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(54) SYSTEM AND METHOD FOR PREVENTING LIQUID CARGO IN SHIP FROM EVAPORATING

(57) Disclosed are a system and a method for pre-
venting liquid cargo in a ship from evaporating, which
can prevent or reduce generation of evaporated gas
when liquid cargo such as LNG, LPG, crude oil, etc., is
loaded in a storage tank in a ship, by adjusting the pres-
sure inside a load pipe when the liquid cargo is loaded.
The system for preventing liquid cargo in a ship from
evaporating, which prevents evaporated gas of the liquid
cargo from being generated when the liquid cargo is load-
ed in the storage tank capable of storing liquid cargo,
comprises: a pressure control means installed in a pipe
for loading the liquid cargo in the storage tank; a pressure
transmitter which is installed on the upper stream side in
the pipe above the pressure control means, measures
the inner pressure of the pipe, controls an opening degree
of the pressure control means on the basis of the meas-
ured value; and a bypass pipe which branches off from
the pipe such that the liquid cargo is loaded in the storage
tank by bypassing the pressure control means.
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Description

[Technical Field]

[0001] The present invention relates to a system and
method for reducing or preventing evaporation of liquid
cargo, and more particularly, to a system and method for
preventing evaporation of liquid cargo in a ship, which
can reduce or prevent generation of boil-off gas by ad-
justing the inner pressure of a loading pipe when liquid
cargo such as LNG, LPG, and crude oil is loaded into a
storage tank in a ship.

[Background Art]

[0002] Among ships, cargo ships are classified accord-
ing to cargo type. Examples of cargo ships for carrying
liquid cargo include a crude oil tanker configured to carry
crude oil, a product carrier configured to carry petroleum
products, and a liquefied gas carrier configured to liquefy
gases and carry the liquefied gases, and examples of
the liquefied gas carrier include a liquefied natural gas
(LNG) carrier, a liquefied petroleum gas (LPG) carrier,
and the like. In addition, ships for carrying or storing liquid
cargo include an LNG FPSO, an LNG FSRU, an LNG
FSU, an LNG bunkering vessel, a chemical tanker, an
ethylene carrier, and the like.
[0003] Conventionally, liquid cargo such as LNG, LPG,
and crude oil is supplied and loaded into a storage tank
through a feed pipe extending generally horizontally
above the storage tank and a loading pipe extending
downwards from the feed pipe toward a bottom of the
storage tank.
[0004] However, there is a problem in that, during load-
ing of liquid cargo, the inner pressure of an upper end of
a loading pipe extending in a vertical direction of a storage
tank becomes lower than vapor pressure of liquid cargo
due to water head differential within the pipe, thereby
causing evaporation or vaporization of a considerable
amount of the liquid cargo.
[0005] Conventionally, boil-off gas generated by evap-
oration of the liquid cargo during loading of the liquid car-
go is sent back to a liquid cargo source (for example, an
onshore LNG or oil plant, a bunkering vessel, top-side
LNG production facilities, or the like) or discharged to the
atmosphere, instead of being loaded into a storage tank.
Boil-off gas discharged to the atmosphere can cause en-
vironmental pollution, whereas boil-off gas sent back to
the source requires additional reprocessing costs and
facilities.
[0006] To overcome these problems, the present in-
ventor has proposed a method in which a pressure reg-
ulator is provided to a lower end of a loading pipe extend-
ing in a vertical direction of a storage tank; the inner pres-
sure of an upper end of the loading pipe is measured;
and the pressure regulator is adjusted based on the
measured pressure to maintain the inner pressure of the
upper end of the loading pipe at a level above the vapor

pressure of liquid cargo. This method is disclosed in Ko-
rean Patent No. 10-1012643.

[Disclosure]

[Technical Problem]

[0007] However, the present inventor has found that,
when the pressure in the upper end of the loading pipe
is maintained at a level above the vapor pressure of liquid
cargo by the pressure regulator provided to the lower end
of the loading pipe according to the method proposed by
the present inventor, it takes more time than expected to
load liquid cargo due to differential pressure caused by
the pressure regulator even when the pressure regulator
is fully opened.
[0008] In addition, the present inventor has found that,
if the pressure regulator provided to the lower end of the
loading pipe is not operable or causes the loading pipe
to be closed due to breakdown, this can cause serious
problems.
[0009] The present invention has been conceived to
solve such problems in the art, and it is an aspect of the
present invention to provide a system and method for
preventing evaporation of liquid cargo in a ship, in which,
in addition to a pressure regulator, a bypass pipe and a
bypass valve are provided to a lower end of a loading
pipe extending in a vertical direction of a storage tank,
whereby liquid cargo can be loaded through both the by-
pass pipe and the loading pipe to increase loading speed
when the requirement that the pressure in an upper end
of the loading pipe be maintained at a level above the
vapor pressure of liquid cargo is satisfied, and liquid car-
go can be loaded through the bypass pipe upon malfunc-
tion of the pressure regulator.

