suitable sealing
material, e.g. an elastomeric polymer, to provide a circumferential seal between the
distal end portion 206 and the inside surface 118 of the syringe barrel 110.
Alternatively, the circumferential seal may be provided by one or more separate seal
members coupled to the distal end portion of the first plunger 200. An exemplary
seal member 210 shown in FIGS. 1B and 1C may generally be in the shape of a cup
having an annular side and a base defining an interior or receptacle configured to
receive the distal end portion 212 of the elongate body portion 204 of the first
plunger 200. The exterior surface of the annular side of seal member 210 may have
annular rims and a recess therebetween to provide a stable fluid-tight seal against the
inside surface 118 of the syringe barrel 110. The interior surface of the annular side
and the base of the seal member 210 may be configured such that the receptacle
defined by the interior surface conforms to the shape of the distal end portion 212 of
the elongate body portion 204 of the first plunger 200. By way of example, the distal
end 212 may have a reduced cross-sectional dimension and a groove between the
distal end portion 212 and the elongate body portion 204. The seal member 210 may
include an annular edge having an inwardly extended flange to be received in the
groove. Therefore, in some embodiments, the distal end portion 206 of the first
plunger 200 may include a combination of the seal member 210 and the distal end
212 of the elongate body portion 204. The seal member 210 and the distal end
portion 212 may have a pass-through or an opening 214 (FIG. 1A) configured to allow
the elongate body portion 304 of the second plunger 300 to extend therethrough into
the internal channel 208 of the elongate body portion 204 of the first plunger 200, as
will be described in greater detail below.

[0035] Still referring to FIGS. 1A and 1B, the second plunger 300 is slidably
movable inside the syringe barrel 110 and includes a proximal end portion 302, an
elongate body portion 304, and a distal end portion 306. The distal end portion 306
of the second plunger 300 provides a liquid tight seal along the circumference of the
distal end against the inside surface 118 of the syringe barrel 110. The
circumferential seal may be provided by one or more separate seal members coupled
to the distal end portion of the second plunger 300. An exemplary seal member 326

shown in FIGS. 1B and 1C may have a shape similar to the seal member 210 coupled



to the distal end portion 212 of the first plunger 200. For example, the seal member
326 coupled to the distal end portion 328 of the elongate body portion 304 of the
second plunger 300 may generally be in the shape of a cup having a base and an
annular side defining an interior or receptacle configured to receive the distal end
portion 328 of the second plunger 300. The exterior surface of the annular side of the
seal member 326 may have annular rims and a recess therebetween to provide a
stable fluid-tight seal against the inside surface 118 of the syringe barrel 110. The
interior surface of the annular side and base of the seal member 326 may be
configured such that the receptacle defined by the interior surface conforms to the
shape of the distal end portion 328 of the elongate body portion 304. By way of
example, the distal end portion 328 may have an enlarged cross-sectional dimension
and a rear tapered surface between the distal end portion 328 and the elongate body
portion 304. The seal member 326 may include an annular edge having an inwardly
extended flange configured to engage the rear tapered surface. Therefore, in some
embodiments, the distal end portion 306 of the second plunger 300 may include a
combination of the seal member 326 and the distal end 328 of the elongate body
portion 304.

[0036] Referring to FIGS. 1B, 1C and 1D, in some embodiments, the distal end
portion 306 of the second plunger 300 may include a check valve 330. The check
valve 330 may be configured to allow a fluid to pass through in a direction from the
distal end portion towards the proximal end portion of the second plunger and
prevent a fluid from passing through in a direction from the proximal end portion to
the distal end portion of the second plunger. Examples of suitable check valves
include but are not limited to duckbill check valves. A duckbill check valve may
include an elastomeric lip in the shape of a duckbill. A duckbill check valve may be
constructed to allow forward flow with e.g. a positive differential pressure and
prevent back flow with a negative differential pressure. The elasticity of the material
keeps the bill in the closed position in the absence of a sufficient back pressure.
Duckbill check valves are known and commercially available. As shown in greater
detail in FIG. 1C, a duckbill check valve 330 may be secured in the seal member 326
with the duckbill portion 332 (FIG. 3) arranged inside the elongate body portion 304

of the second plunger 300. The duckbill check valve 330 may be constructed as a



one-piece device and secured in the seal member 326 by a press-fit engagement or
other suitable engagement. The duckbill check valve 330 may be aligned with the
passageway 124 in the tip 122 of the syringe barrel 110. Other types of check valves
can alternatively be used in the second plunger and the present disclosure is not so
limited.

