DESCRIPTION

METHOD AND APPARATUS FOR TRANSFERRING LIQUID CARGO IN

PRESSURIZATION TYPE

TECHNICAL FIELD

[0001] The present disclosure herein relates to a pressing-type apparatus for

transferring a liquid cargo and a method thereof.

BACKGROUND ART

[0002] A pump tower, which is a pipe structure, is provided in a cargo tank in order to
load or discharge a liquefied natural gas (LNG) in a LNG carrying vessel including a
typical GTT membrane-type cargo tank. The pump tower is used as a liquid line for
discharging the LNG through a pipe while simultaneously supporting all sorts of pipes and
a LNG cargo pump.

[0003] FIG. 1 is a view illustrating a typical pump tower installed in a cargo tank.
[0004] Referring to FIG. 1, when the LNG is typically loaded and discharged, the
LNG is transferred through the same liquid line at the outside of the cargo tank, but the
LNG is loaded through a filling pipe 2 and discharged through a discharge pipe 4 at the
inside of the cargo tank. This is because when the discharge pipe 4 is used for filling, the
cargo pump 5 may be damaged due to a reverse rotation, and when the cooled LNG is
loaded through the discharge pipe, which is a structural support, a stress may be generated
in an entire structure due to thermal contraction as a submerged-type LNG cargo pump 5 is

attached at a lowermost end of the discharge pipe 4.



[0005] Particularly, since the LNG cargo pump 5 may not be instantly repaired in case
of malfunction, two LNG cargo pumps are necessary for each cargo tank 1, and separate
additional line is required to install an emergency pump, thereby requiring economic costs
for building a facility.

[0006] Also, a remote controllable valve is required in order to resolve the above-
described limitation by including a separate branch line. However, this method is also
impossible because an actuator capable of operating under an extremely low temperature
environment is hardly developed. Thus, a LNG loading and discharging system in a tank
of a typical vessel loads the LNG by including the filling pipe 2 separated from the
discharge pipe 4.

[0007] However, since the fluid loading and discharging structure in the tank of the
typical vessel requires the separate filling pipe 2, a constitution thereof is complex, and
since a member for supporting the filling pipe 2 in addition to the filling pipe 2 is required,
economic costs increases for building the facility. Thus, the fluid loading and discharging
structure having high economic feasibility by minimizing components related to the liquid
lines is demanded.

[0008] Therefore, a technique development capable of filling a fluid through the
discharge pipe 4 is required so that the fluid loading and discharging structure in the tank

satisfies the above-described requirements.

DISCLOSURE OF THE INVENTION

TECHNICAL PROBLEM

[0009] The present disclosure provides a pressing-type liquid cargo transfer apparatus

capable of simplifying a constitution of loading and discharging a liquid cargo in a cargo



tank by unifying a filling pipe and a discharge pipe, and a method thereof.
[0010] The object of the present invention is not limited to the aforesaid, but other
objects not described herein will be clearly understood by those skilled in the art from

descriptions below.

TECHNICAL SOLUTION

[0011] An embodiment of the inventive concept provides an apparatus for transferring
a liquid cargo, the apparatus including: a liquid cargo transfer line connected to a liquid
cargo storage tank; a drum connected to the liquid cargo transfer line and configured to
provide a space for storing a liquid cargo; and a pressing unit configured to press the liquid
cargo storage tank so that the liquid cargo stored in the liquid cargo storage tank is supplied
to the drum through the liquid cargo transfer line.

[0012] In an embodiment, the apparatus may further include a filling line connected to
the liquid cargo transfer line and configured to receive the liquid cargo from the outside.
[0013] In an embodiment, the pressing unit may include: a compressor configured to
receive a boil-off gas from the drum and compress the received boil-off gas; and a gas
transfer line configured to supply the boil-off gas, which is compressed in the compressor,
to the liquid cargo storage tank.

[0014] In an embodiment, the pressing unit may further include a terminal gas line
connected to the compressor and configured to supply a boil-off gas from the liquid cargo
storage terminal.

[0015] In an embodiment, the apparatus may further include a cooling unit configured
to prevent temperature increase of the liquid cargo storage tank when the compressed boil-

off gas is supplied to the liquid cargo storage tank.



[0016] In an embodiment, the cooling unit may include: an injection nozzle installed
in the liquid cargo storage tank to inject the liquid cargo; and a cooling supply line
configured to connect the injection nozzle with the drum and supply a portion of the liquid
cargo stored in the drum to the injection nozzle by an auxiliary pump.