[Technical Solution]

[0010] In accordance with one aspect of the present
invention, there is provided a system for preventing evap-
oration of liquid cargo in a ship, which prevents genera-
tion of boil-off gas when liquid cargo is loaded into a stor-
age tank capable of storing liquid cargo, the system in-
cluding: a pressure regulator provided to a pipe config-
ured to load liquid cargo into the storage tank; and a
sensing unit placed apart from the pressure regulator;
wherein a degree of opening of the pressure regulator is
controlled to maintain an inner pressure of the pipe at a
level above a vapor pressure of liquid cargo based on
information sensed by the sensing unit.
[0011] The system may further include a bypass pipe
branching off from the pipe to allow the liquid cargo to be
loaded into the storage tank after bypassing the pressure
regulator.
[0012] The bypass pipe may have a smaller diameter
than the pipe from which the bypass pipe branches off.
[0013] The bypass pipe may be provided with a bypass
valve controlling flow of liquid cargo through the bypass
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pipe.
[0014] The bypass valve may be opened to allow liquid
cargo to be loaded through both the bypass pipe and the
pipe, when the pressure in the pipe can be maintained
at a level above the vapor pressure of liquid cargo even
though the pressure regulator is fully opened, as liquid
cargo is loaded and a level of liquid cargo in the storage
tank thus is raised.
[0015] The sensing unit may be a pressure transmitter
provided to the pipe at an upstream side of the pressure
regulator to measure the pressure in the pipe and con-
trolling the degree of opening of the pressure regulator
based on the measured value.
[0016] The sensing unit may be a level measurement
device provided to the storage tank to measure a level
of liquid cargo in the storage tank and controlling the de-
gree of opening of the pressure regulator based on the
measured value.
[0017] The pipe may include: a feed pipe extending
above the storage tank; and a loading pipe extending
downwards from the feed pipe towards a bottom of the
storage tank, and the pressure regulator may be provided
to a lower portion of the loading pipe.
[0018] The pipe may further include a dispensing pipe
extending horizontally from a lower end of the loading
pipe.
[0019] The pressure regulator may be a valve or a hy-
draulic turbine.
[0020] In accordance with another aspect of the
present invention, there is provided a method for pre-
venting evaporation of liquid cargo in a ship, which pre-
vents generation of boil-off gas when liquid cargo is load-
ed into a storage tank capable of storing liquid cargo, the
method comprising: controlling a degree of opening of a
pressure regulator provided to a pipe configured to load
liquid cargo into the storage tank based on information
measured at a position apart from the position at which
the pressure regulator is provided to maintain pressure
in the pipe at a level above a vapor pressure of liquid
cargo.
[0021] A bypass pipe branching off from the pipe and
a bypass valve opening/closing the bypass pipe may be
provided, and wherein, upon opening of the bypass
valve, liquid cargo can be loaded into the storage tank
through the bypass pipe without passing through the
pressure regulator while being loaded into the storage
tank through the pipe.
[0022] The bypass valve may be opened to allow liquid
cargo to be loaded through both the bypass pipe and the
pipe, when the pressure in the pipe can be maintained
at a level above the vapor pressure of liquid cargo even
though the pressure regulator is fully opened, as liquid
cargo is loaded and a level of liquid cargo in the storage
tank thus is raised.
[0023] Upon malfunction of the pressure regulator, liq-
uid cargo may be loaded without interruption through the
bypass pipe by opening the bypass valve, and the bypass
pipe may have a smaller diameter than the pipe such that

the pressure in the pipe can be maintained at a level
above the vapor pressure of liquid cargo.
[0024] The information may be the pressure in the pipe
measured by a pressure transmitter provided to the pipe
at an upstream side of the pressure regulator.
[0025] The information may be the level of liquid cargo
in the storage tank measured by a level measurement
device provided to the storage tank.

