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a fuel demand source of a ship , and thus cooling the boil - off 
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has been cooled by the heat exchanger ; and an expansion 
means for branching a part of the boil - off gas , which is 
supplied to the intermediate cooler , and expanding the same . 
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BOIL - OFF GAS RE - LIQUEFYING DEVICE 
AND METHOD FOR SHIP 

[ 0009 . The present invention is aimed at providing an 
apparatus and method for reliquefaction of BOG for ships , 
which can reliquefy BOG such as ethane without a separate 
independent refrigerant cycle . TECHNICAL FIELD 

Technical Solution [ 0001 ] The present invention relates to an apparatus and 
method for reliquefaction of boil - off gas generated in an 
LNG storage tank applied to a ship . 

BACKGROUND ART 
[ 0002 ] Generally , natural gas is liquefied and transported 
over a long distance in the form of liquefied natural gas 
( LNG ) . Liquefied natural gas is obtained by cooling natural 
gas to a very low temperature of about – 163° C . at atmo 
spheric pressure and is well suited to long - distance trans 
portation by sea , since the volume of the natural gas is 
significantly reduced as compared with the natural gas in a 
gaseous phase . 
0003 ] On the other hand , liquefied petroleum gas ( LPG ) 
is also referred to as liquefied propane gas and is obtained by 
cooling natural gas obtained together with crude oil from oil 
fields to about - 200° C . or by compressing the natural gas 
at about 7 to 10 atmospheres at room temperature . 
[ 0004 ] Petroleum gas is mainly composed of propane , 
propylene , butane , butylene , and the like . When propane is 
liquefied at about 15° C . , the volume of propane is reduced 
to about 1 / 260 , and when butane is liquefied at about 15° C . , 
the volume of butane is reduced to about 1 / 230 . Thus , the 
petroleum gas is used in the form of liquefied petroleum gas 
for convenience of storage and transportation . 
[ 0005 ] In general , liquefied petroleum gas has a higher 
heating value than liquefied natural gas and contains a large 
amount of components having higher molecular weights 
than those of liquefied natural gas . Thus , the liquefied 
petroleum gas allows easier liquefaction and gasification 
than the liquefied natural gas . 
[ 0006 ] Liquefied gas , such as liquefied natural gas , lique 
fied petroleum gas , and the like , is stored in a tank and 
supplied to a demand site on land . Even when a storage tank 
is insulated , there is a limit to completely block external 
heat . Thus , liquefied natural gas is continuously vaporized in 
the storage tank by heat transferred into the storage tank . 
Liquefied natural gas vaporized in the storage tank is 
referred to as boil - off gas ( BOG ) . 
[ 0007 ] If the pressure in the storage tank exceeds a pre 
determined pressure due to generation of BOG , the BOG is 
discharged from the storage tank to be used as fuel for an 
engine or to be reliquefied and returned to the storage tank . 

[ 0010 ] In accordance with one aspect of the present inven 
tion , there is provided a BOG reliquefaction apparatus 
provided to a ship for transportation of liquefied gas , includ 
ing : a multistage compressor including a plurality of com 
pression stage part and compressing BOG discharged from 
a storage tank storing liquefied gas ; a heat exchanger cooling 
the BOG compressed by the multistage compressor through 
heat exchange of the BOG compressed by the multistage 
compressor with the BOG discharged from the storage tank ; 
a vaporizer cooling the BOG through heat exchange of the 
BOG cooled by the heat exchanger with liquefied gas to be 
supplied to a fuel demand site in the ship ; an intermediate 
cooler cooling the BOG cooled by the heat exchanger , and 
an expansion unit expanding some BOG branched off from 
the BOG to be supplied to the intermediate cooler , wherein 
the remaining BOG supplied to the intermediate cooler is 
cooled by the intermediate cooler through heat exchange 
with the BOG expanded by the expansion unit and is then 
returned back to the storage tank . 
[ 0011 ] . The intermediate cooler may include at least one of 
a first intermediate cooler disposed upstream of the vapor 
izer and additionally cooling the BOG cooled by the heat 
exchanger before the BOG is supplied to the vaporizer ; and 
a second intermediate cooler disposed downstream of the 
vaporizer and additionally cooling the BOG cooled by the 
vaporizer . 
[ 0012 ] . The expansion unit may include at least one of a 
first expansion unit expanding some BOG branched off from 
the BOG to be supplied to the first intermediate cooler ; and 
a second expansion unit expanding some BOG branched off 
from the BOG to be supplied to the second intermediate 
cooler . 
[ 0013 ] The BOG reliquefaction apparatus may further 
include : a third expansion unit disposed downstream of the 
vaporizer or the second intermediate cooler and expanding 
the BOG having passed through the vaporizer or the second 
intermediate cooler ; and a gas / liquid separator disposed 
downstream of the third expansion unit . 
[ 0014 ] The compression stage parts may be arranged in 
series and a flow of the BOG expanded by the first expansion 
unit and a flow of the BOG expanded by the second 
expansion unit may be supplied between different compres 
sion stage parts among the plurality of compression stage 
parts such that the flow of the BOG expanded by the first 
expansion unit can be supplied to a compression stage part 
disposed farther downstream than a compression stage part 
to which the BOG expanded by the second expansion unit is 
supplied . 
[ 0015 ] The multistage compressor may be a four - stage 
compressor . 
[ 0016 ] A flow of the BOG having passed through the 
second expansion unit and the second intermediate cooler 
may be supplied downstream of a first compression stage 
part of the four - stage compressor . 
[ 0017 ] The BOG supplied downstream of the first com 
pression stage part may have a pressure of 2 bar to 5 bar . 

DISCLOSURE 

Technical Problem 
[ 0008 ] In order to reliquefy BOG containing ethane , eth 
ylene and the like as main components ( hereinafter referred 
to as “ ethane BOG ” ) , the ethane BOG must be cooled to 
about - 100° C . or less and thus requires additional cold heat , 
as compared with the case of reliquefying BOG of liquefied 
petroleum gas having a liquefaction point of about - 25° C . 
Thus , an independent refrigerant cycle for supplying addi 
tional cold heat is added to an LPG reliquefaction system to 
be used as an ethane reliquefaction process . For the refrig 
erant cycle for supplying additional cold heat , a general 
propylene refrigerant cycle is used . 
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[ 0018 ] A flow of the BOG having passed through the first 
expansion unit and the first intermediate cooler may be 
supplied downstream of a second compression stage part of 
the four - stage compressor . 
[ 0019 ] The BOG supplied downstream of the second 
compression stage part may have a pressure of 10 to 15 bar . 
[ 0020 ] The BOG may include at least one of ethane , 
ethylene , propylene , and LPG . 
[ 0021 ] The liquefied gas to be supplied to the fuel demand 
site may be at least one of ethane , ethylene , propylene , and 
LPG . 
[ 0022 ] In accordance with another aspect of the present 
invention , there is provided a BOG reliquefaction apparatus 
provided to a ship for transportation of liquefied gas , includ 
ing : a storage tank storing liquefied gas ; a heat exchange unit 
disposed downstream of the storage tank ; a multistage 
compressor disposed downstream of the heat exchange unit 
and compressing BOG discharged from the heat exchanger ; 
a third expansion unit disposed downstream of the heat 
exchange unit and generating a gas - liquid mixture through 
expansion of some of the BOG having passed through the 
multistage compressor and the heat exchange unit ; a gas / 
liquid separator disposed downstream of the third expansion 
unit and separating the gas - liquid mixture discharged from 
the third expansion unit into gas and liquid , wherein the 
multistage compressor includes a plurality of compression 
stage parts arranged in series , the heat exchange unit 
includes : a heat exchanger cooling the BOG discharged 
from the multistage compressor through heat exchange of 
the BOG discharged from the storage tank and the gas / liquid 
separator with the BOG discharged from the multistage 
compressor ; a first intermediate cooler additionally cooling 
the BOG supplied through the multistage compressor and 
the heat exchanger ; a first expansion unit disposed between 
the heat exchanger and the first intermediate cooler and 
expanding some BOG branched off from the BOG to be 
supplied to the first intermediate cooler ; a vaporizer dis 
posed between the first intermediate cooler and the third 
expansion unit and vaporizing liquefied gas supplied 
through the different path through heat exchange between 
some of the BOG discharged from the first intermediate 
cooler and the liquefied gas supplied through the different 
path ; and a fuel demand site receiving the liquefied gas 
vaporized by the vaporizer , wherein the BOG cooled by the 
first expansion unit among the BOG supplied to the first 
intermediate cooler and the BOG directly supplied to the 
first intermediate cooler instead of being supplied to the first 
expansion unit among the BOG supplied to the first inter 
mediate cooler are subjected to heat exchange in the first 
intermediate cooler . 
[ 0023 ] In accordance with a further aspect of the present 
invention , there is provided a BOG reliquefaction method 
for ships for transportation of liquefied gas , including : 
supplying BOG discharged from a storage tank storing 
liquefied gas to a multistage compressor to compress the 
BOG ; cooling the compressed BOG with the BOG dis 
charged from the storage tank ; and returning the cooled 
BOG to the storage tank after heat exchange with liquefied 
gas to be supplied to a fuel demand site of the ship , wherein 
the compressed BOG is returned back to the storage tank 
after the remaining compressed BOG not branched off is 
cooled at least once using BOG obtained by expanding some 

BOG branched off from the compressed BOG , before or 
after heat exchange with the liquefied gas to be supplied to 
the fuel demand site . 
[ 0024 ] The expanded BOG obtained by cooling the 
remaining compressed BOG not branched off may be sup 
plied to and compressed by at least one of the plurality of 
compression stage parts in the multistage compressor . 
10025 ] BOG obtained through heat exchange after expan 
sion of the compressed BOG before vaporization of the 
liquefied gas to be supplied to the fuel demand site may be 
supplied farther downstream of the compression stage part 
of the multistage compressor than BOG obtained through 
heat exchange after expansion of the compressed BOG after 
vaporization of the liquefied gas . 
( 0026 ] In accordance with yet another aspect of the pres 
ent invention , there is provided a BOG reliquefaction 
method for a ship for transportation of liquefied gas , the ship 
being provided with a four - stage compressor for compress 
ing BOG discharged from a storage tank storing liquefied 
gas , wherein the BOG discharged from the storage tank is 
compressed by the four - stage compressor , cooled through 
heat exchange , and separately supplied downstream of a first 
compression stage part and a second compression stage part 
of the four - stage compressor . 
[ 0027 ] In accordance with yet another aspect of the pres 
ent invention , there is provided a BOG reliquefaction 
method for a ship for transportation of liquefied gas , includ 
ing : supplying BOG discharged from a storage tank storing 
liquefied gas to a multistage compressor to compress the 
BOG ; primarily cooling the compressed BOG with the BOG 
discharged from the storage tank ; dividing and expanding at 
least some BOG branched off from the primarily cooled 
BOG to secondarily cool the at least some BOG branched off 
from the primarily cooled BOG ; dividing and expanding at 
least some BOG branched off from the secondarily cooled 
BOG to thirdly cool the at least some BOG branched off 
from the secondarily cooled BOG ; and separately supplying 
decompressed BOG discharged after secondarily cooling the 
BOG and decompressed BOG discharged after thirdly cool 
ing the BOG to the multistage compressor , wherein the 
decompressed BOG discharged after secondarily cooling is 
supplied farther downstream of the compression stage part 
of the multistage compressor than the decompressed BOG 
discharged after thirdly cooling . 

Advantageous Effects 
[ 0028 ] The BOG reliquefaction apparatus and method for 
ships according to the present invention can reduce instal 
lation costs by omitting a separate independent refrigerant 
cycle and is adapted to reliquefy BOG through self - heat 
exchange of BOG , such as ethane and the like , thereby 
providing the same level of reliquefaction efficiency as a 
typical reliquefaction apparatus even without an additional 
refrigerant cycle . 
[ 0029 ] In addition , the BOG reliquefaction apparatus and 
method for ships according to the present invention can 
reduce power consumption for operation of a refrigerant 
cycle by omitting a separate independent refrigerant supply 
cycle . 
[ 0030 ] Further , the BOG reliquefaction apparatus and 
method for ships according to the present invention allows 
use of various refrigerants for reliquefaction of BOG to 
reduce a refrigerant flux branched off upstream of a heat 
exchanger . When the refrigerant flux branched off upstream 
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of the heat exchanger is reduced , BOG branched off to be 
used as a refrigerant is subjected to compression in a 
multistage compressor , thereby reducing the flux of the 
BOG compressed by the multistage compressor . When the 
flux of the BOG compressed by the multistage compressor 
is reduced , it is possible to reduce power consumption of the 
multistage compressor while allowing reliquefaction of the 
BOG with substantially the same reliquefaction efficiency . 

DESCRIPTION OF DRAWINGS 
[ 0031 ] FIG . 1 is a schematic diagram of a BOG relique 
faction apparatus for ships according to a first exemplary 
embodiment of the present invention . 
[ 0032 ] FIG . 2 is a schematic diagram of a BOG relique 
faction apparatus for ships according to a second exemplary 
embodiment of the present invention . 
[ 0033 ] FIG . 3 is a schematic diagram of a BOG relique 
faction apparatus for ships according to a third exemplary 
embodiment of the present invention . 
[ 0034 ] FIG . 4 is a schematic diagram of a BOG relique 
faction apparatus for ships according to a fourth exemplary 
embodiment of the present invention . 
[ 0035 ] FIG . 5 is a schematic diagram of a BOG relique 
faction apparatus for ships according to a fifth exemplary 
embodiment of the present invention . 
[ 0036 ] FIG . 6 is a schematic diagram of a BOG relique 
faction apparatus for ships according to a sixth exemplary 
embodiment of the present invention . 
10037 ] FIG . 7 is a schematic diagram of a BOG relique 
faction apparatus for ships according to a seventh exemplary 
embodiment of the present invention . 
[ 0038 ] FIG . 8 is a schematic diagram of a BOG relique 
faction apparatus for ships according to an eighth exemplary 
embodiment of the present invention . 
[ 0039 ] FIG . 9 is a schematic diagram of a BOG relique 
faction apparatus for ships according to a ninth exemplary 
embodiment of the present invention . 