[0037] Referring to FIG. 2, the elongate body portion 304 of the second
plunger 300 extends through the opening 214 in the distal end portion 206 of the first
plunger 200 and into the internal channel 208 of the elongate body portion 204 of the
first plunger 200. The elongate body portion 304 of the second plunger 300 may have
a cross-section with an outer dimension smaller than the dimension of the cross-
section of the internal channel 208 of the elongate body portion 204 of the first
plunger 200 to allow the first plunger 200 to move relative to the second plunger 300.
For example, the elongate body portion 304 of the second plunger 300 is slidably
movable into and out of the internal channel 208 via the opening 214 when the first
plunger 200 moves relative to the second plunger 300. In some embodiments, the
elongate body portion 304 of the second plunger 300 is slidably movable in the distal
end portion 206 of the first plunger 200, and need not extend into the elongate body
portion 204 of wherein the first plunger 200 can slidably move relative to the second
plunger 300.

[0038] The arrangement of the two plungers allows formation of a sealed
volume 130 between the distal end portions of the first and second plungers 200 and
300 for retaining potential dead-leg fluid as will be described in greater detail below.
In some embodiments, the elongate body portion 304 of the second plunger 300 may
have a substantially smaller cross-section as compared to the cross-section of syringe
barrel 110 to allow formation of a bigger sealed volume 130.

[0039] A liquid tight seal against the elongate body portion 304 of the second
plunger 300 along the circumference of the opening 214 in the distal end portion 206
of the first plunger 200 may be provided. By way of example, the seal member 210
coupled to the distal end portion 212 of the first plunger 200 may be constructed
from a resilient and/or pliable material, and the opening 214 may be sized to be
slightly smaller than the outer dimension of the cross-section of the elongate body
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portion 304 when the first plunger 200 is slidably moved relative to the second
plunger 300. The seal member 210 coupled to the distal end portion of the first
plunger 200 can be made of a material which can provide a low friction sealing
surface against the elongate body portion 304 of the second plunger 300. Suitable
materials for constructing the seal member 210 include but are not limited to
rubbers, silicone, thermoplastic elastomers, and various other materials known in the
art.

[0040] Referring to FIGS. 3 and 3A, the proximal end portion 302 of the
second plunger 300 may be configured to engage with the distal end portion 206 of
the first plunger 200. By way of example, the proximal end portion 302 of the second
plunger 300 may include an outwardly extended flange with a diameter greater than
the size of the opening 214 in the distal end portion 206 of the first plunger 200. The
proximal end portion 302 may be an integral part of the elongate body portion 304 of
the second plunger 300. When the first plunger 200 is retracted to a certain distance,
the proximal end portion 302 may be engaged with the distal end portion 206 of the
first plunger 200. The engagement allows the second plunger 300 to move with the
first plunger 200 when the first plunger 200 is further retracted.

[0041] Still referring to FIGS. 3 and 3A, the elongate body portion 304 of the
second plunger 300 may have an internal passageway 334 in fluid communication
with the check valve 330 and the passageway 124 in the tip 122 of the syringe barrel
110. Openings 336 such as holes, slots or the like may be provided in the elongate
body portion 304 of the second plunger 300 such that the internal passageway 334 is
also in fluid communication with the sealed volume 130 formed between the distal
end portions 206, 306 of the first and second plungers 200, 300.