[0017] In an embodiment, the pressing unit may further include a bypass line
bypassing the compressor and connected to the gas transfer line, and the boil-off gas
generated from the liquid cargo storage tank may be supplied between the compressor and
the drum through the gas transfer line and the bypass line, compressed in the compressor,
and then supplied to a gas demand source.

[0018] In an embodiment, the apparatus may further include: a collecting line
configured to store surplus boil-off gas, which is remained from the boil-off gas
compressed in the compressor after supplied to the gas demand source, in the drum; and an
exhaust line branched from the gas transfer line and configured to exhaust a boil-off gas
generated from the drum.

[0019] In an embodiment, the apparatus may further include: a discharge line
connected to a lower portion of the drum in order to unload the liquid cargo stored in the
drum; and a main pump installed on the discharge line and configured to apply a transfer
pressure to the liquid cargo stored in the drum and pump the liquid cargo.

[0020] In an embodiment, the apparatus may further include a drum pressure adjusting
part configured to adjust a pressure of the drum in order to constantly maintain a flow
amount of the liquid cargo discharged through the discharge line.

[0021] In an embodiment, the drum pressure adjusting part may include: a water level
detecting member configured to measure a water level of the liquid cargo in the drum; a

pressure measuring member configured to measure a pressure of a boil-off gas in the drum;



and a controller configured to receive a measured value from the water level detecting
member and the pressure measuring member and control a discharge amount of the boil-off
gas in the drum. Here, the controller may control a vapor control valve installed on a gas
transfer line through which the boil-off gas in the drum is discharged and a control valve
installed on the discharge line and the main pump. Also, the controller may control the
vapor control valve so that an amount of the boil-off gas exhausted through the gas transfer
line decreases when the pressure of the boil-off gas in the drum with respect to the water
level of the liquid cargo in the drum is less than a preset ratio, and control the vapor control
valve so that the amount of the boil-off gas exhausted through the gas transfer line
increases when the pressure of the boil-off gas in the drum with respect to the water level
of the liquid cargo in the drum is greater than a preset ratio.

[0022] In an embodiment, the pressing unit may prevent pressure decrease of the
liquid cargo storage tank by supplying at least one of a boil-off gas supplied from the
liquid cargo storage terminal, a boil-off gas generated in the drum, and a gas obtained by
evaporating the liquid cargo stored in the drum to the liquid cargo storage tank through the
gas transfer line when the liquid cargo is loaded from the liquid cargo storage terminal to
the liquid cargo storage tank.

[0023] In an embodiment of the inventive concept, a method for transferring a liquid
cargo includes: pressing a liquid cargo storage tank by using a boil-off gas so that a liquid
cargo stored in the liquid cargo storage tank is transferred to a drum; and discharging the
liquid cargo stored in the drum to a liquid cargo storage terminal through pumping of a
main pump. Here, wherein the boil-off gas used to press the liquid cargo storage tank uses
a compressed boil-off gas obtained by compressing a boil-off gas, which is generated in the

drum, in a compressor.



[0024] In an embodiment, the pressing of the liquid cargo storage tank may receive
and use a boil-off gas generated in the liquid cargo storage terminal when the boil-off gas
used to press the liquid cargo storage tank is insufficient, and prevent temperature increase
of the liquid cargo storage tank by inserting and pressing the compressed boil-off gas into
the liquid cargo storage tank while simultaneously injecting the liquid cargo supplied from
the drum.

[0025] In an embodiment, a portion of the liquid cargo may be stored in the drum
when the liquid cargo is unloaded form the liquid cargo storage tank, cool-down of a pump,
which is performed before the main pump is used, may be performed by using the liquid
cargo stored in the drum, and a boil-off gas generated during the cool-down of the pump

may be supplied to the liquid cargo storage tank.

ADVANTAGEOUS EFFECTS

[0026] According to the embodiment of the inventive concept, as the liquid cargo may
be filled and discharged through the liquid cargo transfer line, the constitution may be
simplified because the separate pump tower is not required in the storage tank, and price
competitiveness may increase.

[0027] The embodiment of the inventive concept exhibits the special effect of using
the liquid cargo for various purposes.

[0028] According to the embodiment of the inventive concept, the flow amount
discharged may be constantly maintained at all times through adjusting the pressure of the
drum

[0029] The object of the present invention is not limited to the aforesaid, but other

objects not described herein will be clearly understood by those skilled in the art from



descriptions below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 is a view illustrating a typical pump tower installed in a cargo tank.
[0031] FIG. 2 is a view illustrating a floating-type marine structure with a liquid cargo
transfer apparatus applied.

[0032] FIG. 3 is a view for explaining a process of loading a liquid cargo to a storage
tank.