[ 0044 ] FIG . 1 is a schematic diagram of a BOG relique 
faction apparatus for ships according to a first exemplary 
embodiment of the present invention . 
[ 0045 ] Referring to FIG . 1 , a BOG reliquefaction appara 
tus for ships according to this exemplary embodiment 
includes : a multistage compressor 20a , 206 , 20c , 20d com 
pressing BOG discharged from the storage tank 10 through 
multiple stages ; a heat exchanger 30 cooling the BOG 
compressed by the multistage compressor 20a , 206 , 200 , 
20d through heat exchange between the BOG compressed in 
multiple stages by the multistage compressor 20a , 206 , 20c , 
20d and the BOG discharged from the storage tank 10 ; a first 
expansion unit 71 expanding the BOG compressed by the 
multistage compressor 20a , 205 , 20c , 20d and having passed 
through the heat exchanger 30 ; a first intermediate cooler 41 
cooling the BOG compressed by the multistage compressor 
20a , 206 , 200 , 20d and having passed through the heat 
exchanger 30 ; a second expansion unit 72 expanding the 
BOG having passed through the first intermediate cooler 41 ; 
a second intermediate cooler 42 cooling the BOG having 
passed through the first intermediate cooler 41 ; a third 
expansion unit 73 expanding the BOG having passed 
through the second intermediate cooler 42 ; and a gas / liquid 
separator 60 separating the BOG , which has been subjected 
to partial reliquefaction while passing through the third 
expansion unit 73 , into reliquefied BOG and gaseous BOG . 
10046 ) . According to this exemplary embodiment , the stor 
age tank 10 stores liquefied gas , such as ethane , ethylene , 
and the like , and discharges BOG , which is generated 
through vaporization of the liquefied gas by heat transferred 
from the outside , when the internal pressure of the storage 
tank 10 exceeds a predetermined pressure . Although lique 
fied gas is illustrated by way of example as being discharged 
from the storage tank 10 in this exemplary embodiment , 
liquefied gas may be discharged from a fuel tank adapted to 
store the liquefied gas in order to supply the liquefied gas as 
fuel to an engine . 
[ 0047 ] According to this exemplary embodiment , the mul 
tistage compressor 20a , 205 , 20c , 20d compresses BOG 
discharged from the storage tank 10 through multiple stages . 
According to this exemplary embodiment , the multistage 
compressor includes four compression stage parts such that 
the BOG can be subjected to four stages of compression , but 
is not limited thereto . 
[ 0048 ] When the multistage compressor is a four - stage 
compressor including four compression stage parts as in this 
exemplary embodiment , the multistage compressor includes 
a first compression stage part 20a , a second compression 
stage part 20b , a third compression stage part 20c , and a 
fourth compression stage part 20d , which are arranged in 
series to sequentially compress BOG . The BOG downstream 
of the first compression stage part 20a may have a pressure 
of 2 bar to 5 bar , for example , 3 . 5 bar , and the BOG 
downstream of the second compression stage part 20b may 
have a pressure of 10 bar to 15 bar , for example , 12 bar . In 
addition , the BOG downstream of the third compression 
stage part 20c may have a pressure of 25 bar to 35 bar , for 
example , 30 . 5 bar , and the BOG downstream of the fourth 
compression stage part 20d may have a pressure of 75 bar to 
90 bar , for example , 83 . 5 bar . 
[ 0049 ] The multistage compressor may include a plurality 
of cooling stage parts 21a , 216 , 21c , 21d disposed down 
stream of the compression stage parts 20a , 206 , 20c , 20d , 
respectively , to decrease the temperature of the BOG , which 

BEST MODE 
[ 0040 ] Hereinafter , embodiments of the present invention 
will be described in detail with reference to the accompa 
nying drawings . A BOG reliquefaction apparatus and 
method according to the present invention may be applied in 
various ways to overland systems and ships , such as ships 
with LNG cargo , particularly , all types of ships and marine 
structures provided with a storage tank storing low - tempera 
ture liquid cargo or liquefied gas , including ships , such as 
LNG carriers , liquefied ethane gas carriers , and LNG RVs , 
and marine structures , such as LNG FPSOs and LNG 
FSRUS . 
[ 0041 ] In addition , a fluid in each line according to the 
present invention may be in a liquid phase , in a gas / liquid 
mixed phase , in a gas phase , or in a supercritical fluid phase 
depending upon system operation conditions . 
[ 0042 ] Further , liquefied gas stored in a storage tank 10 
may be liquefied natural gas ( LNG ) or liquefied petroleum 
gas ( LPG ) , and may include at least one component of 
methane , ethane , ethylene , propylene , heavy hydrocarbon , 
and the like . 
[ 0043 ] Further , the following exemplary embodiments 
may be modified in various different ways and the present 
invention is not limited thereto . 
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is increased not only in pressure but also in temperature after 
passing through each of the compression stage parts 20a , 
206 , 20c , 20d . 
[ 0050 ] According to this exemplary embodiment , the heat 
exchanger 30 cools the BOG ( hereinafter referred to as 
" Flow a ” ) compressed by the multistage compressor 20a , 
20b , 20c , 20d through heat exchange between the BOG 
( Flow a ) and the BOG discharged from the storage tank 10 . 
That is , the BOG compressed to a higher pressure by the 
multistage compressor 20a , 206 , 20c , 20d is decreased in 
temperature by the heat exchanger 30 using the BOG 
discharged from the storage tank 10 as a refrigerant . 
[ 0051 ] According to this exemplary embodiment , the first 
expansion unit 71 is disposed on a line branched off from a 
line through which the BOG is supplied from the heat 
exchanger 30 to the first intermediate cooler 41 , and expands 
some BOG ( hereinafter referred to as “ Flow al " ) branched 
off from the BOG compressed by the multistage compressor 
20a , 206 , 20c , 20d and having passed through the heat 
exchanger 30 . The first expansion unit 71 may be an 
expansion valve or an expander . 
[ 0052 ] Some BOG ( Flow al ) branched off from the BOG 
compressed by the multistage compressor 20a , 206 , 200 , 
20d and having passed through the heat exchanger 30 is 
expanded to a lower pressure and temperature by the first 
expansion unit 71 . The BOG having passed through the first 
expansion unit 71 is supplied to the first intermediate cooler 
41 to be used as a refrigerant for decreasing the temperature 
of the other BOG ( hereinafter referred to as “ Flow a2 ” ) 
compressed by the multistage compressor 20a , 206 , 200 , 
20d and having passed through the heat exchanger 30 . 
[ 0053 ] According to this exemplary embodiment , the first 
intermediate cooler 41 decreases the temperature of the 
BOG ( Flow a2 ) having passed through the multistage com 
pressor 20a , 205 , 20c , 20d and the heat exchanger 30 
through heat exchange between some of the BOG ( Flow a2 ) 
compressed by the multistage compressor 20a , 206 , 200 , 
20d and having passed through the heat exchanger 30 and 
the BOG ( Flow al ) expanded by the first expansion unit 71 . 
[ 0054 ] The BOG ( Flow a2 ) cooled by the first intermedi 
ate cooler 41 after passing through the multistage compres 
sor 20a , 206 , 20c , 20d and the heat exchanger 30 is supplied 
to the second expansion unit 72 and the second intermediate 
cooler 42 , and the BOG ( Flow al ) supplied to the first 
intermediate cooler 41 through the first expansion unit 71 is 
supplied downstream of one compression stage part 20b of 
the multistage compressor 20a , 206 , 20c , 20d . 
[ 0055 ] According to this exemplary embodiment , the sec 
ond expansion unit 72 is disposed on a line branched off 
from a line through which the BOG is supplied from the first 
intermediate cooler 41 to the second intermediate cooler 42 , 
and expands some of the BOG ( Flow a21 ) cooled while 
passing through the heat exchanger 30 and the first inter 
mediate cooler 41 . The second expansion unit 72 may be an 
expansion valve or an expander . 

[ 0056 ] Among the BOG ( Flow a2 ) cooled while passing 
through the heat exchanger 30 and the first intermediate 
cooler 41 , some BOG ( Flow a21 ) is expanded to a lower 
pressure and temperature by the second expansion unit 72 . 
The BOG ( Flow a21 ) having passed through the second 
expansion unit 72 is supplied to the second intermediate 
cooler 42 to be used as a refrigerant for decreasing the 

temperature of the other BOG ( Flow a22 ) cooled while 
passing through the heat exchanger 30 and the first inter 
mediate cooler 41 . 
[ 0057 ] According to this exemplary embodiment , the sec 
ond intermediate cooler 42 further decreases the temperature 
of the BOG ( Flow a22 ) , which is cooled while passing 
through the heat exchanger 30 and the first intermediate 
cooler 41 , through heat exchange between the BOG ( Flow 
a22 ) and the BOG ( Flow a21 ) expanded by the second 
expansion unit 72 . 
[ 0058 ] The BOG cooled by the heat exchanger 30 , the first 
intermediate cooler 41 and the second intermediate cooler 
42 is supplied to the gas / liquid separator 60 through the third 
expansion unit 73 , and the BOG supplied to the second 
intermediate cooler 42 through the second expansion unit 72 
is supplied downstream of one of the compression stage part 
20a , 206 , 20c , 20d in the multistage compressor . 
[ 0059 ] The first intermediate cooler 41 is adapted to 
decrease the temperature of the BOG primarily cooled by 
the heat exchanger 30 using the BOG discharged from the 
storage tank 10 , whereas the second intermediate cooler 42 
is adapted to decrease the temperature of the BOG primarily 
cooled by the heat exchanger 30 and then secondarily cooled 
by the first intermediate cooler 41 . Thus , the BOG ( Flow 
a21 ) supplied as a refrigerant to the second intermediate 
cooler 42 is required to have a lower temperature than the 
BOG ( Flow al ) supplied as a refrigerant to the first inter 
mediate cooler 41 . That is , the BOG having passed through 
the second expansion unit 72 is expanded more than the 
BOG having passed through the first expansion unit 71 and 
thus has a lower pressure than the BOG having passed 
through the first expansion unit 71 . Accordingly , the BOG 
discharged from the first intermediate cooler 41 is supplied 
to a compression stage part disposed farther downstream 
than a compression stage part to which the BOG discharged 
from the second intermediate cooler 42 is supplied . The 
BOG discharged from the first and second intermediate 
coolers 41 , 42 is merged with BOG having a similar pressure 
thereto among BOG subjected to multiple stages of com 
pression through the multistage compressor 20a , 205 , 200 , 
20d , and is then compressed . 
[ 0060 ] On the other hand , since the BOG expanded by the 
first expansion unit 71 and the second expansion unit 72 is 
used as a refrigerant for cooling the BOG in the first 
intermediate cooler 41 and the second intermediate cooler 
42 , the amounts of the BOG to be supplied to the first 
expansion unit 71 and the second expansion unit 72 may be 
adjusted depending upon the degree of cooling the BOG in 
the first intermediate cooler 41 and the second intermediate 
cooler 42 . Here , the BOG compressed by the multistage 
compressor 20a , 206 , 20c , 20d and having passed through 
the heat exchanger 30 is divided into two flows to be 
supplied to the first expansion unit 71 and the first interme 
diate cooler 41 , respectively . Thus , the ratio of BOG to be 
supplied to the first expansion unit 71 is increased in order 
to cool the BOG to a lower temperature in the first inter 
mediate cooler 41 and is decreased in order to cool a smaller 
amount of BOG in the first intermediate cooler 41 . 
10061 ] . Like the BOG supplied from the heat exchanger 30 
to the first intermediate cooler 41 , when the BOG is supplied 
from the first intermediate cooler 41 to the second interme 
diate cooler 42 , the ratio of BOG to be supplied to the second 
expansion unit 72 is increased in order to cool the BOG to 
a lower temperature in the second intermediate cooler 42 
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and the ratio of BOG to be supplied to the second expansion 
unit 72 is decreased in order to cool a smaller amount of 
BOG in the second intermediate cooler 42 . 
[ 0062 ] In this exemplary embodiment , the reliquefaction 
apparatus includes two intermediate coolers 41 , 42 and two 
expansion units 71 , 72 disposed upstream of the intermedi 
ate coolers 41 , 42 , respectively . However , it should be noted 
that the number of intermediate coolers and the number of 
expansion units disposed upstream of the intermediate cool 
ers can be changed , as needed . In addition , the intermediate 
coolers 41 , 42 according to this exemplary embodiment may 
be intermediate coolers for ships , as shown in FIG . 1 , or may 
be typical heat exchangers . 
[ 0063 ] According to this exemplary embodiment , the third 
expansion unit 73 expands the BOG having passed through 
the first intermediate cooler 41 and the second intermediate 
cooler 42 to about normal pressure . 
[ 0064 ] According to this exemplary embodiment , the gas / 
liquid separator 60 separates the BOG , which has been 
subjected to partial reliquefaction while passing through the 
third expansion unit 73 , into reliquefied BOG and gaseous 
BOG . The gaseous BOG separated by the gas / liquid sepa 
rator 60 is supplied upstream of the heat exchanger 30 to be 
subjected to reliquefaction together with the BOG dis 
charged from the storage tank 10 , and the reliquefied BOG 
separated by the gas / liquid separator 60 is returned back to 
the storage tank 10 . In an exemplary embodiment wherein 
BOG is discharged from a fuel tank , the reliquefied BOG is 
supplied to the fuel tank . 
[ 0065 ] Hereinafter , the flow of BOG in the BOG relique 
faction apparatus for ships according to this exemplary 
embodiment will be described with reference to FIG . 1 . 
[ 0066 ] BOG discharged from the storage tank 10 passes 
through the heat exchanger 30 and is then compressed by the 
multistage compressor 20a , 205 , 20c , 20d . The BOG com 
pressed by the multistage compressor 20a , 205 , 20c , 20d has 
a pressure of about 40 bar to 100 bar , or about 80 bar . The 
BOG compressed by the multistage compressor 20a , 206 , 
20c , 20d has a supercritical fluid phase in which liquid and 
gas are not distinguished from each other . 
[ 0067 ] The BOG having passed through the multistage 
compressor 20a , 206 , 20c , 20d is kept in a supercritical fluid 
phase with a substantially similar pressure before the third 
expansion unit 73 while passing through the heat exchanger 
30 , the first intermediate cooler 41 and the second interme 
diate cooler 42 . Since the BOG having passed through the 
multistage compressor 20a , 206 , 20c , 20d can undergo 
sequential decrease in temperature while passing through the 
heat exchanger 30 , the first intermediate cooler 41 and the 
second intermediate cooler 42 , and can undergo sequential 
decrease in pressure depending upon an application method 
of processes while passing through the heat exchanger 30 , 
the first intermediate cooler 41 and the second intermediate 
cooler 42 , the BOG may be in a gas / liquid mixed phase or 
in a liquid phase before the third expansion unit 73 while 
passing through the heat exchanger 30 , the first intermediate 
cooler 41 and the second intermediate cooler 42 . 
[ 0068 ] The BOG having passed through the multistage 
compressor 20a , 206 , 20c , 20d is supplied again to the heat 
exchanger 30 to be subjected to heat exchange with the BOG 
discharged from the storage tank 10 . The BOG having 
passed through the multistage compressor 20a , 206 , 200 , 
20d and the heat exchanger 30 may have a temperature of 
about - 10° C . to 35° C . 