[Advantageous Effects]

[0026] The present invention provides a system and
method for preventing evaporation of liquid cargo in a
ship, in which, in addition to a pressure regulator, a by-
pass pipe and a bypass valve are provided to a lower
end of a loading pipe extending in a vertical direction of
a storage tank.
[0027] In the system and method for preventing evap-
oration of liquid cargo in a ship according to the present
invention, the pressure in the loading pipe, particularly
the pressure in an upper end of the loading pipe can be
adjusted and maintained at a level above a vapor pres-
sure of liquid cargo by the pressure regulator provided
to the loading pipe, thereby reducing or preventing gen-
eration of boil-off gas during loading of liquid cargo while
allowing loading of liquid cargo to be efficiently per-
formed.
[0028] In addition, in the system and method for pre-
venting evaporation of liquid cargo in a ship according to
the present invention, liquid cargo can be loaded through
both the bypass pipe and the loading pipe to prevent
reduction in loading speed when the requirement that the
pressure in the upper end of the loading pipe be main-
tained at a level above the vapor pressure of liquid cargo
is satisfied.
[0029] Actually, when the flow rate of liquid cargo was
measured under the requirement that a valve having anti-
cavitation ability be used as the pressure regulator, the
loading pipe configured to load liquid cargo have a length
of 28 m, and the pressure in the loading pipe be main-
tained at a level above the vapor pressure of liquid cargo,
the flow rate of liquid cargo when only the loading pipe
was opened was measured to be 7,838 m3/h, and the
flow rate of liquid cargo when both the loading pipe and
the bypass pipe were opened was measured to be 9,338
m3/h. Thus, it could be seen that the flow rate was in-
creased by about 20% when both the bypass pipe and
the loading pipe were used.
[0030] Here, increase in flow rate means faster loading
speed of liquid cargo and thus reduction in time required
to load liquid cargo. Reduction in loading time allows, for
example, reduction in mooring charge that should be paid
according to the time for which a ship is moored in a port,
thereby cutting down operating costs.
[0031] Furthermore, in the system and method for pre-
venting evaporation of liquid cargo in a ship according to
the present invention, loading of liquid cargo can be con-
tinuously performed through the bypass pipe even when
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the pressure regulator suddenly breaks down.

[Description of Drawings]

[0032]

Fig. 1 is a schematic view of a system for preventing
evaporation of liquid cargo according to a first exem-
plary embodiment of the present invention.
Fig. 2 is a schematic view of a system for preventing
evaporation of liquid cargo according to a second
exemplary embodiment of the present invention.
Fig. 3 is a schematic view of a system for preventing
evaporation of liquid cargo according to a third ex-
emplary embodiment of the present invention.
Fig. 4 is a schematic view of a system for preventing
evaporation of liquid cargo according to a fourth ex-
emplary embodiment of the present invention.

[Best Mode]

[0033] Hereinafter, exemplary embodiments of the
present invention will be described in detail with refer-
ence to the accompanying drawings.
[0034] A system for preventing evaporation of liquid
cargo in a ship according to the present invention may
be used in any ship so long as the ship is equipped with
a storage tank for storing liquid cargo. A storage tank
employing the system for preventing evaporation of liquid
cargo according to the present invention is not necessar-
ily limited to a storage tank intended to be loaded with
liquid cargo and must be considered to also include stor-
age tanks (i.e. fuel tanks) carrying oil used as an engine
fuel, liquefied gas, and the like.
[0035] In other words, the system for preventing evap-
oration of liquid cargo according to the present invention
may be used in all kinds of ships carrying liquid cargo as
cargo or using liquid cargo as a fuel, i.e. a crude oil tanker,
a product oil carrier, an LNG carrier, an LPG carrier, a
PC, a liquefied carbon dioxide carrier, an LNG RV, an oil
FPSO, an LNG FPSO, an LNG FSRU, an LNG FSU, an
LNG bunkering vessel, a chemical tanker, an ethylene
carrier, and the like. Here, although FPSOs, FSRUs, and
the like are classified as offshore plants, the term "ship"
as used herein must be considered to include a variety
of offshore plants floating in the sea as well as ships in
the ordinary sense.
[0036] In addition, the system for preventing evapora-
tion of liquid cargo according to the present invention
may be used in an onshore storage tank storing liquefied
gas such as LNG, LPG, liquefied nitrogen, and liquefied
carbon dioxide or oil such as crude oil and refined oil, as
well as in an offshore storage tank.
[0037] Fig. 1 is a schematic view of a system for pre-
venting evaporation of liquid cargo according to a first
exemplary embodiment of the present invention. Refer-
ring to Fig. 1, liquid cargo is supplied and loaded into a
storage tank 1 from a supply source such as an onshore