[0042] Returning to FIG. 2, when the proximal end portion 302 of the second
plunger 300 and the distal end portion 206 of the first plunger 200 are not engaged,
the first plunger 200 is movable relative to the second plunger 300, e.g., the second
plunger 300 remains stationary when the first plunger 200 is retracted relative to the
syringe barrel 110. This creates a sealed first volume 130 between the distal end
portion of the first plunger 200 and the distal end portion of the second plunger 300.
The sealed first volume 130 is in its maximum when the proximal end portion of the
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engaged, as shown in FIG. 3. The circumferential seal of the distal end portions of the
first and second plungers 200, 300 against the inside surface of the syringe barrel 110
creates a vacuum or negative pressure in the sealed first volume 130. This allows
flow of a fluid into the sealed first volume 130 via the passageway 124 in the tip 122
of the syringe barrel 110, the check valve 330, the internal passageway 334 and
openings 336 in the elongate body portion 304 of the second plunger 300.

[0043] Referring to FIG. 4, when the proximal end portion of the second
plunger 300 and the distal end portion of the first plunger 200 are engaged, further
retraction of the first plunger 200 allows the second plunger 300 to move with the
first plunger 200. The movement of the second plunger 300 with the first plunger
200 creates a second volume 132 between the distal end portion of the second
plunger 300 and the distal end portion of the syringe barrel 110. The circumferential
seal of the distal end portion of the second plunger 300 against the syringe barrel 110
creates a vacuum or negative pressure in the second volume 132. This allows a
representative sample to be drawn into the second volume 132 via the passageway
124 in the tip 122 of the syringe barrel 110.

[0044] The incorporation of the check valve 330 in the second plunger 300
prevents the fluid e.g. dead-leg fluid in the first volume 130 from flowing back into
the second volume 132 which retains the representative sample. The use of the
check valve 330 allows the fluid in a dead-leg or trap of tubing and/or valves of the
fluid transfer system to be cleared and isolated in the sealed first volume 130 before a
representative sample is drawn. Fluid in a dead-leg or trap of the tubing and sampling
valves may have stagnated over a long period of time and would result in an
inaccurate reading of a representative sample if contaminated or mixed with the
dead-leg fluid. Conventionally, a separate standard syringe is used to clear the tubing
and valves by drawing a full sample. The syringe with the full sample is disconnected
and discarded. Then a new syringe is connected to take a representative sample.
[0045] According to certain embodiments of this disclosure, the fluid transfer
device 100 described above can be used to both clear and isolate potential dead-leg
fluid and take a representative sample. Fluid in dead-legs of tubing and valves may be
drawn into the sealed first volume 130. The check valve 330 prevents back flow of

the dead-leg fluid and thus keeps the dead-leg fluid isolated in the sealed first volume
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130. A representative sample is then drawn, via the tubing and valves which have
been cleared. The representative sample may be retained in the second volume 132.

[0046] The volume of potential dead-leg fluid can be pre-determined based
on the tubing and valves used in a fluid transfer system. The maximal capacity of the
sealed first volume 130 can be defined to accommodate at least all of the dead-leg
fluid. By way of example, the length of the elongate body portion of the second
plunger 300 and the dimension of the cross-section of the syringe barrel 110 may be
configured to provide a maximal capacity of the first volume 130 for retaining a fluid
ranging from about 1 ml to about 50 ml.

[0047] Referring to FIG. 5, the representative sample may be subsequently
dispensed for analysis by pushing the first plunger 200. The check valve 330 built into
the distal end portion of the second plunger 300 retains the dead-leg fluid within the
sealed first volume 130 when the first plunger 200 is pushed. Pushing the first
plunger 200 applies a pressure to the second volume, allowing the representative
sample to be dispensed from the second volume 132.

[0048] Referring to FIG. 6, in some embodiments, the fluid transfer device 100
may further include a housing 150. The housing 150 may function to protect the fluid
transfer device from contamination and/or facilitate coupling of the fluid transfer
device with a sampling device. For example, the housing 150 may be constructed or
configured to shroud or enclose a distal end portion of the device 100, including any
tip portion of the syringe barrel configured to engage with a sampling device. The
housing 150 can be configured to allow the syringe barrel 110 to axially slide into and
out of the inside of the housing 150 for engaging with or disengaging from a sampling
device. One or more seals such as O-rings or the like 152 may be provided to seal the
distal end portion of the device 100 from the ambient environment.