[ 0069 ] Among the BOG ( Flow a ) having passed through 
multistage compressor 20a , 206 , 20c , 20d and the heat 
exchanger 30 , some BOG ( Flow al ) is supplied to the first 
expansion unit 71 and the other BOG ( Flow a2 ) is supplied 
to the first intermediate cooler 41 . The BOG ( Flow al ) 
supplied to the first expansion unit 71 is expanded to a lower 
pressure and temperature and is then supplied to the first 
intermediate cooler 41 , and the other BOG ( Flow a2 ) 
supplied to the first intermediate cooler 41 through the heat 
exchanger 30 is decreased in temperature through heat 
exchange with the BOG having passed through the first 
expansion unit 71 . 
[ 0070 ] The BOG ( Flow al ) branched off from the BOG 
having passed through the heat exchanger 30 and supplied to 
the first expansion unit 71 is expanded to a gas / liquid mixed 
phase by the first expansion unit 71 . The BOG expanded to 
the gas / liquid mixed phase by the first expansion unit 71 is 
converted into a gas phase through heat exchange in the first 
intermediate cooler 41 . 
[ 0071 ] Among the BOG ( Flow a2 ) obtained in the first 
intermediate cooler 41 through heat exchange with the BOG 
having passed through the first expansion unit 71 , some 
BOG ( Flow a21 ) is supplied to the second expansion unit 72 
and the other BOG ( Flow a22 ) is supplied to the second 
intermediate cooler 42 . The BOG ( Flow a21 ) supplied to the 
second expansion unit 72 is expanded to a lower pressure 
and temperature and is then supplied to the second interme 
diate cooler 42 , and the BOG supplied to the second 
intermediate cooler 42 through the first intermediate cooler 
41 is subjected to heat exchange with the BOG having 
passed through the second expansion unit 72 to have a lower 
temperature . 
[ 0072 ] Like the BOG ( Flow al ) supplied to the first 
expansion unit 71 through the heat exchanger 30 , the BOG 
( Flow a21 ) supplied to the second expansion unit 72 through 
the first intermediate cooler 41 may be expanded to a 
gas / liquid mixed phase by the second expansion unit 72 . The 
BOG expanded to the gas / liquid mixed phase by the second 
expansion unit 72 is converted into a gas phase through heat 
exchange in the second intermediate cooler 42 . 
[ 0073 ] The BOG ( Flow a22 ) subjected to heat exchange 
with the BOG having passed through the second expansion 
unit 72 in the second intermediate cooler 42 is partially 
reliquefied through expansion to about normal pressure and 
a lower temperature by the third expansion unit 73 . The 
BOG having passed through the third expansion unit 73 is 
supplied to the gas / liquid separator 60 , in which the BOG is 
separated into reliquefied BOG and gaseous BOG . The 
reliquefied BOG is supplied to the storage tank 10 and the 
gaseous BOG is supplied upstream of the heat exchanger 30 . 
[ 0074 ] The BOG reliquefaction apparatus for ships 
according to this exemplary embodiment cools the BOG 
through self - heat exchange using the BOG ( Flow al ) 
expanded by the first expansion unit 71 and the BOG ( Flow 
a21 ) expanded by the second expansion unit 72 as a refrig 
erant , thereby enabling reliquefaction of the BOG without a 
separate refrigerant cycle . 
[ 0075 ] In addition , a conventional reliquefaction appara 
tus having a separate refrigerant cycle consumes a power of 
about 2 . 4 kW in order to recover a heat quantity of 1 kW , 
whereas the BOG reliquefaction apparatus for ships accord 
ing to the exemplary embodiments consumes a power of 
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about 1 . 7 kW in order to recover a heat quantity of 1 kW , 
thereby reducing energy consumption for operation of the 
reliquefaction apparatus . 
[ 0076 ] FIG . 2 is a schematic diagram of a BOG relique 
faction apparatus for ships according to a second exemplary 
embodiment of the present invention . 
10077 ] The BOG reliquefaction apparatus for ships 
according to the second exemplary embodiment shown in 
FIG . 2 is distinguished from the BOG reliquefaction appa 
ratus for ships according to the first exemplary embodiment 
shown in FIG . 1 in that reliquefied BOG separated by the 
gas / liquid separator is supplied together with gaseous BOG 
to the storage tank , and the following description will focus 
on the different features of the second exemplary embodi 
ment . Detailed description of the same components as those 
of the BOG reliquefaction apparatus for ships according to 
the first exemplary embodiment will be omitted . 
[ 0078 ] Referring to FIG . 2 , like the first exemplary 
embodiment , the BOG reliquefaction apparatus for ships 
according to the second exemplary embodiment includes : a 
multistage compressor 20a , 206 , 20c , 20d ; a heat exchanger 
30 ; a first expansion unit 71 ; a first intermediate cooler 41 ; 
a second expansion unit 72 ; a second intermediate cooler 42 ; 
a third expansion unit 73 ; and a gas / liquid separator 60 . 
[ 0079 ] As in the first exemplary embodiment , the storage 
tank 10 according to this exemplary embodiment stores 
liquefied gas , such as ethane , ethylene , and the like , and 
discharges BOG , which is generated through vaporization of 
the liquefied gas by heat transferred from the outside , when 
the internal pressure of the storage tank 10 exceeds a 
predetermined pressure . 
[ 0080 ] As in the first exemplary embodiment , the multi 
stage compressor 20a , 206 , 20c , 20d according to this 
exemplary embodiment compresses BOG discharged from 
the storage tank 10 through multiple stages . A plurality of 
coolers 21a , 216 , 21c , 21d may be disposed downstream of 
a plurality of compression stage parts 20a , 206 , 20c , 20d , 
respectively . 
[ 0081 ] As in the first exemplary embodiment , the heat 
exchanger 30 according to this exemplary embodiment 
performs heat exchange between the BOG compressed by 
the multistage compressor 20a , 206 , 20c , 20d and the BOG 
discharged from the storage tank 10 . 
[ 0082 ] As in the first exemplary embodiment , the first 
expansion unit 71 according to this exemplary embodiment 
is disposed on a line branched off from a line through which 
the BOG is supplied from the heat exchanger 30 to the first 
intermediate cooler 41 , and expands some of the BOG 
compressed by the multistage compressor 20a , 206 , 200 , 
20d and having passed through the heat exchanger 30 . 
[ 0083 ] As in the first exemplary embodiment , the first 
intermediate cooler 41 according to this exemplary embodi 
ment decreases the temperature of the BOG having passed 
through the multistage compressor 20a , 205 , 20c , 20d and 
the heat exchanger 30 through heat exchange between some 
of the BOG compressed by the multistage compressor 20a , 
206 , 20c , 20d and having passed through the heat exchanger 
30 and the BOG expanded by the first expansion unit 71 . 
[ 0084 ] As in the first exemplary embodiment , the second 
expansion unit 72 according to this exemplary embodiment 
is disposed on a line branched off from a line through which 
the BOG is supplied from the first intermediate cooler 41 to 
the second intermediate cooler 42 , and expands some of the 

BOG cooled while passing through the heat exchanger 30 
and the first intermediate cooler 41 . 
0085 ] As in the first exemplary embodiment , the second 
intermediate cooler 42 according to this exemplary embodi 
ment further decreases the temperature of the BOG , which 
is cooled while passing through the heat exchanger 30 and 
the first intermediate cooler 41 , through heat exchange 
between the BOG cooled while passing through the heat 
exchanger 30 and the first intermediate cooler 41 and the 
BOG expanded by the second expansion unit 72 . 
[ 0086 ] As in the first exemplary embodiment , the BOG 
discharged from the first intermediate cooler 41 is supplied 
farther downstream of the compression stage part than the 
BOG discharged from the second intermediate cooler 42 . 
[ 0087 ] In addition , as in the first exemplary embodiment , 
the ratio of BOG to be supplied to the first expansion unit 71 
is increased in order to cool the BOG to a lower temperature 
in the first intermediate cooler 41 and is decreased in order 
to cool a smaller amount of BOG in the first intermediate 
cooler 41 . 
[ 0088 ] Like the BOG supplied from the heat exchanger 30 
to the first intermediate cooler 41 , when the BOG is supplied 
from the first intermediate cooler 41 to the second interme 
diate cooler 42 , the ratio of BOG to be supplied to the second 
expansion unit 72 is increased in order to cool the BOG to 
a lower temperature in the second intermediate cooler 42 
and the ratio of BOG to be supplied to the second expansion 
unit 72 is decreased in order to cool a smaller amount of 
BOG in the second intermediate cooler 42 . 
10089 ] As in the first exemplary embodiment , the third 
expansion unit 73 according to this exemplary embodiment 
expands the BOG having passed through the first interme 
diate cooler 41 and the second intermediate cooler 42 to 
about normal pressure . 
[ 0090 ] As in the first exemplary embodiment , the gas / 
liquid separator 60 according to this exemplary embodiment 
separates the BOG , which has been subjected to partial 
reliquefaction while passing through the third expansion unit 
73 , into reliquefied BOG and gaseous BOG . 
10091 ] However , unlike the first exemplary embodiment , 
the gaseous BOG separated by the gas / liquid separator 60 
according to this exemplary embodiment is supplied 
together with the reliquefied BOG to the storage tank 10 . 
The gaseous BOG supplied to the storage tank 10 is supplied 
together with the BOG discharged from the storage tank 10 
to the heat exchanger 30 and is subjected to the reliquefac 
tion process . 
[ 0092 ] Hereinafter , the flow of BOG in the BOG relique 
faction apparatus for ships according to this exemplary 
embodiment will be described with reference to FIG . 2 . 
[ 0093 ] As in the first exemplary embodiment , the BOG 
discharged from the storage tank 10 passes through the heat 
exchanger 30 and is then compressed by the multistage 
compressor 20a , 206 , 20c , 20d . 
[ 0094 ] As in the first exemplary embodiment , the com 
pressed BOG having passed through the multistage com 
pressor 20a , 206 , 20c , 20d is supplied again to the heat 
exchanger 30 to be subjected to heat exchange with the BOG 
discharged from the storage tank 10 . Among the BOG 
having passed through the multistage compressor 20a , 20b , 
20c , 20d and the heat exchanger 30 , some BOG is supplied 
to the first expansion unit 71 and the other BOG is supplied 
to the first intermediate cooler 41 . The BOG supplied to the 
first expansion unit 71 is expanded to a lower pressure and 
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[ 0102 ] As in the first and second exemplary embodiments , 
the multistage compressor 20a , 206 , 20c , 20d according to 
this exemplary embodiment compresses BOG discharged 
from the storage tank 10 through multiple stages . A plurality 
of coolers 21a , 216 , 21c , 21d may be disposed downstream 
of a plurality of compression stage parts 20a , 206 , 20c , 20d , 
respectively . 
[ 0103 ] As in the first and second exemplary embodiments , 
the heat exchanger 30 according to this exemplary embodi 
ment performs heat exchange between the BOG compressed 
by the multistage compressor 20a , 206 , 20c , 20d and the 
BOG discharged from the storage tank 10 . 
[ 0104 ] As in the first and second exemplary embodiments , 
the first expansion unit 71 according to this exemplary 
embodiment is disposed on a line branched off from a line 
through which the BOG is supplied from the heat exchanger 
30 to the first intermediate cooler 41 , and expands some of 
the BOG compressed by the multistage compressor 20a , 
206 , 20c , 20d and having passed through the heat exchanger 
30 . 