[0033] FIG. 4 is a view showing a movement path of a boil-off gas in case of a laden
voyage.

[0034] FIG. 5 is a view showing another movement path of the boil-off gas.

[0035] FIG. 6 is a view for explaining a process of cooling down a main pump.

[0036] FIG. 7 is a view for explaining a process of unloading the liquid cargo from the
storage tank.

[0037] FIG. 8 is a view showing a transfer path of a boil-off gas in case of a ballast
voyage.

[0038] FIG. 9 is a view illustrating a configuration for adjusting a pressure of a drum
in the liquid cargo transfer apparatus.

[0039] FIG. 10 is a table showing a pressure curve of a boil-off gas and a water level
in the drum.

[0040] FIG. 11 is a view for explaining a process of preventing a drastic pressure
reduction of the storage tank by using a boil-off gas supplied from a liquid cargo storage
terminal when the liquid cargo is loaded to the storage tank.

[0041] FIG. 12 is a view for explaining a process of preventing a drastic pressure



reduction of the storage tank by evaporating a liquid cargo stored in the drum and
supplying the liquid cargo to the storage tank when the liquid cargo is loaded to the storage
tank.

[0042] FIG. 13 is a view for explaining a process of preventing a drastic pressure
reduction of the storage tank by supplying a boil-off gas of the drum into the storage tank

when the liquid cargo is loaded to the storage tank.

MODE FOR CARRYING OUT THE INVENTION

[0043] Hereinafter, specific embodiments will be described in detail with reference to
the accompanying drawings. The present invention may, however, be embodied in
different forms and various modifications and variations can be made in the present
invention.  However, this does not limit the present invention within specific
embodiments and it should be understood that the present invention covers all the
modifications, equivalents, and replacements within the idea and technical scope of the
present invention. Moreover, detailed descriptions related to well-known functions or
configurations will be ruled out in order not to unnecessarily obscure subject matters of the
present invention.

[0044] In the following description, the technical terms are used only for explaining a
specific exemplary embodiment while not limiting the present invention. The terms of a
singular form may include plural forms unless referred to the contrary. The meaning of
‘include’ or ‘comprise’ specifies a property, a region, a fixed number, a step, a process, an
element and/or a component but does not exclude other properties, regions, fixed numbers,
steps, processes, elements and/or components.

[0045] It will be understood that although the terms such as ‘first’ and ‘second’ are



used herein to describe various elements, these elements should not be limited by these
terms. The terms are only used to distinguish one component from other components.
[0046] Hereinafter, the particle separation apparatus of the present invention is
described in more detail with reference to the accompanying drawings and, while
describing of the accompanying drawings, the same or corresponding components are
given with the same drawing number, and its overlapping description will be omitted.
[0047] FIG. 2 is a view illustrating a floating-type marine structure with a liquid cargo
transfer apparatus applied.

[0048] As shown in FIG. 2, a floating-type marine structure 10 includes a hull 30
including liquid cargo storage tanks 20. The liquid cargo is unloaded from the liquid
cargo storage tank 20 by an apparatus 100 for transferring a liquid cargo (hereinafter,
referred to as a liquid cargo transfer apparatus), which is installed in the hull 30.

[0049] Here, when drilling for crude oil or natural gas is performed on the sea, the
floating-type marine structure 10 may be a floating production, storage and offloading
(FPSO), which is a marine floating structure for temporarily storing the crude oil or the
natural gas or processing the same, a floating liquefied natural gas (FLNG), which is a
natural gas production and storing facility, or a floating storage and regasification unit
(FSRU). However, the embodiment of the inventive concept is not limited thereto. For
example, the floating-type marine structure 10 may be a structure in which a storage tank
for storing a liquid cargo is installed.

[0050] The liquid cargo transfer apparatus 100 according to an embodiment of the
inventive concept may perform loading and unloading of a liquid cargo by unifying a
filling pipe and a discharge pipe, and transfer a liquid cargo by compressing the liquid

cargo stored in the liquid cargo storage tank 20 (hereinafter, referred to as a storage tank)
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by using boil-off gas stored in a drum 120 without including a submerged transfer pump
for applying a transfer pressure to the liquid cargo during an unloading operation.

[0051] The liquid cargo transfer apparatus 100 may be appropriately applied when a
hydraulic pressure is low, e.g., a small-sized LNG tank or a storage tank of a liquid cargo
having an extremely low density (e.g., liquefied hydrogen).

[0052] The liquid cargo transfer apparatus 100 may include a liquid cargo transfer line
110, a drum 120, a filling line 130, a pressing unit 200, a cooling unit 300, a discharge line
140, and a main pump 150.