[0049] The fluid transfer device 100 may include an interface structure 160
configured to couple with a complementary interface structure in a sampling device
as will be described in greater detail below. The interface structure 160 may include
any suitable mating structure configured to engage with a complementary mating
structure in a sampling device. As shown in FIG. 6, the exemplary interface structure
160 includes one or more grooves 162 configured to slidably engage with one or

more tongues in a sampling device. The interface structure 160 shown in FIG. 6
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includes a frame-like member having an opening 166 covered by a protective film
168. A pair of parallel grooves 162 are provided on opposite sides of the frame-like
member configured to slidably engage with a pair of tongues in the complementary
interface structure of a sampling valve.

[0050] The protective film 168 is configured to cover the opening 166 of the
housing 150 to protect the device 100, including the tip to be engaged with a
sampling device, from contamination by dust, dirt, bacteria or the like. The protective
film 168 may be in the form of paper, metal foils, polymeric films or the like. The
protective film 168 may be attached to the interface structure 160 via bonding or
other suitable means, and can be peeled off or otherwise removed from the interface
structure 160. The protective film 168 may include an extra length 169, tab or the
like for ease of peeling off the film from the interface structure 160 after the interface
structure 160 of the fluid transfer device 100 is coupled with a complementary
interface structure in a sampling device or during the coupling of the fluid transfer
device 100 with a sampling device as will be described in greater detail below.

[0051] Referring to FIGS. 7-12, various embodiments of a fluid transfer
assembly 400 according to another aspect of the disclosure will now be described.
[0052] As shown in FIG. 7, the fluid transfer assembly 400 includes a first fluid
transfer device 500 and a second fluid transfer device 100. The first fluid transfer
device 500 may include an interface structure 512. The second fluid transfer device
100 may include an interface structure 160 complementary to the interface structure
512 of the first fluid transfer device 500. The first and second interface structures
512 and 160 may be configured to slidably engage one another, allowing the second
fluid device 100 to slidably move to position or align with the first fluid transfer device
500. The first fluid transfer device 500 may be configured to connect to a fluid source
such as a reactor or container or a conduit in fluid communication with a reactor or
container. The second fluid transfer device 100 may be configured to aseptically
engage with the first fluid transfer device 500 for sampling the fluid source via the
first fluid transfer device 500.

[0053] The interface structure 512 of the first fluid transfer device 500 may
include a mating structure such as one or more tongues 514. The interface structure

160 of the second fluid transfer device 100 may include a mating structure such as
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one or more grooves 162 to allow the interface structures 512 and 160 slidably
engage one another. Alternatively, the interface structure of the first fluid transfer
device 500 includes one or more grooves and the interface structure of the second
fluid transfer device 100 includes one or more complementary tongues. A locking
mechanism such as latches, slots, forks, stops or the like (not shown) may be included
in the interface structures to secure the coupling once the devices are put in place.
[0054] Still referring to FIG. 7, in some embodiments, the first fluid transfer
device 500 may include a housing 520, and the interface structure 512 may be a part
of the housing 520. The second fluid transfer device 100 may include a housing 150
and the interface structure 160 may a part of the housing 150. As such, the interface
structure 512 may include a frame-like member having an opening 516 covered by a
protective film 518 to protect the device 500 enclosed inside the housing 520 from
contamination. The interface structure 160 may include a frame-like member having
an opening 166 covered by a protective film 168 to protect the device 100 or a distal
end portion of the device 100 enclosed inside the housing 150 from contamination.
Once the first and second fluid transfer devices 500 and 100 are positioned in place or
properly aligned relative to one another, the protective films 518 and 168 can be
removed, opening up the housings 520 and 150 or creating a pass-through for
coupling or engagement of the second fluid transfer device 100 with the first fluid
transfer device 500. The interface structures 512 and 160 may be constructed such
that when the second fluid transfer device 100 is positioned in place with the first
fluid transfer device 500 and the protective films 168 and 518 are removed, the
interface structures 512, 160 abut one another, forming a seal for the housings 520
and 150 from the ambient environment.