temperature and is then supplied to the first intermediate 
cooler 41 , and the other BOG supplied to the first interme 
diate cooler 41 through the heat exchanger 30 is decreased 
in temperature through heat exchange with the BOG having 
passed through the first expansion unit 71 . 
[ 0095 ] As in the first exemplary embodiment , among the 
BOG obtained in the first intermediate cooler 41 through 
heat exchange with the BOG having passed through the first 
expansion unit 71 , some BOG is supplied to the second 
expansion unit 72 and the other BOG is supplied to the 
second intermediate cooler 42 . The BOG supplied to the 
second expansion unit 72 is expanded to a lower pressure 
and temperature and is then supplied to the second interme 
diate cooler 42 , and the BOG supplied to the second 
intermediate cooler 42 through the first intermediate cooler 
41 is subjected to heat exchange with the BOG having 
passed through the second expansion unit 72 to have a lower 
temperature . 
100961 . As in the first exemplary embodiment , the BOG 
subjected to heat exchange with the BOG having passed 
through the second expansion unit 72 in the second inter 
mediate cooler 42 is partially reliquefied through expansion 
to about normal pressure and a lower temperature by the 
third expansion unit 73 . The BOG having passed through the 
third expansion unit 73 is supplied to the gas / liquid separator 
60 , in which the BOG is separated into reliquefied BOG and 
gaseous BOG . 
[ 0097 ] However , unlike the first exemplary embodiment , 
both the gaseous BOG and the reliquefied BOG separated by 
the gas / liquid separator 60 according to this exemplary 
embodiment are supplied to the storage tank 10 . 
[ 0098 ] FIG . 3 is a schematic diagram of a BOG relique 
faction apparatus for ships according to a third exemplary 
embodiment of the present invention . 
[ 0099 ] The BOG reliquefaction apparatus for ships 
according to the third exemplary embodiment shown in FIG . 
3 is distinguished from the BOG reliquefaction apparatus for 
ships according to the first exemplary embodiment shown in 
FIG . 1 in that gaseous BOG is supplied to the storage tank , 
and is distinguished from the BOG reliquefaction apparatus 
for ships according to the second exemplary embodiment 
shown in FIG . 2 in that gaseous BOG is divided from 
reliquefied BOG and then separately supplied to storage 
tank . The following description will focus on the different 
features of the third exemplary embodiment . Detailed 
description of the same components as those of the BOG 
reliquefaction apparatus for ships according to the first and 
second exemplary embodiments will be omitted . 
[ 0100 ] Referring to FIG . 3 , as in the first and second 
exemplary embodiments , the BOG reliquefaction apparatus 
for ships according to the third exemplary embodiment 
includes : a multistage compressor 20a , 206 , 20c , 20d ; a heat 
exchanger 30 ; the first expansion unit 71 ; a first intermediate 
cooler 41 ; a second expansion unit 72 ; a second intermediate 
cooler 42 ; a third expansion unit 73 ; and a gas / liquid 
separator 60 . 
[ 0101 ] As in the first and second exemplary embodiments , 
the storage tank 10 according to this exemplary embodiment 
stores liquefied gas , such as ethane , ethylene , and the like , 
and discharges BOG , which is generated through vaporiza 
tion of the liquefied gas by heat transferred from the outside , 
when the internal pressure of the storage tank 10 exceeds a 
predetermined pressure . 

[ 0105 ] As in the first and second exemplary embodiments , 
the first intermediate cooler 41 according to this exemplary 
embodiment decreases the temperature of the BOG having 
passed through the multistage compressor 20a , 206 , 200 , 
20d and the heat exchanger 30 through heat exchange 
between some of the BOG compressed by the multistage 
compressor 20a , 206 , 20c , 20d and having passed through 
the heat exchanger 30 and the BOG expanded by the first 
expansion unit 71 . 
[ 0106 ] As in the first and second exemplary embodiments , 
the second expansion unit 72 according to this exemplary 
embodiment is disposed on a line branched off from a line 
through which the BOG is supplied from the first interme 
diate cooler 41 to the second intermediate cooler 42 , and 
expands some of the BOG cooled while passing through the 
heat exchanger 30 and the first intermediate cooler 41 . 
[ 0107 ] As in the first and second exemplary embodiments , 
the second intermediate cooler 42 according to this exem 
plary embodiment further decreases the temperature of the 
BOG , which is cooled while passing through the heat 
exchanger 30 and the first intermediate cooler 41 , through 
heat exchange between the BOG cooled while passing 
through the heat exchanger 30 and the first intermediate 
cooler 41 and the BOG expanded by the second expansion 
unit 72 . 
10108 ] As in the first and second exemplary embodiments , 
the BOG discharged from the first intermediate cooler 41 is 
supplied farther downstream of the compression stage part 
of the multistage compressor than the BOG discharged from 
the second intermediate cooler 42 . 
[ 0109 ] As in the first and second exemplary embodiments , 
the ratio of BOG to be supplied to the first expansion unit 71 
is increased in order to cool the BOG to a lower temperature 
in the first intermediate cooler 41 and is decreased in order 
to cool a smaller amount of BOG in the first intermediate 
cooler 41 . 
[ 0110 ] Like the BOG supplied from the heat exchanger 30 
to the first intermediate cooler 41 , when the BOG is supplied 
from the first intermediate cooler 41 to the second interme 
diate cooler 42 , the ratio of BOG to be supplied to the second 
expansion unit 72 is increased in order to cool the BOG to 
a lower temperature in the second intermediate cooler 42 
and the ratio of BOG to be supplied to the second expansion 
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unit 72 is decreased in order to cool a smaller amount of 
BOG in the second intermediate cooler 42 . 
[ 0111 ] As in the first and second exemplary embodiments , 
the third expansion unit 73 according to this exemplary 
embodiment expands the BOG having passed through the 
first intermediate cooler 41 and the second intermediate 
cooler 42 to about normal pressure . 
[ 0112 ] As in the first and second exemplary embodiments , 
the gas / liquid separator 60 according to this exemplary 
embodiment separates the BOG , which has been subjected 
to partial reliquefaction while passing through the third 
expansion unit 73 , into reliquefied BOG and gaseous BOG . 
[ 0113 ] However , unlike the first exemplary embodiment , 
the gaseous BOG separated by the gas / liquid separator 60 
according to this exemplary embodiment is supplied to the 
storage tank 10 . In addition , unlike the second exemplary 
embodiment , the gaseous BOG separated by the gas / liquid 
separator 60 according to this exemplary embodiment is 
divided from the reliquefied BOG and is separately supplied 
to the storage tank 10 instead of being supplied together with 
the reliquefied BOG thereto . 
[ 0114 ] Hereinafter , the flow of BOG in the BOG relique 
faction apparatus for ships according to this exemplary 
embodiment will be described with reference to FIG . 3 . 
[ 0115 ] As in the first and second exemplary embodiments , 
the BOG discharged from the storage tank 10 is compressed 
by the multistage compressor 20a , 206 , 20c , 20d after 
passing through the heat exchanger 30 . 
[ 0116 ] As in the first and second exemplary embodiments , 
the BOG having passed through the multistage compressor 
20a , 206 , 20c , 20d is supplied again to the heat exchanger 
30 to be subjected to heat exchange with the BOG dis 
charged from the storage tank 10 . Among the BOG having 
passed through multistage compressor 20a , 206 , 20c , 20d 
and the heat exchanger 30 , some BOG is supplied to the first 
expansion unit 71 and the other BOG is supplied to the first 
intermediate cooler 41 . The BOG supplied to the first 
expansion unit 71 is expanded to a lower pressure and 
temperature and is then supplied to the first intermediate 
cooler 41 , and the other BOG supplied to the first interme 
diate cooler 41 through the heat exchanger 30 is decreased 
in temperature through heat exchange with the BOG having 
passed through the first expansion unit 71 . 
[ 0117 ] As in the first and second exemplary embodiments , 
among the BOG obtained in the first intermediate cooler 41 
through heat exchange with the BOG having passed through 
the first expansion unit 71 , some BOG is supplied to the 
second expansion unit 72 and the other BOG is supplied to 
the second intermediate cooler 42 . The BOG supplied to the 
second expansion unit 72 is expanded to a lower pressure 
and temperature and is then supplied to the second interme 
diate cooler 42 , and the BOG supplied to the second 
intermediate cooler 42 through the first intermediate cooler 
41 is subjected to heat exchange with the BOG having 
passed through the second expansion unit 72 to have a lower 
temperature . 
[ 0118 ] As in the first and second exemplary embodiments , 
the BOG subjected to heat exchange with the BOG having 
passed through the second expansion unit 72 in the second 
intermediate cooler 42 is partially reliquefied through expan 
sion to about normal pressure and a lower temperature by the 
third expansion unit 73 . The BOG having passed through the 

third expansion unit 73 is supplied to the gas / liquid separator 
60 , in which the BOG is separated into reliquefied BOG and 
gaseous BOG . 
[ 0119 ] However , unlike the first exemplary embodiment , 
the gaseous BOG separated by the gas / liquid separator 60 
according to this exemplary embodiment is supplied to the 
storage tank 10 . In addition , unlike the second exemplary 
embodiment , the gaseous BOG separated by the gas / liquid 
separator 60 according to this exemplary embodiment is 
divided from the reliquefied BOG and is separately supplied 
to the storage tank 10 instead of being supplied together with 
the reliquefied BOG thereto . 
[ 0120 ] FIG . 4 is a schematic diagram of a BOG relique 
faction apparatus for ships according to a fourth exemplary 
embodiment of the present invention . 
[ 0121 ] The BOG reliquefaction apparatus for ships 
according to the fourth exemplary embodiment shown in 
FIG . 4 is distinguished from the BOG reliquefaction appa 
ratus for ships according to the first exemplary embodiment 
shown in FIG . 1 in that gaseous BOG is supplied to the 
storage tank , and is distinguished from the BOG reliquefac 
tion apparatus for ships according to the third exemplary 
embodiment shown in FIG . 3 in that the gaseous BOG is 
supplied to a lower portion in the storage tank . The follow 
ing description will focus on the different features of the 
fourth exemplary embodiment . Detailed description of the 
same components as those of the BOG reliquefaction appa 
ratus for ships according to the first and third exemplary 
embodiments will be omitted . 
[ 0122 ] Referring to FIG . 4 , as in the first and third exem 
plary embodiments , the BOG reliquefaction apparatus for 
ships according to the fourth exemplary embodiment 
includes : a multistage compressor 20a , 206 , 20c , 20d ; a heat 
exchanger 30 ; the first expansion unit 71 ; a first intermediate 
cooler 41 ; a second expansion unit 72 ; a second intermediate 
cooler 42 ; a third expansion unit 73 ; and a gas / liquid 
separator 60 . 
[ 0123 ] As in the first and third exemplary embodiments , 
the storage tank 10 according to this exemplary embodiment 
stores liquefied gas , such as ethane , ethylene , and the like , 
and discharges BOG , which is generated through vaporiza 
tion of the liquefied gas by heat transferred from the outside , 
when the internal pressure of the storage tank 10 exceeds a 
predetermined pressure . 
[ 0124 ] As in the first and third exemplary embodiments 
the multistage compressor 20a , 205 , 20c , 20d according to 
this exemplary embodiment compresses BOG discharged 
from the storage tank 10 through multiple stages . A plurality 
of coolers 21a , 216 , 21c , 21d may be disposed downstream 
of a plurality of compression stage parts 20a , 206 , 20c , 20d , 
respectively . 
[ 0125 ] As in the first and third exemplary embodiments , 
the heat exchanger 30 according to this exemplary embodi 
ment performs heat exchange between the BOG compressed 
by the multistage compressor 20a , 206 , 20c , 20d and the 
BOG discharged from the storage tank 10 . 
[ 0126 ] As in the first and third exemplary embodiments , 
the first expansion unit 71 according to this exemplary 
embodiment is disposed on a line branched off from a line 
through which the BOG is supplied from the heat exchanger 
30 to the first intermediate cooler 41 , and expands some of 
the BOG compressed by the multistage compressor 20a , 
206 , 20c , 20d and having passed through the heat exchanger 
30 . 
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[ 0127 ] As in the first and third exemplary embodiments , 
the first intermediate cooler 41 according to this exemplary 
embodiment decreases the temperature of the BOG having 
passed through the multistage compressor 20a , 206 , 20c , 
20d and the heat exchanger 30 through heat exchange 
between some of the BOG compressed by the multistage 
compressor 20a , 206 , 20c , 20d and having passed through 
the heat exchanger 30 and the BOG expanded by the first 
expansion unit 71 . 
[ 0128 ] As in the first and third exemplary embodiments , 
the second expansion unit 72 according to this exemplary 
embodiment is disposed on a line branched off from a line 
through which the BOG is supplied from the first interme 
diate cooler 41 to the second intermediate cooler 42 , and 
expands some of the BOG cooled while passing through the 
heat exchanger 30 and the first intermediate cooler 41 . 
[ 0129 ] As in the first and third exemplary embodiments , 
the second intermediate cooler 42 according to this exem 
plary embodiment further decreases the temperature of the 
BOG , which is cooled while passing through the heat 
exchanger 30 and the first intermediate cooler 41 , through 
heat exchange between the BOG cooled while passing 
through the heat exchanger 30 and the first intermediate 
cooler 41 and the BOG expanded by the second expansion 
unit 72 . 
[ 0130 ] As in the first and third exemplary embodiments , 
the BOG discharged from the first intermediate cooler 41 is 
supplied farther downstream of one of the compression stage 
part of multistage compressor than the BOG discharged 
from the second intermediate cooler 42 . 
[ 0131 ] As in the first and third exemplary embodiments , 
the ratio of BOG to be supplied to the first expansion unit 71 
is increased in order to cool the BOG to a lower temperature 
in the first intermediate cooler 41 and is decreased in order 
to cool a smaller amount of BOG in the first intermediate 
cooler 41 . 
[ 0132 ] Like the BOG supplied from the heat exchanger 30 
to the first intermediate cooler 41 , when the BOG is supplied 
from the first intermediate cooler 41 to the second interme 
diate cooler 42 , the ratio of BOG to be supplied to the second 
expansion unit 72 is increased in order to cool the BOG to 
a lower temperature in the second intermediate cooler 42 
and the ratio of BOG to be supplied to the second expansion 
unit 72 is decreased in order to cool a smaller amount of 
BOG in the second intermediate cooler 42 . 
[ 0133 ] As in the first and third exemplary embodiments , 
the third expansion unit 73 according to this exemplary 
embodiment expands the BOG having passed through the 
first intermediate cooler 41 and the second intermediate 
cooler 42 to about normal pressure . 
[ 0134 ] As in the first and third exemplary embodiments , 
the gas / liquid separator 60 according to this exemplary 
embodiment separates the BOG , which has been subjected 
to partial reliquefaction while passing through the third 
expansion unit 73 , into reliquefied BOG and gaseous BOG . 
[ 0135 ] However , unlike the first exemplary embodiment , 
both the gaseous BOG and the reliquefied BOG separated by 
the gas / liquid separator 60 according to this exemplary 
embodiment are supplied to the storage tank 10 . In addition , 
unlike the third exemplary embodiment , the gaseous BOG 
separated by the gas / liquid separator 60 according to this 
exemplary embodiment is supplied to the lower portion in 