plant and an FPSO through a feed pipe 11 extending
generally horizontally above the storage tank 1, a loading
pipe 12 extending downwards from the feed pipe 11 to-
ward a bottom of the storage tank 1, and a dispensing
pipe 13 communicating with a lower end of the loading
pipe 12 and extending generally horizontally.
[0038] The system for preventing evaporation of liquid
cargo according to the first exemplary embodiment in-
cludes a pressure regulator 22 provided to a lower portion
of the loading pipe 12, a pressure transmitter 21, as a
sensing unit, measuring pressure in an upper end of the
loading pipe 12 and controlling the pressure regulator 22
based on the measured value, a bypass pipe 14 branch-
ing off from the loading pipe 12 to bypass the pressure
regulator 22, and a bypass valve 24 provided to the by-
pass pipe 14 to control flow of liquid cargo through the
bypass pipe 14.
[0039] As the sensing unit, the pressure transmitter 21
is placed apart from the pressure regulator 22.
[0040] The dispensing pipe 13 is provided with a dis-
pensing valve 23 and at least one dispensing valve 23
may be provided to each storage tank 1. When liquid
cargo is stored at room temperature as in a crude oil
storage tank, the dispensing pipe 13 may extend through
a bulkhead 3. In this embodiment, a single dispensing
pipe 13 may be connected to a plurality of storage tanks.
[0041] The pressure regulator 22 is preferably placed
at the lower end of the loading pipe 12 to maintain pres-
sure in the loading pipe 12 at a level above a vapor pres-
sure of liquid cargo in response to electrical signals from
the pressure transmitter 21. In other words, the pressure
regulator 22 regulates the degree of opening/closing of
a lower end opening of the loading pipe 12 based on the
pressure in the loading pipe, thereby allowing the pres-
sure in the loading pipe, particularly the pressure in the
upper end of the loading pipe to be maintained at a level
above the vapor pressure of liquid cargo. Thus, the pres-
sure regulator 22 can prevent creation of a vacuum within
the upper end (portion A) of the loading pipe 12, which
is a main cause of generation of boil-off gas during load-
ing of liquid cargo.
[0042] According to this exemplary embodiment, the
pressure regulator 22 regulates the degree of open-
ing/closing of the lower end opening of the loading pipe
in response to signals from the pressure transmitter 21,
thereby adjusting the pressure in the loading pipe 12,
particularly, the pressure in the upper end of the loading
pipe 12 indicated by A in the drawing. As the pressure
regulator 22, a control valve, a hydraulic turbine, or the
like may be used.
[0043] As the pressure regulator, the control valve may
be a valve operable by hydraulic pressure or pneumatic
pressure when submerged under liquid cargo. The con-
trol valve is configured to operate in a full-open state upon
failure of a signal or failure of hydraulic pressure or pneu-
matic pressure, has anti-cavitation ability in a normal op-
eration state, and preferably has explosion-proof char-
acteristics.
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[0044] Theoretically, a valve allows only a pressure
drop by providing isenthalpic expansion, whereas a hy-
draulic turbine used as the pressure regulator can theo-
retically provide isentropic expansion by producing a
work output to allow reduction in enthalpy of liquid cargo,
for example, LNG along with a pressure drop, thereby
obtaining liquid cargo at a relatively low temperature at
a downstream side, as compared with a valve, and thus
can be more efficient. Such a hydraulic turbine used as
the pressure regulator 22 has already been used in a
variety of fields and may include any suitable hydraulic
turbine generally used in the art depending on design
requirements.
[0045] According to this exemplary embodiment, a
simple arrangement such as a valve or a hydraulic turbine
is added to the system, whereby unnecessary generation
of boil-off gas can be effectively suppressed during load-
ing of liquid cargo without high equipment costs, thereby
enabling efficient loading liquid cargo into the storage
tank 10.
[0046] According to this exemplary embodiment, the
bypass pipe 14 branching off from the loading pipe 12 at
an upstream side of the pressure regulator 22 to bypass
the pressure regulator 22 is connected to the dispensing
pipe 13 such that liquid cargo loaded through the feed
pipe 11 and the loading pipe 12 can be directly supplied
to the dispensing pipe 13 without passing through the
pressure regulator 22.
[0047] When the loading pipe 12 is closed due to mal-
function of the pressure regulator 22, loading of liquid
cargo can be performed without interruption by opening
the bypass valve 24 provided to the bypass pipe 14. Here,
since abrupt opening of the bypass valve 24 can cause
the pressure in the upper end of the loading pipe 12 to
be reduced and create a vacuum within the loading pipe
12, it is desirable that the bypass pipe 14 have a smaller
diameter than the loading pipe 12.
[0048] In addition, when the level of liquid cargo in the
storage tank 1 is raised as liquid cargo is loaded into the
storage tank 1, the bypass valve 24 may be opened such
that liquid cargo can be loaded through both the bypass
pipe 14 and the loading pipe 12. Here, opening of the
bypass valve 24 must not be performed until the pressure
in the upper end of the loading pipe 12 can be maintained
at a level above the vapor pressure of liquid cargo despite
opening of the bypass valve 24. According to this exem-
plary embodiment, even when the pressure regulator 22
is fully opened during loading of liquid cargo, it is possible
to overcome the problem of reduction in loading speed
due to differential pressure caused by the pressure reg-
ulator using the bypass pipe 12, thereby reducing the
time required to complete loading of liquid cargo.
[0049] Next, operation of the system for preventing
generation of boil-off gas of liquid cargo in a ship accord-
ing to the first exemplary embodiment will be described.
[0050] When liquid cargo such as LNG, LPG, and
crude oil is loaded into the storage tank 1 through the
feed pipe 11, the loading pipe 12, and the dispensing