[0053] The liquid cargo transfer line 110 passes from a lower portion to an upper
portion of the storage tank 20 and is connected to the drum 120 installed on a deck of the
hull 30.  The filling line 130 is connected to the liquid cargo transfer line 110.

[0054] The drum 120 has a storage space for storing the liquid cargo and has a
capacity less than the storage tank 20.

[0055] The pressing unit 200 presses the storage tank 20 so that the liquid cargo stored
in the storage tank 20 is supplied to the drum 120 through the liquid cargo transfer line 110.
[0056] For example, the pressing unit 200 may include a compressor 220, a gas
transfer line 210, a terminal gas line 230, a pump gas line 240, and a bypass line 250.
The compressor 220 is installed on the gas transfer line 210. The compressor 220
receives the boil-off gas from the drum 120 and compresses the received boil-off gas, and
the boil-off gas, which is compressed in the compressor 220, (hereinafter, referred to as
compressed boil-off gas) is supplied to each of the storage tanks 20 through the gas
transfer line 210.

[0057] The gas transfer line 210 is connected to an upper end of the storage tank 20.

The gas transfer line 210 may be used as a path for supplying the compressed boil-off gas
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to the storage tank 20 and a path for discharging the boil-off gas of the storage tank. A
demand source supply line 212 for supplying the boil-off gas to a demand source may be
connected to the gas transfer line 210. The demand source supply line 212 may be
connected to a first drum gas line 214. The first drum gas line 214 is branched from the
gas transfer line 210, which corresponds to a section between the compressor 220 and the
drum 120, and connected to the demand source supply line 212. The first drum gas line
214 may be connected to a first point P1 on the gas transfer line 210 corresponding to a
section between the compressor 220 and the storage tank 20.

[0058] A second drum gas line 216 may be branched from the first drum gas line 214,
and the second drum gas line 216 may be connected to a second point P2 at which the
bypass line 250 and the gas transfer line 210 are joined.

[0059] The bypass line 250 may be connected to the gas transfer line 210 to bypass the
compressor 220 for compressing a boil-off gas generated from the storage tank 20. The
bypass line 250 may have one end connected to the second point P2 on the gas transfer line,
which corresponds to the section between the compressor 220 and the storage tank 20, and
the other end connected to a third point P3 of the gas transfer line 210, which corresponds
to a section between the compressor 220 and the drum 120. On the other hand, surplus
boil-off gas, which is remained from the boil-off gas compressed in the compressor 220
after supplied to a gas demand source, may move to the drum 120 from the compressor
220 through the first drum gas line 214. As described above, the first drum gas line 214
may be used as a collecting line that collects the boil-off gas as necessary.

[0060] An exhaust line 260 is connected to the bypass line 250. The exhaust line 260
may be connected to another demand source (additional demand source) that demands the

boil-off gas.
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[0061] A terminal gas line 230, which receives the boil-off gas from a liquid cargo
storage terminal (not shown), is connected to the compressor 220. The pressing unit 200
may receive the boil-off gas from the liquid cargo storage terminal through the terminal
gas line 230 when the compressed boil-off gas, which is provided from the storage tank 20,
is insufficient.  Also, a pump gas line 240, which receives the boil-off gas from the main
pump 150, may be connected to the compressor 220.

[0062] The discharge line 140 is connected to a lower portion of the drum 120. The
main pump 150 is installed on the exhaust line 140. The main pump 150 applies a
transfer pressure to the liquid cargo stored in the drum 120.

[0063] The cooling unit 300 prevents temperature increase of the storage tank 20 when
the compressed boil-off gas is supplied to the storage tank 20. For example, the cooling
unit 300 may include an injection nozzle 310, a cooling supply line 320, and an auxiliary
pump 330.

[0064] The injection nozzle 310 is installed at an inner upper portion of the storage
tank 20 to inject the liquid cargo.

[0065] The cooling supply line 320 connects the injection nozzle 310 and the drum
120. The auxiliary pump 330 applies a transfer pressure for supplying a portion of the
liquid cargo stored in the drum 120 to the injection nozzle 310.

[0066] FIG. 3 is a view for explaining a process of loading (filling) the liquid cargo to
the storage tank. For reference, a transfer path of the liquid cargo is expressed by a dotted
line, and a transfer path of the boil-off gas is expressed by a thick solid line for
convenience of description. Also, in FIGS. 3 to 8 and 11 to 13, a valve, which has an
inside colored in black, of valves installed on each of the lines represents a closed state,

and a valve, which is not colored in black, represents an opened state.
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[0067] As illustrated in FIG. 3, the liquid cargo passes the liquid cargo transfer line
110 through the filling line 130 and is stored in the storage tank 20. Here, a portion of the
liquid cargo is stored in the storage space of the drum 120. The liquid cargo stored in the
storage space of the drum 120 may be used to cool down the main pump 150. The boil-
off gas generated from the storage space of the drum 120 and the boil-off gas generated
from the storage tank 20 may be supplied to an additional demand source through the
exhaust line 260 connected to the bypass line 250.