the storage tank 10 , which is filled with liquefied natural gas , 
instead of being supplied to an upper portion in the storage 
tank 10 . 
[ 0136 ] When the gaseous BOG separated by the gas / liquid 
separator 60 is supplied to the lower portion in the storage 
tank 10 , the gaseous BOG can be decreased in temperature 
or partially liquefied by the liquefied natural gas , thereby 
improving reliquefaction efficiency . Further , since the liq 
uefied natural gas inside the storage tank 10 has a lower 
temperature at a lower level than at a higher level , it is 
desirable that the gaseous BOG be supplied to the lowest 
portion in the storage tank 10 . 
[ 0137 ] Hereinafter , the flow of BOG in the BOG relique 
faction apparatus for ships according to this exemplary 
embodiment will be described with reference to FIG . 4 . 
[ 0138 ] As in the first and third exemplary embodiments , 
the BOG discharged from the storage tank 10 is compressed 
by multistage compressor 20a , 206 , 20c , 20d after passing 
through the heat exchanger 30 . 
[ 0139 ] As in the first and third exemplary embodiments , 
the BOG having passed through the multistage compressor 
20a , 206 , 20c , 20d is supplied again to the heat exchanger 
30 to be subjected to heat exchange with the BOG dis 
charged from the storage tank 10 . Among the BOG having 
passed through multistage compressor 20a , 206 , 200 , 20d 
and the heat exchanger 30 , some BOG is supplied to the first 
expansion unit 71 and the other BOG is supplied to the first 
intermediate cooler 41 . The BOG supplied to the first 
expansion unit 71 is expanded to a lower temperature and 
pressure and is then supplied to the first intermediate cooler 
41 , and the other BOG supplied to the first intermediate 
cooler 41 through the heat exchanger 30 is decreased in 
temperature through heat exchange with the BOG having 
passed through the first expansion unit 71 . 
[ 0140 ] As in the first and third exemplary embodiments , 
among the BOG obtained in the first intermediate cooler 41 
through heat exchange with the BOG having passed through 
the first expansion unit 71 , some BOG is supplied to the 
second expansion unit 72 and the other BOG is supplied to 
the second intermediate cooler 42 . The BOG supplied to the 
second expansion unit 72 is expanded to a lower temperature 
and pressure and is then supplied to the second intermediate 
cooler 42 , and the BOG supplied to the second intermediate 
cooler 42 through the first intermediate cooler 41 is sub 
jected to heat exchange with the BOG having passed 
through the second expansion unit 72 to have a lower 
temperature . 
[ 0141 ] As in the first and third exemplary embodiments , 
the BOG subjected to heat exchange with the BOG having 
passed through the second expansion unit 72 in the second 
intermediate cooler 42 is partially reliquefied through expan 
sion to about normal pressure and a lower temperature by the 
third expansion unit 73 . The BOG having passed through the 
third expansion unit 73 is supplied to the gas / liquid separator 
60 , in which the BOG is separated into reliquefied BOG and 
gaseous BOG . 
[ 0142 ] However , unlike the first exemplary embodiment , 
both the gaseous BOG and the reliquefied BOG separated by 
the gas / liquid separator 60 according to this exemplary 
embodiment are supplied to the storage tank 10 . In addition , 
unlike the third exemplary embodiment , the gaseous BOG 
separated by the gas / liquid separator 60 according to this 
exemplary embodiment is supplied to the lower portion in 
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the storage tank 10 , which is filled with liquefied natural gas , 
instead of being supplied to an upper portion in the storage 
tank 10 . 
[ 0143 ] FIG . 5 is a schematic diagram of a BOG relique 
faction apparatus for ships according to a fifth exemplary 
embodiment of the present invention . 
[ 0144 ] The BOG reliquefaction apparatus for ships 
according to the fifth exemplary embodiment shown in FIG . 
5 is distinguished from the BOG reliquefaction apparatus for 
ships according to the first exemplary embodiment shown in 
FIG . 1 in that the BOG reliquefaction apparatus for ships 
according to the fifth exemplary embodiment does not 
include the gas / liquid separator . The following description 
will focus on the different features of the fifth exemplary 
embodiment . Detailed description of the same components 
as those of the BOG reliquefaction apparatus for ships 
according to the first exemplary embodiment will be omit 
ted . 
[ 0145 ] Referring to FIG . 5 , as in the first exemplary 
embodiment , the BOG reliquefaction apparatus for ships 
according to this exemplary embodiment includes : a multi 
stage compressor 20a , 206 , 20c , 20d ; a heat exchanger 30 ; 
the first expansion unit 71 ; a first intermediate cooler 41 ; a 
second expansion unit 72 ; a second intermediate cooler 42 ; 
and a third expansion unit 73 . Here , the BOG reliquefaction 
apparatus for ships according to this exemplary embodiment 
does not include the gas / liquid separator 60 . 
[ 0146 ] As in the first exemplary embodiment , the storage 
tank 10 according to this exemplary embodiment stores 
liquefied gas , such as ethane , ethylene , and the like , and 
discharges BOG , which is generated through vaporization of 
the liquefied gas by heat transferred from the outside , when 
the internal pressure of the storage tank 10 exceeds a 
predetermined pressure . 
[ 0147 ] As in the first exemplary embodiment , the multi 
stage compressor 20a , 206 , 20c , 20d according to this 
exemplary embodiment compresses BOG discharged from 
the storage tank 10 through multiple stages . A plurality of 
coolers 21a , 216 , 21c , 21d may be disposed downstream of 
a plurality of compression stage parts 20a , 206 , 200 , 200 , 
respectively . 
[ 0148 ] As in the first exemplary embodiment , the heat 
exchanger 30 according to this exemplary embodiment 
performs heat exchange between the BOG compressed by 
the multistage compressor 20a , 206 , 20c , 20d and the BOG 
discharged from the storage tank 10 . 
[ 0149 ] As in the first exemplary embodiment , the first 
expansion unit 71 according to this exemplary embodiment 
is disposed on a line branched off from a line through which 
the BOG is supplied from the heat exchanger 30 to the first 
intermediate cooler 41 , and expands some of the BOG 
compressed by the multistage compressor 20a , 206 , 20c , 
20d and having passed through the heat exchanger 30 . 
[ 0150 ] As in the first exemplary embodiment , the first 
intermediate cooler 41 according to this exemplary embodi 
ment decreases the temperature of the BOG having passed 
through the multistage compressor 20a , 206 , 20c , 20d and 
the heat exchanger 30 through heat exchange between some 
of the BOG compressed by the multistage compressor 20a , 
20b , 20c , 20d and having passed through the heat exchanger 
30 and the BOG expanded by the first expansion unit 71 . 
[ 0151 ] As in the first exemplary embodiment , the second 
expansion unit 72 according to this exemplary embodiment 
is disposed on a line branched off from a line through which 

the BOG is supplied from the first intermediate cooler 41 to 
the second intermediate cooler 42 , and expands some of the 
BOG cooled while passing through the heat exchanger 30 
and the first intermediate cooler 41 . 
[ 0152 ] As in the first exemplary embodiment , the second 
intermediate cooler 42 according to this exemplary embodi 
ment further decreases the temperature of the BOG , which 
is cooled while passing through the heat exchanger 30 and 
the first intermediate cooler 41 , through heat exchange 
between the BOG cooled while passing through the heat 
exchanger 30 and the first intermediate cooler 41 and the 
BOG expanded by the second expansion unit 72 . 
[ 0153 ] As in the first exemplary embodiment , the BOG 
discharged from the first intermediate cooler 41 is supplied 
farther downstream of the multistage compressor than the 
BOG discharged from the second intermediate cooler 42 . 
[ 0154 ] In addition , as in the first exemplary embodiment , 
the ratio of BOG to be supplied to the first expansion unit 71 
is increased in order to cool the BOG to a lower temperature 
in the first intermediate cooler 41 and is decreased in order 
to cool a smaller amount of BOG in the first intermediate 
cooler 41 . 
[ 0155 ] Like the BOG supplied from the heat exchanger 30 
to the first intermediate cooler 41 , when the BOG is supplied 
from the first intermediate cooler 41 to the second interme 
diate cooler 42 , the ratio of BOG to be supplied to the second 
expansion unit 72 is increased in order to cool the BOG to 
a lower temperature in the second intermediate cooler 42 
and the ratio of BOG to be supplied to the second expansion 
unit 72 is decreased in order to cool a smaller amount of 
BOG in the second intermediate cooler 42 . 
10156 ] As in the first exemplary embodiment , the third 
expansion unit 73 according to this exemplary embodiment 
expands the BOG having passed through the first interme 
diate cooler 41 and the second intermediate cooler 42 to 
about normal pressure . 
[ 0157 ] According to this exemplary embodiment , since 
the BOG reliquefaction apparatus for ships does not include 
the gas / liquid separator 60 , both the gaseous BOG and the 
reliquefied BOG having passed through the third expansion 
unit 73 are supplied in a mixed phase to the storage tank 10 . 
[ 0158 ] As in the second to fifth exemplary embodiments 
described above , when gaseous BOG is supplied to the 
storage tank instead of being supplied upstream of the heat 
exchanger 30 , advantageously , the BOG can be efficiently 
discharged from the storage tank 10 even without a separate 
pump , if the storage tank 10 is a compression tank . 
[ 0159 ] Hereinafter , the flow of BOG in the BOG relique 
faction apparatus for ships according to this exemplary 
embodiment will be described with reference to FIG . 5 . 
[ 0160 ] As in the first exemplary embodiment , the BOG 
discharged from the storage tank 10 passes through the heat 
exchanger 30 and is then compressed by the multistage 
compressor 20a , 206 , 20c , 20d . 
[ 0161 ] As in the first exemplary embodiment , the BOG 
having passed through the multistage compressor 20a , 206 , 
20c , 20d is supplied again to the heat exchanger 30 to be 
subjected to heat exchange with the BOG discharged from 
the storage tank 10 . Among the BOG having passed through 
the multistage compressor 20a , 206 , 20c , 20d and the heat 
exchanger 30 , some BOG is supplied to the first expansion 
unit 71 and the other BOG is supplied to the first interme 
diate cooler 41 . The BOG supplied to the first expansion unit 
71 is expanded to a lower pressure and temperature and is 
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then supplied to the first intermediate cooler 41 , and the 
other BOG supplied to the first intermediate cooler 41 
through the heat exchanger 30 is decreased in temperature 
through heat exchange with the BOG having passed through 
the first expansion unit 71 . 
[ 0162 ] As in the first exemplary embodiment , among the 
BOG obtained in the first intermediate cooler 41 through 
heat exchange with the BOG having passed through the first 
expansion unit 71 , some BOG is supplied to the second 
expansion unit 72 and the other BOG is supplied to the 
second intermediate cooler 42 . The BOG supplied to the 
second expansion unit 72 is expanded to a lower temperature 
and pressure and is then supplied to the second intermediate 
cooler 42 , and the BOG supplied to the second intermediate 
cooler 42 through the first intermediate cooler 41 is sub 
jected to heat exchange with the BOG having passed 
through the second expansion unit 72 to have a lower 
temperature . 
[ 0163 ] As in the first exemplary embodiment , the BOG 
subjected to heat exchange with the BOG having passed 
through the second expansion unit 72 in the second inter 
mediate cooler 42 is partially reliquefied through expansion 
to about normal pressure and a lower temperature by the 
third expansion unit 73 . Here , unlike the first exemplary 
embodiment , the BOG having passed through the third 
expansion unit 73 is supplied in a gas / liquid phase to the 
storage tank 10 . 
[ 0164 ] FIG . 6 is a schematic diagram of a BOG relique 
faction apparatus for ships according to a sixth exemplary 
embodiment of the present invention . Detailed description 
of the same components as those of the BOG reliquefaction 
apparatus for ships according to the first exemplary embodi 
ment will be omitted . 
[ 0165 ] Referring to FIG . 6 , a BOG reliquefaction appara 
tus for ships according to this exemplary embodiment 
includes : a storage tank 10 storing liquefied gas ; a multistage 
compressor 20 including a plurality of compression stage 
parts 20a , 206 , 20c , 20d and compressing BOG discharged 
from the storage tank 10 through multiple stages ; a heat 
exchange unit 100 disposed between the storage tank 10 and 
the multistage compressor 20 to cool the BOG compressed 
by the multistage compressor 20 ; a third expansion unit 73 
disposed downstream of the heat exchange unit 100 and 
expanding some of the BOG having passed through the heat 
exchange unit 100 ; and a gas / liquid separator 60 separating 
the BOG , which has been subjected to partial reliquefaction 
while passing through the third expansion unit 73 , into 
reliquefied BOG and gaseous BOG . 
10166 ] A line to which the storage tank 10 , the multistage 
compressor 20 , the heat exchange unit 100 , the third expan 
sion unit 73 , and the gas / liquid separator 60 are provided 
will be referred to as a “ reliquefaction line ” , and provide a 
path through which the BOG discharged from the storage 
tank 10 is reliquefied and returned in a liquid phase to the 
storage tank 10 . 
[ 0167 ] According to this exemplary embodiment , the stor 
age tank 10 stores liquefied gas , such as ethane , ethylene , 
and the like , and discharges BOG , which is generated 
through vaporization of the liquefied gas by heat transferred 
from the outside , when the internal pressure of the storage 
tank 10 exceeds a predetermined pressure . 
[ 0168 ] According to this exemplary embodiment , the mul 
tistage compressor 20a , 206 , 20c , 20d compresses BOG 
discharged from the storage tank 10 through multiple stages . 