pipe 13, the pressure transmitter 21 measures pressure
in the upper end of the loading pipe 12. The pressure
regulator 22 is opened/closed or regulated in the degree
of opening based on the pressure value measured by
the pressure transmitter 21 to regulate loading speed of
liquid cargo, thereby maintaining the pressure in the up-
per end of the loading pipe 12 at a level above a vapor
pressure of liquid cargo.
[0051] According to this exemplary embodiment, when
the pressure regulator 22 accidentally breaks down dur-
ing loading of liquid cargo, liquid cargo can be loaded
without interruption through the bypass pipe by opening
the bypass valve 24 provided to the bypass pipe 14. In
addition, it is possible to reduce the risk of creation of a
cavity within the upper end of the loading pipe, since the
bypass pipe 14 has a smaller diameter than the loading
pipe 12.
[0052] On the other hand, if the pressure in the upper
end of the loading pipe 12 can be maintained above the
vapor pressure of liquid cargo even when the pressure
regulator 22 is fully opened as loading of liquid cargo is
normally achieved and the level of liquid cargo in the
storage tank 1 thus is raised, the bypass valve 24 is
opened such that liquid cargo can be loaded through both
the bypass pipe 14 and the loading pipe 12, thereby off-
setting the pressure differential caused by the pressure
regulator 22. Thus, it is possible to prevent reduction in
loading speed due to the pressure differential, thereby
allowing loading of liquid cargo to be completed as quickly
as possible.
[0053] Accordingly, it is possible to minimize adverse
influence on loading speed and cargo capacity while re-
ducing generation of boil-off gas (i.e. flash gas) or volatile
organic compounds (VOCs) during loading of liquid car-
go.
[0054] Fig. 2 is a schematic view of a system for pre-
venting evaporation of liquid cargo according to a second
exemplary embodiment of the present invention. Refer-
ring to Fig. 2, liquid cargo is supplied and loaded into a
storage tank 1 from a supply source such as an onshore
plant and an FPSO through a feed pipe 11 extending
generally horizontally above the storage tank 1, a loading
pipe 12 extending downwards from the feed pipe 11 to-
ward a bottom of the storage tank 1, and a dispensing
pipe 13 communicating with a lower end of the loading
pipe 12 and extending generally horizontally.
[0055] The system for preventing evaporation of liquid
cargo according to the second exemplary embodiment
includes a pressure regulator 22 provided to a lower por-
tion of the loading pipe 12, a level measurement device
31, as a sensing unit, provided to the storage tank 1 and
measuring the level of liquid cargo in the storage tank 1
to control the pressure regulator 22 based on the meas-
ured value, a bypass pipe 14 branching off from the load-
ing pipe 12 to bypass the pressure regulator 22, and a
bypass valve 24 provided to the bypass pipe 14 to control
flow of liquid cargo through the bypass pipe 14.
[0056] As the sensing unit, the level measurement de-
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vice 31 is placed apart from the pressure regulator 22,
and, for example, may be mounted at an upper end of
the storage tank 1.
[0057] Since the system for preventing evaporation of
liquid cargo according to the second exemplary embod-
iment is substantially the same as the system for pre-
venting evaporation of liquid cargo according to the first
exemplary embodiment except for the level measure-
ment device 31 measuring the level of liquid cargo in the
storage tank 1 as the sensing unit, the same components
as the first exemplary embodiment are denoted by the
same reference numerals and detailed descriptions
thereof are omitted.
[0058] Fig. 3 is a schematic view of a system for pre-
venting evaporation of liquid cargo according to a third
exemplary embodiment of the present invention. Refer-
ring to Fig. 3, liquid cargo is supplied and loaded into a
storage tank 1 from a supply source such as an onshore
plant and an FPSO through a feed pipe 11 extending
generally horizontally above the storage tank 1 and a
loading pipe 12 extending downwards from the feed pipe
11 toward a bottom of the storage tank 1.
[0059] The system for preventing evaporation of liquid
cargo according to the third exemplary embodiment in-
cludes a pressure regulator 22 provided to a lower portion
of the loading pipe 12, a pressure transmitter 21, as a
sensing unit, measuring pressure in an upper end of the
loading pipe 12 and controlling the pressure regulator 22
based on the measured value, a bypass pipe 14 branch-
ing off from the loading pipe 12 to bypass the pressure
regulator 22, and a bypass valve 24 provided to the by-
pass pipe 14 to control flow of liquid cargo through the
bypass pipe 14.
[0060] As the sensing unit, the pressure transmitter 21
is placed apart from the pressure regulator 22.
[0061] One loading pipe 12 may be provided to each
storage tank 1. Generally, the lower end of the loading
pipe 12 is located near a bottom of the storage tank 1
without being secured to the bottom.
[0062] The pressure regulator 22 is preferably placed
at a lower end of the loading pipe 12 to maintain pressure
in the loading pipe 12 at a level above a vapor pressure
of liquid cargo in response to electrical signals from the
pressure transmitter 21. In other words, the pressure reg-
ulator 22 regulates the degree of opening/closing of a
lower end opening of the loading pipe 12 based on the
pressure in the loading pipe, thereby allowing the pres-
sure in the loading pipe, particularly the pressure in the
upper end of the loading pipe to be maintained at a level
above the vapor pressure of liquid cargo. Thus, the pres-
sure regulator 22 can prevent creation of a vacuum within
the upper end (portion A) of the loading pipe 12, which
is a main cause of generation of boil-off gas during load-
ing of liquid cargo.
[0063] According to this exemplary embodiment, the
pressure regulator 22 regulates the degree of open-
ing/closing of the lower end opening of the loading pipe
in response to signals from the pressure transmitter 21,