[0068] Here, the additional demand source may require the boil-off gas and be driven
by using the boil-off gas as a raw material. For example, the additional demand source
may be an electric generator (e.g., DFDG), a gas combustion apparatus (GCU), or a boiler
(e.g., a boiler generating steam). However, the embodiment of the inventive concept is
not limited thereto.

[0069] FIG. 4 is a view showing a movement path of the boil-off gas in case of a laden
voyage.

[0070] For reference, the transfer path of the liquid cargo is expressed by a dotted line,
and the transfer path of the boil-off gas is expressed by a thick solid line for convenience
of description.

[0071] Referring to FIG. 4, the boil-off gas generated in the storage tank 20 in case of
the laden voyage, in which the liquid cargo is fully laden in the storage tank, may pass
through the gas transfer line 210 and the bypass line 250, be compressed in the compressor
220, and then be supplied to the demand source through the demand source supply line 212.
Also, when an amount of the boil-off gas generated in the storage tank 20 is insufficient,
the boil-off gas in the drum 120 may be provided. Alternatively, the liquid cargo may be

supplied to the demand source by using the auxiliary pump 330 installed on the cooling
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supply line 320.

[0072] For reference, the demand source may be a high pressure engine using the boil-
off gas (or liquefied gas) that is evaporated by being compressed at a pressure of about 200
bar to about 400 bar by the compressor and using the high pressure boil-off gas at about
300 bar, or an engine for directly rotating a propeller shaft to drive a propeller or
generating other powers.

[0073] FIG. 5 is a view showing another movement path of the boil-off gas.

[0074] For reference, a movement path of the boil-off gas is expressed by a thick solid
line for convenience of description.

[0075] Referring to FIG. 5, when an amount of the boil-off gas used in the demand
source is reduced due to slow sailing, the surplus boil-off gas may be compressed through
the compressor 220, and then stored in the drum 120 through the first drum gas line 215 at
the first point P1.

[0076] FIG. 6 is a view for explaining a process of cooling down the main pump.
[0077] For reference, a movement path of the boil-off gas is expressed by a thick solid
line for convenience of description.

[0078] Referring to FIG. 6, since the main pump 150 is exposed to the external
atmosphere unlike the typical submerged pump installed in the storage tank, a cool-down
process is necessary before performing an unloading operation. The cool-down of the
main pump 150 is performed in advance by using the liquid cargo stored in the drum 120.
[0079] In this process, the boil-off gas generated from the main pump 150 is supplied
to the compressor 220 through the pump gas line 240. Also, the boil-off gas in the drum
120 and the right side storage tank may be supplied to the compressor. The boil-off gas

compressed in the compressor 220 (hereinafter, referred to as compressed boil-off gas) is
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supplied to the left side storage tank of the two storages tanks through the gas transfer line
210. The liquid cargo in the left side storage tank is transferred to the drum 120 through
the liquid cargo transfer line 110 by the pressing force of the compressed boil-off gas.
Thus, the drum 120 may receive the liquid cargo that is used for the cool-down of the main
pump 150.

[0080] FIG. 7 is a view for explaining a process of unloading the liquid cargo from the
storage tank. For reference, the transfer path of the liquid cargo is expressed by a dotted
line, and the transfer path of the boil-off gas is expressed by a thick solid line for
convenience of description.

[0081] As illustrated in FIG. 7, the unloading operation is performed such that the
pressing unit 200 presses the two storage tanks 20, and the liquid cargo stored in the
storage tank 20 moves to the drum 120 through the liquid cargo transfer line 110 by the
pressing force of the compressed boil-off gas.

[0082] In this compression process, since the compressed boil-off gas, which passes
through the compressor 220, has a room temperature greater than the liquid cargo in the
storage tank 20, the compressed boil-off gas may cause an inner temperature of the storage
tank 20 to increase. In order to minimize the above-described limitation, the inner
temperature increase of the storage tank 20 is restricted through the cooling unit 300 in the
compression process. That is, when the liquid cargo is sprayed in the storage tank 20
while simultaneously pressing the compressed boil-off gas into the storage tank 20, the
temperature increase of the storage tank 20 may be prevented as the low temperature liquid
cargo cools the compressed boil-off gas, and a required amount of the compressed boil-off
gas discharged through the compressor 220 may be reduced, thereby reducing a capacity of

the compressor 220. The liquid cargo sprayed in the storage tank 20 is supplied from the
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drum 120.