According to this exemplary embodiment , the multistage 
compressor includes four compression stage parts such that 
the BOG can be subjected to four stages of compression , but 
is not limited thereto . 
[ 0169 ] When the multistage compressor is a four - stage 
compressor including four compression stage parts , the 
multistage compressor includes a first compression stage 
part 20a , a second compression stage part 20b , a third 
compression stage part 20c , and a fourth compression stage 
part 20d , which are arranged in series to sequentially com 
press BOG . The BOG downstream of the first compression 
stage part 20a may have a pressure of 2 bar to 5 bar , for 
example , 3 . 5 bar , and the BOG downstream of the second 
compression stage part 20b may have a pressure of 10 bar to 
15 bar , for example , 12 bar . In addition , the BOG down 
stream of the third compression stage part 20c may have a 
pressure of 25 bar to 35 bar , for example , 30 . 5 bar , and the 
BOG downstream of the fourth compression stage part 20d 
may have a pressure of 75 bar to 90 bar , for example , 83 . 5 
bar . 
[ 0170 ] The BOG reliquefaction apparatus may include a 
plurality of coolers 21a , 216 , 210 , 21d disposed downstream 
of the plurality of compression stage parts 20a , 206 , 20c , 
20d , respectively , to decrease the temperature of the BOG , 
which is increased not only in pressure but also in tempera 
ture after passing through each of the compression stage 
parts 20a , 206 , 20c , 20d . 
[ 0171 ] According to this exemplary embodiment , the heat 
exchange unit 100 includes : a heat exchanger 30 cooling the 
BOG ( hereinafter referred to as “ Flow a " ) compressed by 
the multistage compressor 20a , 206 , 20c , 20d through heat 
exchange between the BOG compressed by the multistage 
compressor 20a , 206 , 200 , 20d and the BOG discharged 
from the storage tank 10 ; a first expansion unit 71 expanding 
the BOG compressed by the multistage compressor 20a , 
20b , 20c , 20d and having passed through the heat exchanger 
30 ; and a first intermediate cooler 41 decreasing the tem 
perature of BOG compressed by the multistage compressor 
20a , 206 , 20c , 20d and having passed through the heat 
exchanger 30 . 
[ 0172 ) According to this exemplary embodiment , the heat 
exchanger 30 performs heat exchange between the BOG 
( Flow a ) compressed by the multistage compressor 20a , 20b , 
20c , 20d and the BOG discharged from the storage tank 10 . 
That is , the BOG ( Flow a ) compressed to a higher pressure 
by the multistage compressor 20a , 205 , 206 , 20d is 
decreased in temperature by the heat exchanger 30 using the 
BOG discharged from the storage tank 10 as a refrigerant . 
0173 ] According to this exemplary embodiment , the first 
expansion unit 71 is disposed on a bypass line branched off 
from a line through which the BOG is supplied from the heat 
exchanger 30 to the first intermediate cooler 41 , and expands 
some of the BOG ( hereinafter referred to as “ Flow al ” ) 
compressed by the multistage compressor 20a , 206 , 200 , 
20d and having passed through the heat exchanger 30 . The 
first expansion unit 71 may be an expansion valve or an 
expander . 
[ 0174 ] Some BOG ( Flow al ) compressed by the multi 
stage compressor 20a , 206 , 20c , 20d and having passed 
through the heat exchanger 30 is expanded by the first 
expansion unit 71 to a lower temperature and pressure . The 
BOG having passed through the first expansion unit 71 is 
supplied to the first intermediate cooler 41 to be used as a 
refrigerant for decreasing the temperature of the other BOG 
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( hereinafter referred to as “ Flow a2 ' ' ) compressed by the 
multistage compressor 20a , 206 , 20c , 20d and having passed 
through the heat exchanger 30 . 
[ 0175 ] That is , some of the BOG supplied from the heat 
exchanger 30 to the first intermediate cooler 41 passes 
through the first expansion unit 71 disposed on the bypass 
line , and the remaining BOG is supplied to the first inter 
mediate cooler 41 through the reliquefaction line . 
[ 0176 ] . According to this exemplary embodiment , the first 
intermediate cooler 41 decreases the temperature of the 
BOG ( Flow a2 ) having passed through the multistage com 
pressor 20a , 206 , 20c , 20d and the heat exchanger 30 
through heat exchange between some of the BOG ( Flow a2 ) 
compressed by the multistage compressor 20a , 206 , 20c , 
20d and having passed through the heat exchanger 30 and 
the BOG ( Flow al ) expanded by the first expansion unit 71 . 
[ 0177 ] The BOG ( Flow a2 ) decreased in temperature by 
the first intermediate cooler 41 after having passed through 
the multistage compressor 20a , 206 , 20c , 20d and the heat 
exchanger 30 is supplied to the gas / liquid separator 60 after 
having passed through the third expansion unit 73 , and the 
BOG ( Flow al supplied to the first intermediate cooler 41 
through the first expansion unit 71 is supplied downstream 
of one of the compression stage parts 20a , 206 , 200 , 20d , for 
example , downstream of the first compression stage part 20a 
or the second compression stage part 206 , through a first 
compression stage part supply line , which connects the first 
intermediate cooler 41 to the multistage compressor 20 , 
when the multistage compressor 20 is a four - stage compres 
sor . 
[ 0178 ] The BOG discharged from the first intermediate 
cooler 41 is merged with BOG having a similar pressure 
thereto among BOG subjected to multiple stages of com 
pression through the multistage compressor 20a , 205 , 200 , 
20d and is then compressed thereby . 
[ 0179 ] On the other hand , since the BOG expanded by the 
first expansion unit 71 is used as a refrigerant for cooling the 
BOG in the first intermediate cooler 41 , the amount of the 
BOG to be supplied to the first expansion unit 71 may be 
adjusted depending upon the degree of cooling the BOG in 
the first intermediate cooler 41 . Here , the BOG compressed 
by the multistage compressor 20a , 206 , 20c , 20d and having 
passed through the heat exchanger 30 is divided into two 
flows to be supplied to the first expansion unit 71 and the 
first intermediate cooler 41 , respectively . Thus , the ratio of 
BOG to be supplied to the first expansion unit 71 is 
increased in order to cool the BOG to a lower temperature 
in the first intermediate cooler 41 and is decreased in order 
to cool a smaller amount of BOG in the first intermediate 
cooler 41 . 
[ 0180 ] According to this exemplary embodiment , the third 
expansion unit 73 expands the BOG ( Flow a2 ) having 
passed through the first intermediate cooler 41 to about 
normal pressure . 
[ 0181 ] According to this exemplary embodiment , the gas / 
liquid separator 60 separates the BOG , which has been 
subjected to partial reliquefaction while passing through the 
third expansion unit 73 , into reliquefied BOG and gaseous 
BOG . The gaseous BOG separated by the gas / liquid sepa 
rator 60 is supplied upstream of the heat exchanger 30 to be 
subjected to reliquefaction together with the BOG dis 
charged from the storage tank 10 , and the reliquefied BOG 
separated by the gas / liquid separator 60 is returned back to 
the storage tank 10 . 

[ 0182 ] Although FIG . 6 shows that the gaseous BOG 
separated by the gas / liquid separator 60 is supplied upstream 
of the heat exchanger 30 and the reliquefied BOG separated 
by the gas / liquid separator 60 is returned back to the storage 
tank 10 , it should be understood that all of the BOG having 
passed through the gas / liquid separator 60 can be returned to 
the storage tank 10 as in the second exemplary embodiment ; 
both the gaseous BOG and the reliquefied BOG separated by 
the gas / liquid separator 60 can be recovered by the storage 
tank 10 through different lines , respectively , as in the third 
exemplary embodiment ; both the gaseous BOG and the 
reliquefied BOG separated by the gas / liquid separator 60 can 
be supplied to the lower portion in the storage tank 10 
through different lines as in the fourth exemplary embodi 
ment ; or the BOG can be directly recovered by the storage 
tank 10 after expansion by the third expansion unit 73 
without passing through the gas / liquid separator 60 as in the 
fifth exemplary embodiment . 
[ 0183 ] When the reliquefaction apparatus according to 
this exemplary embodiment is provided to a marine structure 
adapted to employ liquefied gas as fuel , a vaporizer 80 may 
be disposed between the first intermediate cooler 41 and the 
third expansion unit 73 . The vaporizer 80 is adapted to 
supply liquefied gas from a fuel tank 3 storing the liquefied 
gas as fuel to a fuel demand site 2 such as an engine after 
vaporization of the liquefied gas . The vaporizer 80 vaporizes 
the liquefied gas supplied from the fuel tank 3 to the fuel 
demand site 2 through heat exchange between the BOG 
( Flow a2 ) supplied from the intermediate cooler 41 to the 
third expansion unit 73 and the liquefied gas supplied from 
the fuel tank 3 to the fuel demand site 2 . 
[ 0184 ] The liquefied gas fuel vaporized by the BOG in the 
vaporizer 80 may be supplied to the fuel demand site 2 , for 
example , an ME - GI engine in a ship . 
[ 0185 ] The fuel tank 3 may be provided in plural and the 
fuel supplied from the fuel tank 3 to the vaporizer 80 may 
be selected from the group consisting of ethane , ethylene , 
propylene , and LPG ( liquefied petroleum gas ) . Thus , when 
the fuel tank 3 is provided in plural , the kinds of fuels stored 
in the fuel tanks 3 may be the same or different . Further , the 
kinds of fuels stored in some fuel tanks 3 may be the same 
and the kinds of fuels stored in the other fuel tanks 3 may be 
different . 
[ 0186 ] Next , the flow of the BOG in the BOG reliquefac 
tion apparatus for ships according to this exemplary embodi 
ment will be described hereinafter with reference to FIG . 6 . 
[ 0187 ] The BOG discharged from the storage tank 10 
passes through the heat exchanger 30 and is then com 
pressed by the multistage compressor 20a , 206 , 20c , 20d . 
The BOG compressed by the multistage compressor 20a , 
206 , 20c , 20d has a pressure of about 40 bar to 100 bar , or 
about 80 bar . The BOG compressed by the multistage 
compressor 20a , 206 , 20c , 20d has a supercritical fluid phase 
in which liquid and gas are not distinguished from each 
other . 
[ 0188 ] The BOG having passed through the multistage 
compressor 20a , 205 , 20c , 20d is kept in a supercritical fluid 
phase with a substantially similar pressure before the third 
expansion unit 73 while passing through the heat exchanger 
30 and the first intermediate cooler 41 or the first interme 
diate cooler 41 and the vaporizer 80 . Here , since the BOG 
having passed through the multistage compressor 20a , 206 , 
20c , 20d can undergo sequential decrease in temperature 
while passing through the heat exchanger 30 and the first 
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intermediate cooler 41 or the first intermediate cooler 41 and 
the vaporizer 80 , and can undergo sequential decrease in 
pressure depending upon an application method of processes 
while passing through the heat exchanger 30 and the first 
intermediate cooler 41 or the first intermediate cooler 41 and 
the vaporizer 80 , the BOG may be in a gas / liquid mixed 
phase or in a liquid phase before the third expansion unit 73 
while passing through the heat exchanger 30 and the first 
intermediate cooler 41 or the first intermediate cooler 41 and 
the vaporizer 80 . 
[ 0189 ] The BOG having passed through the multistage 
compressor 20a , 206 , 20c , 20d is supplied again to the heat 
exchanger 30 to be subjected to heat exchange with the BOG 
discharged from the storage tank 10 . The BOG ( Flow a ) 
having passed through the multistage compressor 20a , 206 , 
20c , 20d and the heat exchanger 30 may have a temperature 
of about - 10° C . to 35º C . 
[ 0190 ] Among the BOG having passed through the mul 
tistage compressor 20a , 206 , 20c , 20d and the heat 
exchanger 30 , some BOG ( Flow al ) is supplied to the first 
expansion unit 71 disposed on the bypass line and the other 
BOG ( Flow a2 ) is supplied to the first intermediate cooler 41 
through the reliquefaction line . The BOG ( Flow al ) supplied 
to the first expansion unit 71 is expanded to a lower 
temperature and pressure and is then supplied to the first 
intermediate cooler 41 , and the other BOG ( Flow a2 ) 
supplied to the first intermediate cooler 41 through the heat 
exchanger 30 is decreased in temperature through heat 
exchange with the BOG ( Flow al ) having passed through 
the first expansion unit 71 . 
[ 0191 ] That is , the BOG supplied to the first intermediate 
cooler 41 through the first expansion unit 71 disposed on the 
bypass line is in a low temperature state and thus cools the 
BOG supplied to the first intermediate cooler 41 through the 
reliquefaction line . The BOG having passed through the first 
expansion unit 71 and the first intermediate cooler 71 is 
supplied to the multistage compressor 20 through a com 
pressor supply line . 
[ 0192 ] The BOG ( Flow al ) branched off from the BOG 
having passed through the heat exchanger 30 and supplied to 
the first expansion unit 71 is expanded to a gas / liquid mixed 
phase by the first expansion unit 71 . The BOG expanded to 
the gas / liquid mixed phase by the first expansion unit 71 is 
converted into a gas phase through heat exchange in the first 
intermediate cooler 41 . 
[ 0193 ] The BOG ( Flow a2 ) obtained in the first interme 
diate cooler 41 through heat exchange with the BOG having 
passed through the first expansion unit 71 is supplied to the 
vaporizer 80 through the reliquefaction line . The BOG 
supplied to the vaporizer 80 through the first intermediate 
cooler 41 is decreased in temperature while vaporizing the 
liquefied gas fuel supplied from the fuel tank 3 to the fuel 
demand site 2 through heat exchange with the liquefied gas 
fuel supplied from the fuel tank 3 to the fuel demand site 2 . 
[ 0194 ] Then , the BOG subjected to heat exchange with the 
liquefied gas fuel in the vaporizer 80 is partially reliquefied 
through expansion to about normal pressure and a lower 
temperature by the third expansion unit 73 . Through this 
process , the BOG phase changes to a gas - liquid mixture . The 
BOG having passed through the third expansion unit 73 is 
supplied to the gas / liquid separator 60 , in which the BOG is 
separated into reliquefied BOG and gaseous BOG . The 
reliquefied BOG is supplied to the storage tank 10 and the 
gaseous BOG is supplied upstream of the heat exchanger 30 . 