thereby adjusting the pressure in the loading pipe 12,
particularly, the pressure in the upper end of the loading
pipe 12 indicated by A in the drawing. As the pressure
regulator 22, a control valve, a hydraulic turbine, or the
like may be used.
[0064] As the pressure regulator, the control valve may
be a valve operable by hydraulic pressure or pneumatic
pressure when submerged under liquid cargo. The con-
trol valve is configured to operate in a full-open state upon
failure of a signal or failure of hydraulic pressure or pneu-
matic pressure, has anti-cavitation ability in a normal op-
eration state, and preferably has explosion-proof char-
acteristics.
[0065] Theoretically, a valve allows only a pressure
drop by providing isenthalpic expansion, whereas a hy-
draulic turbine when used as the pressure regulator can
theoretically provide isentropic expansion by producing
a work output to allow reduction in enthalpy of liquid car-
go, for example, LNG along with a pressure drop, thereby
obtaining liquid cargo at a relatively low temperature at
the downstream side as compared with a valve, and thus
can be more efficient. Such a hydraulic turbine used as
the pressure regulator 22 has already been used in a
variety of fields and may include any suitable hydraulic
turbine generally used in the art depending on design
conditions.
[0066] According to this exemplary embodiment, a
simple arrangement such as a valve or hydraulic turbine
is added to the system, whereby unnecessary generation
of boil-off gas can be effectively suppressed during load-
ing of liquid cargo without high equipment costs, thereby
enabling efficient loading of liquid cargo into the storage
tank 10.
[0067] According to this exemplary embodiment, the
bypass pipe 14 branching off from the loading pipe 12 to
bypass the pressure regulator 22 branches off from the
loading pipe 12 at the upstream side of the pressure reg-
ulator 22 and then extends generally parallel to the load-
ing pipe 12 such that liquid cargo loaded through the feed
pipe 11 and the loading pipe 12 can be directly supplied
to the storage tank 1 through the bypass pipe 14 without
passing through the pressure regulator 22.
[0068] When the loading pipe 12 is closed due to mal-
function of the pressure regulator 22, loading of liquid
cargo can be performed without interruption by opening
the bypass valve 24 provided to the bypass pipe 14. Here,
since abrupt opening of the bypass valve 24 can cause
the pressure in the upper end of the loading pipe 12 to
be lower, thereby creating a vacuum within the loading
pipe 12, it is desirable that the bypass pipe 14 have a
smaller diameter than the loading pipe 12.
[0069] In addition, when the level of liquid cargo in the
storage tank 1 is raised as liquid cargo is loaded into the
storage tank 1, the bypass valve 24 may be opened such
that liquid cargo can be loaded through both the bypass
pipe 14 and the loading pipe 12. Here, opening of the
bypass valve 24 must not be performed until the pressure
in the upper end of the loading pipe 12 can be maintained
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at a level above the vapor pressure of liquid cargo despite
opening of the bypass valve 24. According to this exem-
plary embodiment, even when the pressure regulator 22
is fully opened during loading of liquid cargo, it is possible
to overcome the problem of reduction in loading speed
due to differential pressure caused by the pressure reg-
ulator using the bypass pipe 14, thereby reducing the
time required to complete loading of liquid cargo.
[0070] Next, operation of the system for preventing
generation of boil-off gas of liquid cargo in a ship accord-
ing to the third exemplary embodiment will be described.
[0071] When liquid cargo such as LNG, LPG, and
crude oil is loaded into the storage tank 1 through the
feed pipe 11 and the loading pipe 12, the pressure trans-
mitter 21 measures pressure in the upper end of the load-
ing pipe 12. The pressure regulator 22 is opened/closed
or regulated in the degree of opening based on the pres-
sure value measured by the pressure transmitter 21 to
regulate loading speed of liquid cargo, thereby maintain-
ing the pressure in the upper end of the loading pipe 12
at a level above a vapor pressure of liquid cargo.
[0072] According to this exemplary embodiment, when
the pressure regulator 22 accidentally breaks down dur-
ing loading of liquid cargo, liquid cargo can be loaded
without interruption through the bypass pipe 14 by open-
ing the bypass valve 24 provided to the bypass pipe 14.
In addition, it is possible to reduce the risk of creation of
a cavity within the upper end of the loading pipe, since
the bypass pipe 14 has a smaller diameter than the load-
ing pipe 12.
[0073] On the other hand, if the pressure in the upper
end of the loading pipe 12 can be maintained above the
vapor pressure of liquid cargo even when the pressure
regulator 22 is fully opened as loading of liquid cargo is
normally achieved and the level of liquid cargo in the
storage tank 1 thus is raised, the bypass valve 24 is
opened such that liquid cargo can be loaded through both
the bypass pipe 14 and the loading pipe 12, thereby off-
setting the pressure differential caused by the pressure
regulator 22. Thus, it is possible to prevent reduction in
loading speed due to the pressure differential, thereby
allowing loading of liquid cargo to be completed as quickly
as possible.
[0074] Accordingly, it is possible to minimize adverse
influence on loading speed and cargo capacity while re-
ducing generation of boil-off gas (i.e. flash gas) or volatile
organic compounds (VOCs) during loading of liquid car-
go.
[0075] Fig. 4 is a schematic view of a system for pre-
venting evaporation of a liquid cargo according to a fourth
exemplary embodiment of the present invention. Refer-
ring to Fig. 4, liquid cargo is supplied and loaded into a
storage tank 1 from a supply source such as an onshore
plant and an FPSO through a feed pipe 11 extending
generally horizontally above the storage tank 1 and a
loading pipe 12 extending downwards from the feed pipe
11 toward a bottom of the storage tank 1.
[0076] The system for preventing evaporation of liquid