[0083] Also, the liquid cargo moving from the storage tank 20 to the drum 120 is
transferred to a liquid cargo storage terminal (e.g., a carrying vessel or a ground storage
tank) (not shown) through the discharge line 140, and here, the liquid cargo is transferred
by the main pump 150.

[0084] FIG. 8 is a view showing the transfer path of the boil-off gas in case of a ballast
voyage.

[0085] For reference, the movement path of the boil-off gas is expressed by a thick
solid line for convenience of description.

[0086] Referring to FIG. 8, since an amount of the boil-off gas generated from the
storage tank 20 is reduced in case of the ballast voyage, the required boil-off gas for sailing
may receive from the liquid cargo stored in the drum 120. That is, the liquid cargo of the
drum 120 may be supplied to an evaporator (not shown) through the liquid cargo cooling
line 320 and then supplied to the demand source.

[0087] FIG. 9 is a view illustrating a configuration for adjusting a pressure of the
drum in the liquid cargo transfer apparatus.

[0088] Referring to FIG. 9, the liquid cargo transfer apparatus 100 includes a drum
pressure adjusting part 122. The drum pressure adjusting part 122 adjusts the pressure of
the drum 120 to constantly maintain a flow amount of the liquid cargo discharged through
the discharge line 140.

[0089] For example, the drum pressure adjusting part 122 may include: a water level
detecting member 124 for measuring a water level of the liquid cargo in the drum 120; a
pressure measuring member 126 for measuring a pressure of the boil-off gas in the drum

120; and a controller 128 for receiving a measured value from the water level detecting
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member 124 and the pressure measuring member 126 to control a discharge amount of the
boil-off gas in the drum 120.

[0090] The controller 128 may control each of a vapor control valve 211 installed on
the gas transfer line 210 through which the boil-off gas in the drum 120 is discharged and a
control valve 142 installed on the discharge line 140 and the main pump 150.

[0091] The controller 128 controls the vapor control valve 211 so that an amount of
the boil-off gas exhausted through the gas transfer line 210 decreases when the water level
of the liquid cargo in the drum 120 increases more than a preset water level, and the
pressure of the boil-off gas in the drum 120 is low. Also, the controller 128 controls the
vapor control valve 211 so that the amount of the boil-off gas exhausted through the gas
transfer line 210 increases when the water level of the liquid cargo in the drum 120
increases more than the preset water level, and the pressure of the boil-off gas in the drum
120 is high.

[0092] As described above, when a flow amount introduced to the drum 120 is greater
than that discharged through the discharge line 140, the water level of the drum 120
increases, and thus the pressure in the drum 120 increases. Since a pressure difference
between the storage tank 20 and the drum 120 decreases, the flow amount introduced to the
drum 120 naturally decreases. On the contrary, when the water level of the drum 120
decreases, as the pressure in the drum 120 decreases, and thus the flow amount introduced
to the drum 120 increases, the flow amounts introduced to and discharged from the drum
120 may be constantly adjusted. Since the liquid cargo in the drum 120 is evaporated by
introduced heat, the inside of the drum 120 is pressed. Here, the pressure in the drum
may be controlled on the basis of a pressure curve P of the boil-off gas and the water level

as in FIG. 10.
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[0093] FIG. 11 is a view for explaining a process of preventing a drastic pressure
reduction of the storage tank by using the boil-off gas supplied from the liquid cargo
storage terminal when the liquid cargo is loaded to the storage tank.

[0094] When the liquid cargo is loaded to the storage tank 20 from an external tank
such as the carrying vessel or the liquid cargo storage terminal (e.g., the ground storage
tank), a remained gas in the storage tank 20 may be rapidly contracted to drastically reduce
the pressure thereof due to a temperature difference between the liquid cargo stored in the
storage tank 20 and the liquid cargo supplied to the storage tank 20.

[0095] When the pressure in the storage tank 20, which is a membrane tank, decreases
to a negative pressure, a primary barrier contacting the liquid cargo of the storage tank 20
has an extremely high damage possibility. Although the rapid contraction of the gas in
the storage tank 20 may be prevented by slowing down a speed of loading the liquid cargo
to the storage tank 20, there is a limitation in that productivity is degraded because of a
long loading time, and thus continuous monitoring is required.