[0055] The interface structure 512 of the first fluid transfer device 500 may be
a separately constructed unit assembled to the housing 520, or alternatively, is
integral with the housing 520. The interface structure 160 of the second fluid transfer
device 100 may be a separately constructed unit assembled to the housing 150, or
alternatively, is integral with the housing 150. The housings 520 and 150 of the first
and second fluid transfer devices 500 and 100 can be constructed with any suitable
material such as plastic, metal or the like. The housings 520 and 150 can be

transparent, semi-transparent or non-transparent.
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[0056] Still referring to FIG. 7, the protective films 518 and 168 may be
attached to the interface structures 512 and 160 respectively via bonding or other
suitable means, and are both removable e.g. by peeling or pulling. The protective
films 518 and 168 can be constructed from a suitable material that precludes passage
of contaminants such as dust, dirt, bacteria or the like, and can be in the form of
paper, metal foils, polymeric films or the like. In some embodiments, the protective
films 518 and 168 may each have an extended portion 519 and 169 that sinks or
passes through a slot 522 in the interface structure 512 of the first fluid transfer
device 500 for ease of peeling off the films 518 and 168 attached to the interface
structures 512 and 160 after the second and first fluid transfer devices 100 and 500
are positioned in place as will be described in greater detail below.

[0057] The initial assembling of the first and second fluid transfer devices 500
and 100 may be accomplished by slidably joining them via their interface structures
512 and 160. For example, in an embodiment where the interface structure of the
first fluid transfer device 500 includes tongues or grooves and the interface structure
of the second fluid transfer device 100 includes complementary grooves or tongues,
the tongues and grooves in the corresponding interface structures may be aligned and
joined by sliding the second fluid transfer device 100 against the first fluid transfer
device 500. The extended portion 169 of the protective film 168 of the second fluid
transfer device 100 may sink through the slot 522 in the first fluid transfer device 500
before the tongues and grooves are alighed and joined. During the sliding of the
second fluid transfer device 100 relative to the first fluid transfer device 500, the
extended film portion 169 may be pulled back through the slot 522 and folded over
the second fluid transfer device 100. Thus, the length of the extended film portion
169 may be selected such that its end portion remains outside of the slot 522 once
the second fluid transfer device 100 is slidably positioned or alighed with the first fluid
transfer device 500, to allow pulling of the film 168 attached to the interface structure
160.

[0058] Once the second fluid transfer device 100 is positioned in place or
aligned with the first fluid transfer device 500, the protective films 518 and 168
attached to the first and second interface structures 512 and 160 can be removed e.g.

by pulling or peeling, thereby opening up the housings 520 and 150 respectively and
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creating a pass-through for coupling or engagement of the second fluid transfer
device 100 with the first fluid transfer device 500. FIG. 8 shows that the second fluid
transfer device is positioned in place with the first fluid transfer device 500 and the
protective films 518 and 168 are being peeled off. FIG. 9 shows that the protective
films 518 and 168 are completely removed, creating a pass-through to allow
engagement of the second fluid transfer device 100 with the first fluid transfer device
500.

[0059] The second fluid transfer device 100 may engage with the first fluid
transfer device 500 by e.g. axially pushing the second fluid device 100 against the first
fluid device 500. Sample fluid can then be drawn by the second fluid transfer device
100 via the first fluid transfer device 500.

[0060] In some embodiments, the second fluid transfer device 100 may
include a syringe barrel, two plungers and a check valve as described above in
conjunction with FIGS. 1-5. As such, fluid in the dead-legs, e.g., of the tubing
connecting to the fluid source and/or in the valve of the first fluid device 500 may be
cleared by drawing it into a sealed first volume in the second fluid transfer device 100.
The incorporation of the check valve prevents back flow of the dead-leg fluid and
keeps it isolated in the first volume. A representative sample can then be drawn into
the second volume which is isolated from the first volume by the check valve.

[0061] After a representative sample is drawn, the second fluid transfer device
100 may be disengaged from the first fluid transfer device 500, then displaced or
removed e.g., to allow the sample to be dispensed for analysis, and/or to allow a next
or a third fluid transfer device to position and engage with the first fluid transfer
device 500 for taking additional sample from the fluid source. The second fluid
transfer device 100 may be disengaged from the first fluid transfer device 500 by e.g.
axially retracting the second fluid device 100 away from the first fluid device 500. The
second fluid transfer device 100 can then be displaced from the position of the first
fluid transfer device 500 by sliding via the interface structures 512 and 160.