[ 0195 ] FIG . 7 is a schematic diagram of a BOG relique 
faction apparatus for ships according to a seventh exemplary 
embodiment of the present invention . 
[ 0196 ] The BOG reliquefaction apparatus for ships 
according to the seventh exemplary embodiment shown in 
FIG . 7 is distinguished from the BOG reliquefaction appa 
ratus for ships according to the sixth exemplary embodiment 
shown in FIG . 6 in that , as the heat exchange unit 100 , a 
multistream heat exchanger 30a is disposed between the 
storage tank 10 and a compressor 20 and a multistream 
expansion unit 71a is disposed upstream of the multistream 
heat exchanger 30a . The following description will focus on 
the different features between the seventh exemplary 
embodiment shown in FIG . 7 and the sixth exemplary 
embodiment shown in FIG . 6 . Detailed descriptions of the 
same components and functions as those of the BOG reli 
quefaction apparatus for ships according to the sixth exem 
plary embodiment will be omitted . 
f0197 ] As in the above exemplary embodiments , the BOG 
downstream of the first compression stage part 20a may 
have a pressure of 2 bar to 5 bar , for example , 3 . 5 bar , and 
the BOG downstream of the second compression stage part 
20b may have a pressure of 10 bar to 15 bar , for example , 
12 bar . In addition , the BOG downstream of the third 
compression stage part 20c may have a pressure of 25 bar to 
35 bar , for example , 30 . 5 bar , and the BOG downstream of 
the fourth compression stage part 20d may have a pressure 
of 75 bar to 90 bar , for example , 83 . 5 bar . 
[ 0198 ] Likewise , the fuel tank 3 may be provided in plural 
and the fuel supplied from the fuel tank 3 to the vaporizer 80 
may be selected from the group consisting of ethane , eth 
ylene , propylene , and LPG ( liquefied petroleum gas ) . Thus , 
when the fuel tank 3 is provided in plural , the kinds of fuels 
stored in the fuel tanks 3 may be the same or different . 
Further , the kinds of fuels stored in some fuel tanks 3 may 
be the same and the kinds of fuels stored in the other fuel 
tanks 3 may be different . 
[ 0199 ] Next , the flow of the BOG in the BOG reliquefac 
tion apparatus for ships according to this exemplary embodi 
ment will be described hereinafter with reference to FIG . 7 . 
[ 0200 ] In this exemplary embodiment , the BOG ( Flow a ) 
supplied from the storage tank 10 to the compressor 20 
through the multistream heat exchanger 30a and then com 
pressed by and discharged from the compressor 20 is sup 
plied again to the multistream heat exchanger 30a to be 
subjected to primary heat exchange in the heat exchanger 
30a , and the BOG ( Flow al ) branched off from the BOG 
( Flow a ) is supplied to the multistream heat exchanger 30a 
after expansion by the multistream expansion unit 71a and 
cools the BOG compressed by the compressor 20 together 
with the BOG supplied from the storage tank 10 to the 
compressor 20 . 
[ 0201 ] That is , the BOG ( Flow a ) supplied from the 
compressor 20 is cooled through heat exchange with the 
BOG supplied from the storage tank 10 to the multistream 
heat exchanger 30a . This is because the BOG discharged 
from the storage tank 10 has an extremely low temperature 
approaching the boiling point thereof , whereas the BOG 
supplied from the compressor 20 has a relatively high 
temperature due to temperature increase through compres 
sion in the compressor 20 . 
[ 0202 ] Some BOG ( Flow a2 ) cooled by the multistream 
heat exchanger 30a is subjected to the same process as in the 
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sixth exemplary embodiment while passing through the 
vaporizer 80 , the third expansion unit 73 , and the gas / liquid 
separator 60 . 
[ 0203 ] On the other hand , among the BOG cooled by the 
multistream heat exchanger 30a , the remaining BOG ( Flow 
al ) excluding the BOG supplied to the vaporizer 80 is 
supplied to the multistream expansion unit 71a to be sub 
jected to expansion thereby and is then supplied again to the 
multistream heat exchanger 30a . Here , the BOG supplied to 
the multistream heat exchanger 30a is subjected to second 
ary heat exchange . 
[ 0204 ] That is , the BOG ( Flow al ) supplied to the mul 
tistream heat exchanger 30a through the multistream expan 
sion unit 71a has a relatively low temperature to cool the 
BOG ( Flow a ) supplied from the compressor 20 to the 
multistream heat exchanger 30a through heat exchange with 
the BOG ( Flow a ) supplied from the compressor 20 to the 
multistream heat exchanger 30a . 
[ 0205 ] That is , the BOG ( Flow a ) supplied from the 
compressor 20 to the multistream heat exchanger 30a is 
cooled ( primary heat exchange ) by the BOG supplied from 
the storage tank 10 to the multistream heat exchanger 30a 
and is cooled ( secondary heat exchange ) by the BOG ( Flow 
al ) expanded by the multistream expansion unit 71a . 
[ 0206 ] Here , when the temperature of the BOG supplied to 
the multistream heat exchanger 30a through the multistream 
expansion unit 71a is lower than the BOG supplied from the 
storage tank 10 to the multistream heat exchanger 30a , the 
BOG supplied from the compressor 20 to the multistream 
heat exchanger 30a can be cooled through sequential heat 
exchange of primary and second heat exchange in order to 
secure efficient cooling in the multistream heat exchanger 

[ 0210 ] According to this exemplary embodiment , the heat 
exchange unit 100 further includes the second expansion 
unit 72 and the second intermediate cooler 42 . 
[ 0211 ] In this exemplary embodiment , a line to which the 
storage tank 10 , the multistage compressor 20 , the heat 
exchange unit 100 , the third expansion unit 73 , and the 
gas / liquid separator 60 are provided will be referred to as a 
“ reliquefaction line ” , and provide a path through which the 
BOG discharged from the storage tank 10 is reliquefied and 
returned in a liquid phase to the storage tank 10 . 
( 0212 ] As in the sixth exemplary embodiment , the storage 
tank 10 according to this exemplary embodiment stores 
liquefied gas , such as ethane , ethylene , and the like , and 
discharges BOG , which is generated through vaporization of 
the liquefied gas by heat transferred from the outside , when 
the internal pressure of the storage tank 10 exceeds a 
predetermined pressure . 
[ 0213 ] In addition , as in the sixth exemplary embodiment , 
the BOG discharged from the storage tank 10 passes through 
the heat exchanger 30 and is compressed by the multistage 
compressor 20a , 206 , 20c , 20d , and a plurality of coolers 
21a , 216 , 21c , 21d may be disposed downstream of the 
plurality of compression stage parts of the multistage com 
pressor 20a , 205 , 20c , 20d , respectively , to decrease the 
temperature of the BOG , which is increased not only in 
pressure but also in temperature after passing through each 
of the compression stage parts 20a , 206 , 20c , 20d . 
[ 0214 ] As in the sixth exemplary embodiment , when the 
multistage compressor 20 is a four - stage compressor includ 
ing four compression stage parts , the multistage compressor 
20 includes a first compression stage part 20a , a second 
compression stage part 20b , a third compression stage part 
20c , and a fourth compression stage part 20d , which are 
arranged in series to sequentially compress . The BOG 
downstream of the first compression stage part 20a may 
have a pressure of 2 bar to 5 bar , for example , 3 . 5 bar , and 
the BOG downstream of the second compression stage part 
20b may have a pressure of 10 bar to 15 bar , for example , 
12 bar . In addition , the BOG downstream of the third 
compression stage part 20c may have a pressure of 25 bar to 
35 bar , for example , 30 . 5 bar , and the BOG downstream of 
the fourth compression stage part 20d may have a pressure 
of 75 bar to 90 bar , for example , 83 . 5 bar . 
[ 0215 ] According to this exemplary embodiment , the heat 
exchanger 30 cools the BOG ( hereinafter referred to as 
“ Flow a ” ) compressed by the multistage compressor 20a , 
206 , 20c , 20d through heat exchange between the BOG 
compressed by the multistage compressor 20a , 206 , 20c , 
20d and the BOG discharged from the storage tank 10 . That 
is , the BOG ( Flow a ) compressed to a high pressure by the 
multistage compressor 20a , 205 , 20c , 20d is decreased in 
temperature by the heat exchanger 30 using the BOG 
discharged from the storage tank 10 as a refrigerant . 
0216 ] . According to this exemplary embodiment , the first 
expansion unit 71 is disposed on a bypass line branched off 
from a line through which the BOG is supplied from the heat 
exchanger 30 to the first intermediate cooler 41 , and expands 
some of the BOG ( hereinafter referred to as “ Flow al ” ) 
compressed by the multistage compressor 20a , 206 , 200 , 
20d and having passed through the heat exchanger 30 . The 
first expansion unit 71 may be an expansion valve or an 
expander . 
f0217 ] As in the sixth exemplary embodiment , some BOG 
( Flow al ) compressed by the multistage compressor 20a , 

30a . 
[ 0207 ] FIG . 8 is a schematic diagram of a BOG relique 
faction apparatus for ships according to an eighth exemplary 
embodiment of the present invention . 
[ 0208 ] The BOG reliquefaction apparatus for ships 
according to the eighth exemplary embodiment shown in 
FIG . 8 is distinguished from the BOG reliquefaction appa 
ratus for ships according to the sixth exemplary embodiment 
shown in FIG . 6 in that the BOG reliquefaction apparatus for 
ships according to the eighth exemplary embodiment further 
includes a second intermediate cooler 42 and a second 
expansion unit 72 , and the following description will focus 
on the different features of the eighth exemplary embodi 
ment . Detailed descriptions of the same components and 
functions as those of the BOG reliquefaction apparatus for 
ships according to the sixth exemplary embodiment will be 
omitted . 
[ 0209 ] Referring to FIG . 8 , as in the sixth exemplary 
embodiment , the BOG reliquefaction apparatus for ships 
according to the eighth exemplary embodiment includes : a 
storage tank 10 ; a multistage compressor 20 ; a heat 
exchange unit 100 ; a third expansion unit 73 ; and a gas / 
liquid separator 60 , in which the heat exchange unit 100 
includes a heat exchanger 30 , a first expansion unit 71 and 
a first intermediate cooler 41 , and may further include a 
vaporizer 70 . The reliquefaction apparatus for ships accord 
ing to this exemplary embodiment further includes a fuel 
tank 2 supplying liquefied gas fuel to the vaporizer 70 and 
a fuel demand site 2 receiving the liquefied gas fuel having 
passed through the vaporizer 70 . 
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206 , 20c , 20d and having passed through the heat exchanger 
30 is expanded to a lower temperature and pressure by the 
first expansion unit 71 . The BOG ( Flow al ) having passed 
through the first expansion unit 71 is supplied to the first 
intermediate cooler 41 to be used as a refrigerant for 
decreasing the temperature of the other BOG ( hereinafter 
referred to as “ Flow a2 ” ) compressed by the multistage 
compressor 20a , 206 , 20c , 20d and having passed through 
the heat exchanger 30 . 
[ 0218 ] That is , some of the BOG supplied from the heat 
exchanger 30 to the first intermediate cooler 41 passes 
through the first expansion unit 71 disposed on the bypass 
line , and the remaining BOG is supplied to the first inter 
mediate cooler 41 through the reliquefaction line . 
[ 0219 ] According to this exemplary embodiment , the first 
intermediate cooler 41 decreases the temperature of the 
BOG ( Flow a2 ) having passed through the multistage com 
pressor 20a , 206 , 20c , 20d and the heat exchanger 30 
through heat exchange between some of the BOG ( Flow a2 ) 
compressed by the multistage compressor 20a , 206 , 200 , 
20d and having passed through the heat exchanger 30 and 
the BOG ( Flow al ) expanded by the first expansion unit 71 . 
[ 0220 ] In addition , as in the sixth exemplary embodiment , 
when the reliquefaction apparatus according to this exem 
plary embodiment is provided to a marine structure adapted 
to employ liquefied gas as fuel , the vaporizer 80 may be 
disposed between the first intermediate cooler 41 and the 
third expansion unit 73 . The vaporizer 80 is adapted to 
supply liquefied gas from the fuel tank 3 storing the liquefied 
gas as fuel to the fuel demand site 2 such as an engine after 
vaporization of the liquefied gas . The vaporizer 80 vaporizes 
the liquefied gas supplied from the fuel tank 3 to the fuel 
demand site 2 through heat exchange between the BOG 
( Flow a2 ) supplied from the intermediate cooler 41 to the 
third expansion unit 73 and the liquefied gas supplied from 
the fuel tank 3 to the fuel demand site 2 . 
[ 0221 ] The liquefied gas fuel vaporized by the BOG in the 
vaporizer 80 may be supplied to the fuel demand site 2 , for 
example , an ME - GI engine in a ship . 
[ 0222 ] The fuel tank 3 may be provided in plural and the 
fuel supplied from the fuel tank 3 to the vaporizer 80 may 
be selected from the group consisting of ethane , ethylene , 
propylene , and LPG ( liquefied petroleum gas ) . Thus , when 
the fuel tank 3 is provided in plural , the kinds of fuels stored 
in the fuel tanks 3 may be the same or different . Further , the 
kinds of fuels stored in some fuel tanks 3 may be the same 
and the kinds of fuels stored in the other fuel tanks 3 may be 
different . 
[ 0223 ] Unlike the sixth exemplary embodiment , according 
to this exemplary embodiment , among the BOG ( Flow a2 ) 
decreased in temperature while vaporizing the liquefied gas 
fuel supplied from the fuel tank 3 in the vaporizer 80 , some 
BOG ( Flow a21 ) is supplied to the second expansion unit 72 
through a second bypass line branched off from the reliq 
uefaction line , and the other BOG ( Flow a22 ) is supplied to 
the second intermediate cooler 42 through the reliquefaction 
line . The BOG ( Flow a21 ) supplied to the second expansion 
unit 72 is expanded to a lower temperature and pressure and 
is then supplied to the second intermediate cooler 42 , and the 
BOG ( Flow a22 ) supplied to the second intermediate cooler 
42 through the first intermediate cooler 41 and the vaporizer 
80 is decreased in temperature through heat exchange with 
the BOG ( Flow a21 ) having passed through the second 
expansion unit 72 . 