cargo according to the fourth exemplary embodiment in-
cludes a pressure regulator 22 provided to a lower portion
of the loading pipe 12, a level measurement device 31,
as a sensing unit, provided to the storage tank 1 and
measuring the level of liquid cargo in the storage tank 1
to control the pressure regulator 22 based on the meas-
ured value, a bypass pipe 14 branching off from the load-
ing pipe 12 to bypass the pressure regulator 22, and a
bypass valve 24 provided to the bypass pipe 14 to control
flow of liquid cargo through the bypass pipe 14.
[0077] As the sensing unit, the level measurement de-
vice 31 is placed apart from the pressure regulator 22,
and, for example, may be mounted at an upper end of
the storage tank 1.
[0078] Since the system for preventing evaporation of
liquid cargo according to the fourth exemplary embodi-
ment is substantially the same as the system for prevent-
ing evaporation of liquid cargo according to the third ex-
emplary embodiment except for including the level meas-
urement device 31 measuring the level of liquid cargo in
the storage tank 1 as the sensing unit, the same compo-
nents as the third exemplary embodiment are denoted
by the same reference numerals and detailed descrip-
tions thereof are omitted.
[0079] The system according to the exemplary embod-
iments of the present invention may be modified to in-
clude a separate valve (not shown) provided to the load-
ing pipe 12 at the upstream side of the pressure regulator
22, wherein the valve is closed during maintenance of
the pressure regulator 22 to facilitate maintenance work.
The separate valve may be a manual valve.
[0080] Although some exemplary embodiments have
been described with reference to the accompanying
drawings, it should be understood that these embodi-
ments are given by way of illustration only, and that var-
ious modifications, variations, and alterations can be
made without departing from the spirit and scope of the
present invention.