[0062] FIG. 10 illustrates a method of replacing the second fluid transfer
device 100 with a third fluid transfer device 600. The third fluid transfer device 600
may have a structure identical or substantially identical with the second fluid transfer

device 100. Alternatively, the third fluid transfer device 600 may have a structure
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different from the second fluid transfer device 100. The third fluid device 600 may
include a housing 602 enclosing a distal end portion of the device, an interface
structure 604 such as one or more grooves, and a protective film 606 removably
attached to the interface structure 604 covering an opening in the housing 602. The
protective film 606 may have an extra length or tab that can pass through the slot 522
in the interface structure of the first fluid transfer device 500.

[0063] Referring to FIG. 10, in some embodiments, the displacing of the
second fluid transfer device 100 from the first fluid transfer device 500 and the
positioning of the third fluid transfer device 600 with the first fluid transfer device 500
may be carried out at the same time. This can be accomplished by slidably pushing
the third fluid transfer device 600 against the second fluid transfer device 100 via the
interface structures such that the third fluid transfer device 600 is placed in position
with the first fluid transfer device 500 at the time when the second fluid transfer
device 100 is displaced from the first fluid transfer device 500. The protective film 606
attached to the third fluid transfer device 600 can be peeled gradually while the third
fluid transfer device 600 is pushed against the second fluid transfer device 100,
thereby gradually opening up the housing 602 of the third fluid transfer device 600
and aseptically connecting housing 602 with the housing 520 of the first fluid device
500. In other words, the protective film 606 over the third fluid transfer device 600
may be removed in sync with the positioning of the third fluid transfer device 600
with the first fluid transfer device 500. The protective film 606 can be completely
removed once the third fluid transfer device 600 is positioned in place or aligned with
the first fluid transfer device 500. The replacement method according to the
embodiment described above is beneficial because the sterility of the system can be
preserved while the earlier or second fluid transfer device 100 is being replaced with
the next or third fluid transfer device 600.

[0064] FIG. 11 schematically shows the replacement in progress when the
earlier or second fluid transfer device 100 is being displaced from the position with
the first fluid transfer device 500, the third fluid transfer device 600 is being
positioned in place with the first fluid transfer device 500, and the protective film 606
is being peeled while the third fluid transfer device 600 is sliding against the first fluid

transfer device 100, gradually opening up and aseptically connecting the housing of
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the third fluid transfer device 600 with the housing of the first fluid transfer device
500. FIG. 12 schematically shows that the second fluid transfer device 100 is
displaced from the first fluid transfer device 500, the third fluid transfer device 600 is
positioned or aligned with the first fluid transfer device 500, and the protective film
over the third fluid transfer device 600 is completely removed.

[0065] Once the third fluid transfer device 600 is positioned in place, and
coupled or engaged with the first fluid transfer device 500, an additional
representative sample may be drawn in the manner same or similar to that described
above in connection with the second fluid transfer device 100.

[0066] The first fluid transfer device 500 can be any suitable sampling device
including such as a luer activated valve sampling device. Various luer activated valves
are known in the art and their detailed description is omitted herein in order to focus
the description of embodiments of this disclosure. U.S. Pat. No. 8,544,497 to the
present assignee discloses various embodiments of valves that can be used as the first
fluid transfer device of this disclosure. The disclosure of U.S. Pat. No. 8,544,497 is
incorporated herein by reference in its entirety.

[0067] The second fluid transfer device 100, the third fluid transfer device
600, or any subsequent fluid transfer devices to be coupled with the first fluid transfer
device 500 may comprise any suitable syringe devices available in the art. In some
preferred embodiments of the disclosure, the second, third, and subsequent fluid
transfer devices may include a syringe barrel, two plungers each slidably movable
inside the syringe barrel, and a check valve as described above in conjunction with
FIGS. 1-5.

[0068] The terms “first,” “second,” and “third” are used herein for ease of
description of various embodiments and it should be understood that a “third” can
become a “second” after a “third” fluid transfer device replaces a “second” fluid
transfer device and that the term “third” includes reference to a plurality of fluid
transfer devices having an identical or substantially identical structure.