[0096] As illustrated in FIG. 11, when the liquid cargo is loaded to the storage tank 20,
the boil-off gas may be sequentially transferred from an external tank such as a terminal or
a bunker vessel through the terminal gas line 230, the bypass line 250, the exhaust line 260,
and the gas transfer line 210 and supplied into the storage tank 20. As described above,
when the boil-off gas (natural gas) is received from the external tank such as the terminal
or the bunker vessel and injected into the storage tank 20 in case of loading the liquid
cargo to the storage tank 20, the rapid contraction of the gas in the storage tank 20 may be
prevented without slowing down the speed of loading the liquid cargo to prevent the
damage generated on the membrane barrier of the storage tank 20.

[0097] FIG. 12 is a view for explaining a process of preventing a drastic pressure
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reduction of the storage tank by evaporating the liquid cargo stored in the drum and
supplying the liquid cargo to the storage tank when the liquid cargo is loaded to the storage
tank.

[0098] In the embodiment illustrated in FIG. 12, a liquid cargo supply line 410 is
connected to the cooling supply line 320. The liquid cargo stored in the drum 120 is
supplied to an evaporator 420 through the cooling supply line 320 and the liquid cargo
supply line 410, evaporated in the evaporator 420, and then supplied to a gas supply line
430 connected to the terminal gas line 230. The gas evaporated in the evaporator 420 is
sequentially transferred through the gas supply line 430, the terminal gas line 230, the
bypass line 250, the exhaust line 260, and the gas transfer line 210 and supplied into the
storage tank 20.

[0099] As described above, as the liquid cargo supplied from the drum 120 is
evaporated and then supplied into the storage tank 20 when the liquid cargo is loaded to the
storage tank 20, the rapid contraction of the gas in the storage tank 20 may be prevented
without slowing down the speed of loading the liquid cargo to prevent the damage
generated on the membrane barrier of the storage tank 20. Also, according to the
embodiment in FIG. 12, although a sufficient amount of the boil-off gas is not supplied
from a terminal or a tank of a bunker vessel, drastic pressure decrease of the storage tank
20 may be prevented.

[00100] FIG. 13 is a view for explaining a process of preventing a drastic pressure
reduction of the storage tank by supplying the boil-off gas of the drum into the storage tank
when the liquid cargo is loaded to the storage tank.

[00101] As illustrated in FIG. 13, when the liquid cargo is loaded to the storage tank 20,

as the boil-off gas (natural gas) of the drum 120 is sequentially transferred through the
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second drum gas line 216 and the gas transfer line and supplied into the storage tank 20,
the rapid contraction of the gas in the storage tank 20 may be prevented without slowing
down the speed of loading the liquid cargo to prevent the damage generated on the
membrane barrier of the storage tank 20. Also, according to the embodiment in FIG. 13,
although a sufficient amount of the boil-off gas is not supplied from a terminal or a tank of
a bunker vessel, drastic pressure decrease of the storage tank 20 may be prevented.

[00102] Although not shown, two or more methods of the method for supplying the
boil-off gas supplied from the external tank such as the terminal or the bunker vessel into
the storage tank, the method for supplying the boil-off gas of the drum 120 into the storage
tank 20, and the method for supplying the gas obtained by evaporating the liquid cargo
supplied from the drum 120 into the storage tank 20 may be simultaneously used to
prevent the drastic pressure decrease of the storage tank 20 when the liquid cargo is loaded.
[00103] The above-disclosed subject matter is to be considered illustrative, and not
restrictive, and the appended claims are intended to cover all such modifications,
enhancements, and other embodiments, which fall within the true spirit and scope of the
present disclosure. The invention may, however, be embodied in many different forms
and should not be construed as being limited to the embodiments set forth herein.  Rather,
these embodiments are provided so that this disclosure will be thorough and complete, and
will fully convey the concept of the invention to those skilled in the art. Therefore, the
scope of the invention is defined not by the detailed description of the invention but by the
appended claims, and all differences within the scope will be construed as being included

in the present disclosure.
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CLAIMS

1. An apparatus for transferring a liquid cargo, the apparatus comprising:

a liquid cargo transfer line connected to a liquid cargo storage tank;

a drum connected to the liquid cargo transfer line and configured to provide a
space for storing a liquid cargo;

a filling line connected to the liquid cargo transfer line and configured to receive
the liquid cargo from the outside; and

a pressing unit configured to press the liquid cargo storage tank so that the liquid
cargo stored in the liquid cargo storage tank is supplied to the drum through the liquid
cargo transfer line,

wherein the pressing unit comprises a compressor configured to receive a boil-off
gas from the drum and compress the received boil-off gas and a gas transfer line
configured to supply the boil-off gas, which is compressed in the compressor, to the liquid

cargo storage tank.