Claims

1. A system for preventing evaporation of liquid cargo
in a ship, which prevents generation of boil-off gas
when liquid cargo is loaded into a storage tank ca-
pable of storing liquid cargo, the system comprising:

a pressure regulator provided to a pipe config-
ured to load liquid cargo into the storage tank;
and
a sensing unit placed apart from the pressure
regulator;
wherein a degree of opening of the pressure reg-
ulator is controlled to maintain pressure in the
pipe at a level above a vapor pressure of liquid
cargo based on information sensed by the sens-
ing unit.
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2. The system according to claim 1, further comprising:

a bypass pipe branching off from the pipe to al-
low liquid cargo to bypass the pressure regulator
and to be loaded into the storage tank.

3. The system according to claim 2, wherein the bypass
pipe has a smaller diameter than the pipe from which
the bypass pipe branches off.

4. The system according to claim 2, wherein the bypass
pipe is provided with a bypass valve controlling flow
of liquid cargo through the bypass pipe.

5. The system according to claim 4, wherein the bypass
valve is opened to allow liquid cargo to be loaded
through both the bypass pipe and the pipe, when the
pressure in the pipe can be maintained at a level
above the vapor pressure of liquid cargo even though
the pressure regulator is fully opened, as liquid cargo
is loaded and a level of liquid cargo in the storage
tank thus is raised.

6. The system according to claim 1, wherein the sens-
ing unit is a pressure transmitter provided to the pipe
at an upstream side of the pressure regulator to
measure the pressure in the pipe and controlling the
degree of opening of the pressure regulator based
on the measured value.

7. The system according to claim 1, wherein the sens-
ing unit is a level measurement device provided to
the storage tank to measure a level of liquid cargo
in the storage tank and controlling the degree of
opening of the pressure regulator based on the
measured value.

8. The system according to claim 1, wherein the pipe
comprises a feed pipe extending above the storage
tank; and a loading pipe extending downwards from
the feed pipe towards a bottom of the storage tank,
and wherein the pressure regulator is provided to a
lower portion of the loading pipe.

9. The system according to claim 8, wherein the pipe
further comprises a dispensing pipe extending hor-
izontally from a lower end of the loading pipe.

10. The system according to claim 1, wherein the pres-
sure regulator is a valve or a hydraulic turbine.

11. A method for preventing evaporation of liquid cargo
in a ship, which prevents generation of boil-off gas
when liquid cargo is loaded into a storage tank ca-
pable of storing liquid cargo, the method comprising:

controlling a degree of opening of a pressure
regulator provided to a pipe configured to load

liquid cargo into the storage tank based on in-
formation measured at a position apart from the
position at which the pressure regulator is pro-
vided to maintain pressure in the pipe at a level
above a vapor pressure of liquid cargo.

12. The method according to claim 11, wherein a bypass
pipe branching off from the pipe and a bypass valve
opening/closing the bypass pipe are provided, and
wherein, upon opening of the bypass valve, liquid
cargo can be loaded into the storage tank through
the bypass pipe without passing through the pres-
sure regulator while being loaded into the storage
tank through the pipe.

13. The method according to claim 12, wherein the by-
pass valve is opened to allow liquid cargo to be load-
ed through both the bypass pipe and the pipe, when
the pressure in the pipe can be maintained at a level
above the vapor pressure of liquid cargo even though
the pressure regulator is fully opened, as liquid cargo
is loaded and a level of liquid cargo in the storage
tank thus is raised.

14. The method according to claim 12, wherein, upon
malfunction of the pressure regulator, liquid cargo
can be loaded without interruption through the by-
pass pipe by opening the bypass valve, and wherein
the bypass pipe has a smaller diameter than the pipe
such that the pressure in the pipe can be maintained
at a level above the vapor pressure of liquid cargo.

15. The method according to claim 11, wherein the in-
formation is the pressure in the pipe measured by a
pressure transmitter provided to the pipe at an up-
stream side of the pressure regulator.

16. The method according to claim 11, wherein the in-
formation is a level of liquid cargo in the storage tank
measured by a level measurement device provided
to the storage tank.
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