[0069] A fluid transfer device, assembly, and method have been described.
Those skilled in the art will appreciate that various other modifications may be made

within the spirit and scope of the invention. All these or other variations and
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modifications are contemplated by the inventors and within the scope of the

invention.
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CLAIMS
WHAT IS CLAIMED IS:
1. A fluid transfer assembly, comprising:
a first fluid transfer device;
a second fluid transfer device wherein the second fluid transfer device
can couple to the first fluid transfer device, wherein
the first fluid transfer device comprises an interface structure;
and
the second fluid transfer device comprises an interface
structure complementary to the interface structure of the first fluid
transfer device,
wherein the interface structure of the first fluid transfer device comprises one or
more tongues or one or more grooves and the interface structure of the
second fluid transfer device comprises one or more grooves or one or more
tongues slidably complementary to the one or more tongues or the one or
more grooves of the second fluid transfer device, thereby allowing the second
fluid transfer device to slide perpendicularly in positioning with the first fluid
transfer device.
2. The fluid transfer assembly of claim 1, wherein
the first fluid transfer device further comprises a housing enclosing at
least a proximal portion of the first fluid transfer device and having an
opening, and a protective film covering the opening in the housing of the first
fluid transfer device;
the second fluid transfer device further comprises a housing enclosing
at least a distal portion of the second fluid transfer device and having an
opening, and a protective film covering the opening in the housing of the
second fluid transfer device;
wherein the protective films of the first and second fluid transfer
devices are removable.
3. The fluid transfer assembly of claim 2, wherein
the protective film of the first fluid transfer device is removably

attached to the interface structure of first fluid transfer device; and
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the protective film of the second fluid transfer device is removably
attached to the interface structure of the second fluid transfer device.

The fluid transfer assembly of claim 3, wherein the interface structures of the
first and second fluid transfer devices seal the housings of the first and second
fluid transfer devices once the protective films of the first and second fluid
transfer devices are removed.

The fluid transfer assembly of claim 3, wherein the housing of the first fluid
transfer device and/or the housing of the second fluid transfer device
comprise a transparent or semi-transparent plastic.

The fluid transfer assembly of claim 3 further comprising a third fluid transfer
device, the third fluid transfer device comprises a structure substantially same
as a structure of the second fluid transfer device.

The fluid transfer assembly of claim 6 wherein the second and third fluid
transfer devices comprise a syringe device.

The fluid transfer assembly of claim 7, wherein the syringe device comprises:

a syringe barrel having an inside surface defining a chamber and a
distal end portion comprising a passageway;

a first plunger slidably movable inside the chamber, the first plunger
comprising a proximal end portion, an elongate body portion, and a distal end
portion, the distal end portion of the first plunger providing a circumferential
seal against the inside surface of the syringe barrel; and

a second plunger slidably movable inside the chamber, the second
plunger comprising a proximal end portion, an elongate body portion, and a
distal end portion, the distal end portion of the second plunger providing a
circumferential seal against the inside surface of the syringe barrel, wherein

the distal end portion of the first plunger is engageable with the
proximal end portion of the second plunger such that when the distal end
portion of the first plunger and the proximal end portion of the second
plunger are engaged.

The fluid transfer assembly of claim 8, wherein
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10.

11.

12.

the elongate body portion of the first plunger comprises an internal
channel and the distal end portion of the first plunger has a pass-through into
the internal channel; and

the elongate body portion of the second plunger is slidably movable
through the pass-through, and the proximal end portion of the second plunger
is engageable with the distal end portion of the first plunger.
The fluid transfer assembly of claim 9, wherein the pass-through in the distal
end portion of the first plunger provides a circumferential seal against the
elongate body portion of the second plunger.
The fluid transfer assembly of claim 10, wherein a sealed first volume is
defined between the distal end portion of the first plunger and the distal end
portion of the second plunger when the first plunger is proximally moved
relative to the second plunger, and a second volume is defined between the
distal end portion of the second plunger and the distal end portion of the
syringe barrel when the second plunger is proximally moved by the first
plunger.
The fluid transfer assembly of claim 10, wherein the second plunger further

comprises a check valve in the distal end portion.
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