2. The apparatus of claim 1, wherein the pressing unit further comprises a
terminal gas line connected to the compressor and configured to supply a boil-off gas from

the liquid cargo storage terminal.

3. The apparatus of claim 1, further comprising a cooling unit configured to
prevent temperature increase of the liquid cargo storage tank when the compressed boil-off

gas is supplied to the liquid cargo storage tank.
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4. The apparatus of claim 3, wherein the cooling unit comprises:

an injection nozzle installed in the liquid cargo storage tank to inject the liquid
cargo; and

a cooling supply line configured to connect the injection nozzle with the drum and
supply a portion of the liquid cargo stored in the drum to the injection nozzle by an

auxiliary pump.

5. The apparatus of claim 1, wherein the pressing unit further comprises a
bypass line bypassing the compressor and connected to the gas transfer line, and

the boil-off gas generated from the liquid cargo storage tank is supplied between
the compressor and the drum through the gas transfer line and the bypass line, compressed

in the compressor, and then supplied to a gas demand source.

6. The apparatus of claim 5, further comprising:

a collecting line configured to store surplus boil-off gas, which is remained from
the boil-off gas compressed in the compressor after supplied to the gas demand source, in
the drum; and

an exhaust line branched from the gas transfer line and configured to exhaust a

boil-off gas generated from the drum.

7. The apparatus of claim 1, further comprising:
a discharge line connected to a lower portion of the drum in order to unload the
liquid cargo stored in the drum; and

a main pump installed on the discharge line and configured to apply a transfer
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pressure to the liquid cargo stored in the drum to pump the liquid cargo.

8. The apparatus of claim 7, further comprising a drum pressure adjusting
part configured to adjust a pressure of the drum in order to constantly maintain a flow

amount of the liquid cargo discharged through the discharge line.

9. The apparatus of claim 8, wherein the drum pressure adjusting part
comprises:

a water level detecting member configured to measure a water level of the liquid
cargo in the drum;

a pressure measuring member configured to measure a pressure of a boil-off gas in
the drum; and

a controller configured to receive a measured value from the water level detecting
member and the pressure measuring member and control a discharge amount of the boil-off
gas in the drum,

wherein the controller controls a vapor control valve installed on a gas transfer line
through which the boil-off gas in the drum is discharged and a control valve installed on
the discharge line and the main pump,

wherein the controller controls the vapor control valve so that an amount of the
boil-off gas exhausted through the gas transfer line decreases when the pressure of the boil-
off gas in the drum with respect to the water level of the liquid cargo in the drum is less
than a preset ratio, and controls the vapor control valve so that the amount of the boil-off
gas exhausted through the gas transfer line increases when the pressure of the boil-off gas

in the drum with respect to the water level of the liquid cargo in the drum is greater than a
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preset ratio.

10. The apparatus of claim 1, wherein the pressing unit prevents pressure
decrease of the liquid cargo storage tank by supplying at least one of a boil-off gas
supplied from the liquid cargo storage terminal, a boil-off gas generated in the drum, and a
gas obtained by evaporating the liquid cargo stored in the drum to the liquid cargo storage
tank through the gas transfer line when a liquid cargo is loaded from the liquid cargo

storage terminal to the liquid cargo storage tank.

11. A method for transferring a liquid cargo, the method comprising:

pressing a liquid cargo storage tank by using a boil-off gas so that a liquid cargo
stored in the liquid cargo storage tank is transferred to a drum; and

discharging the liquid cargo stored in the drum to a liquid cargo storage terminal
through pumping of a main pump,

wherein the boil-off gas used to press the liquid cargo storage tank comprises a
compressed boil-off gas obtained by compressing a boil-off gas, which is generated in the

drum, in a compressor.

12. The method of claim 11, wherein the pressing of the liquid cargo storage
tank receives and uses a boil-off gas generated in the liquid cargo storage terminal when
the boil-off gas used to press the liquid cargo storage tank is insufficient, and prevents
temperature increase of the liquid cargo storage tank by inserting and pressing the
compressed boil-off gas into the liquid cargo storage tank while simultaneously injecting

the liquid cargo supplied from the drum.
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13. The method of claim 12, wherein a portion of the liquid cargo is stored in
the drum when the liquid cargo is unloaded form the liquid cargo storage tank,

cool-down of a pump, which is performed before the main pump is used, is
performed by using the liquid cargo stored in the drum, and a boil-off gas generated during

the cool-down of the pump is supplied to the liquid cargo storage tank.