[ 0224 ] The BOG ( Flow a22 ) decreased in temperature by 
the first intermediate cooler 41 , the vaporizer 80 and the 
second intermediate cooler 42 after passing through the 
multistage compressor 20a , 206 , 20c , 20d and the heat 
exchanger 30 is supplied to the gas / liquid separator 60 
through the third expansion unit 73 , and each of the BOG 
( Flow al ) supplied to the first intermediate cooler 41 
through the first expansion unit 71 and the BOG ( Flow a21 ) 
having passed through the second expansion unit 72 and the 
second intermediate cooler 42 is separately supplied to one 
of the plurality of compression stage parts 20a , 205 , 200 , 
20d through a first compression stage part supply line 
connecting the first intermediate cooler 41 to the multistage 
compressor 20 or a second compression stage part supply 
line connecting the second intermediate cooler 42 to the 
multistage compressor 20 . 
[ 0225 ] Here , the BOG ( Flow al ) having passed through 
the first expansion unit 71 and the first intermediate cooler 
41 is supplied to a compression stage part disposed farther 
downstream than the compression stage part to which the 
BOG ( Flow a21 ) having passed through the second expan 
sion unit 72 and the second intermediate cooler 42 is 
supplied . 
[ 0226 ] This is because decompression of the BOG occurs 
more significantly in the second expansion unit 72 than in 
the first expansion unit 71 in order to allow the BOG cooled 
while passing through the first intermediate cooler 41 and 
the vaporizer 80 to be further cooled by the second inter 
mediate cooler 42 . Accordingly , among the plurality of 
compression stage parts 20a , 206 , 20c , 20d in the multistage 
compressor 20 , the BOG ( Flow a21 ) having passed through 
the second expansion unit 72 and the second intermediate 
cooler 42 is supplied to a compression stage part disposed 
farther upstream than the compression stage part to which 
the BOG ( Flow a21 ) having passed through the first expan 
sion unit 71 and the first intermediate cooler 41 is supplied , 
thereby enabling greater compression . 
[ 0227 ] For example , when the compressor 20 is a four 
stage compressor , the BOG ( Flow al ) having passed through 
the first expansion unit 71 and the first intermediate cooler 
41 may be supplied to downstream of the second compres 
sion stage part 20b , or the third compression stage part 20c , 
and the BOG ( Flow a21 ) having passed through the second 
expansion unit 72 and the second intermediate cooler 42 
may be supplied downstream of the first compression stage 
part 20a . 
[ 0228 ] That is , the BOG ( Flow al ) having passed through 
the first expansion unit 71 and the first intermediate cooler 
41 and the BOG ( Flow a21 ) having passed through the 
second expansion unit 72 and the second intermediate cooler 
42 is merged with BOG having a similar pressure thereto 
among BOG subjected to multiple stages of compression 
through the multistage compressor 20a , 206 , 20c , 20d and is 
then compressed thereby . 
[ 0229 ] On the other hand , since the BOG expanded by the 
first expansion unit 71 and the second expansion unit 72 is 
used as a refrigerant for cooling the BOG in the first 
intermediate cooler 41 and the second intermediate cooler 
42 , the amounts of the BOG to be supplied to the first 
intermediate cooler 41 and the second intermediate cooler 
42 may be adjusted depending upon the degree of cooling 
the BOG in the first intermediate cooler 41 and the second 
intermediate cooler 42 . Here , the BOG compressed by the 
multistage compressor 20a , 206 , 20c , 20d and having passed 
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through the heat exchanger 30 is divided into two flows to 
be supplied to the first expansion unit 71 and the first 
intermediate cooler 41 , respectively . Thus , the ratio of BOG 
to be supplied to the first expansion unit 71 is increased in 
order to cool the BOG to a lower temperature in the first 
intermediate cooler 41 and is decreased in order to cool a 
smaller amount of BOG in the first intermediate cooler 41 . 
[ 0230 ] Like the BOG supplied from the heat exchanger 30 
to the first intermediate cooler 41 , when the BOG is supplied 
from the first intermediate cooler 41 to the second interme 
diate cooler 42 , the ratio of BOG to be supplied to the second 
expansion unit 72 is increased in order to cool the BOG to 
a lower temperature in the second intermediate cooler 42 
and the ratio of BOG to be supplied to the second expansion 
unit 72 is decreased in order to cool a smaller amount of 
BOG in the second intermediate cooler 42 . 
[ 0231 ] In this exemplary embodiment , the reliquefaction 
apparatus includes two intermediate coolers 41 , 42 and two 
expansion units 71 , 72 disposed upstream of the intermedi 
ate coolers 41 , 42 , respectively . However , it should be noted 
that the number of intermediate coolers and the number of 
expansion units disposed upstream of the intermediate cool 
ers can be changed , as needed . In addition , the intermediate 
coolers 41 , 42 according to this exemplary embodiment may 
be intermediate coolers for ships , as shown in FIG . 1 , or may 
be typical heat exchangers . 
[ 0232 ] As in the sixth exemplary embodiment , the BOG 
subjected to heat exchange with the BOG having passed 
through the second expansion unit 72 in the second inter 
mediate cooler 42 is partially reliquefied through expansion 
to about normal pressure and a lower temperature by the 
third expansion unit 73 . The BOG having passed through the 
third expansion unit 73 is supplied to the gas / liquid separator 
60 , in which the BOG is separated into reliquefied BOG and 
gaseous BOG . 
[ 0233 ] According to this exemplary embodiment , the gas / 
liquid separator 60 separates the BOG , which has been 
subjected to partial reliquefaction while passing through the 
third expansion unit 73 , into reliquefied BOG and gaseous 
BOG . The gaseous BOG separated by the gas / liquid sepa 
rator 60 is supplied upstream of the heat exchanger 30 to be 
subjected to reliquefaction together with the BOG dis 
charged from the storage tank 10 , and the reliquefied BOG 
separated by the gas / liquid separator 60 is returned back to 
the storage tank 10 . 
[ 0234 ] Although FIG . 8 shows that the gaseous BOG 
separated by the gas / liquid separator 60 is supplied upstream 
of the heat exchanger 30 and the reliquefied BOG separated 
by the gas / liquid separator 60 is returned back to the storage 
tank 10 , it should be understood that all of the BOG having 
passed through the gas / liquid separator 60 can be returned to 
the storage tank 10 as in the second exemplary embodiment ; 
both the gaseous BOG and the reliquefied BOG separated by 
the gas / liquid separator 60 can be recovered by the storage 
tank 10 through different lines , respectively , as in the third 
exemplary embodiment ; both the gaseous BOG and the 
reliquefied BOG separated by the gas / liquid separator 60 can 
be supplied to the lower portion in the storage tank 10 
through different lines as in the fourth exemplary embodi 
ment ; or the BOG can be directly recovered by the storage 
tank 10 after expansion by the third expansion unit 73 
without passing through the gas / liquid separator 60 as in the 
fifth exemplary embodiment . 

[ 0235 ] In this exemplary embodiment , the reliquefaction 
apparatus includes two intermediate coolers 41 , 42 and two 
expansion units 71 , 72 disposed upstream of the intermedi 
ate coolers 41 , 42 , respectively . However , it should be noted 
that the number of intermediate coolers and the number of 
expansion units disposed upstream of the intermediate cool 
ers can be changed , as needed . In addition , the intermediate 
coolers 41 , 42 according to this exemplary embodiment may 
be intermediate coolers for ships , or may be typical heat 
exchangers . 
[ 0236 ] Next , the flow of the BOG in the BOG reliquefac 
tion apparatus for ships according to this exemplary embodi 
ment will be described hereinafter with reference to FIG . 8 . 
[ 0237 ] The BOG discharged from the storage tank 10 
passes through the heat exchanger 30 and is then com 
pressed by the multistage compressor 20a , 206 , 20c , 20d . 
The BOG compressed by the multistage compressor 20a , 
206 , 20c , 20d has a pressure of about 40 bar to 100 bar , or 
about 80 bar . The BOG compressed by the multistage 
compressor 20a , 206 , 20c , 20d has a supercritical fluid phase 
in which liquid and gas are not distinguished from each 
other . 
[ 0238 ] The BOG having passed through the multistage 
compressor 20a , 206 , 20c , 20d is kept in a supercritical fluid 
phase with a substantially similar pressure before the third 
expansion unit 73 while passing through the heat exchanger 
30 , the first intermediate cooler 41 , the vaporizer 80 and the 
second intermediate cooler 42 . Here , since the BOG having 
passed through the multistage compressor 20a , 206 , 200 , 
20d can undergo sequential decrease in temperature while 
passing through the heat exchanger 30 , the first intermediate 
cooler 41 , the vaporizer 80 and the second intermediate 
cooler 42 , and can undergo sequential decrease in pressure 
depending upon an application method of processes while 
passing through the heat exchanger 30 , the first intermediate 
cooler 41 , the vaporizer 80 and the second intermediate 
cooler 42 , the BOG may be in a gas / liquid mixed phase or 
in a liquid phase before the third expansion unit 73 while 
passing through the heat exchanger 30 , the first intermediate 
cooler 41 , the vaporizer 80 and the second intermediate 
cooler 42 . 
[ 0239 ] The BOG having passed through the multistage 
compressor 20a , 206 , 200 , 20d is supplied again to the heat 
exchanger 30 to be subjected to heat exchange with the BOG 
discharged from the storage tank 10 . The BOG ( Flow a ) 
having passed through the multistage compressor 20a , 205 , 
20c , 20d and the heat exchanger 30 may have a temperature 
of about - 10° C . to 35º C . 
[ 0240 ] Among the BOG ( Flow a ) having passed through 
multistage compressor 20a , 206 , 200 , 20d and the heat 
exchanger 30 , some BOG ( Flow al ) is supplied to the first 
expansion unit 71 disposed on the bypass line and the other 
BOG ( Flow a2 ) is supplied to the first intermediate cooler 
41 . The BOG ( Flow al ) supplied to the first expansion unit 
71 is expanded to a lower temperature and pressure and is 
then supplied to the first intermediate cooler 41 , and the 
other BOG ( Flow a2 ) supplied to the first intermediate 
cooler 41 through the heat exchanger 30 is decreased in 
temperature through heat exchange with the BOG having 
passed through the first expansion unit 71 . 
[ 0241 ] The BOG ( Flow al ) branched off from the BOG 
having passed through the heat exchanger 30 and supplied to 
the first expansion unit 71 is expanded to a gas / liquid mixed 
phase by the first expansion unit 71 . The BOG expanded to 
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gas to be supplied to the fuel demand site , and the BOG 
cooled in the vaporizer is further cooled in the second 
intermediate cooler 42 . 
102471 . It will be apparent to those skilled in the art that the 
present invention is not limited to the embodiments 
described above and various modifications , changes , altera 
tions , and equivalent embodiments can be made without 
departing from the spirit and scope of the present invention . 

the gas / liquid mixed phase by the first expansion unit 71 is 
converted into a gas phase through heat exchange in the first 
intermediate cooler 41 . 
[ 0242 ] The BOG ( Flow a2 ) obtained in the first interme 
diate cooler 41 through heat exchange with the BOG having 
passed through the first expansion unit 71 is supplied to the 
vaporizer 80 , in which the BOG is cooled while vaporizing 
the liquefied gas fuel . Then , some BOG ( Flow a21 ) is 
supplied to the second expansion unit 72 and the other BOG 
( Flow a22 ) is supplied to the second intermediate cooler 42 . 
The BOG ( Flow a21 ) supplied to the second expansion unit 
72 is expanded to decrease the temperature and pressure 
thereof and is then supplied to the second intermediate 
cooler 42 , and the BOG ( Flow a22 ) supplied to the second 
intermediate cooler 42 through the first intermediate cooler 
41 is decreased in temperature through heat exchange with 
the BOG having passed through the second expansion unit 
72 . 
[ 0243 ] Like the BOG ( Flow al ) supplied to the first 
expansion unit 71 through the heat exchanger 30 , some BOG 
( Flow a21 ) supplied to the second expansion unit 72 through 
the first intermediate cooler 41 and the vaporizer 80 may be 
expanded to a gas / liquid mixed phase by the second expan 
sion unit 72 . The BOG expanded to the gas / liquid mixed 
phase by the second expansion unit 72 is changed to a gas 
phase through heat exchange in the second intermediate 
cooler 42 . 
[ 0244 ] The BOG ( Flow a22 ) subjected to heat exchange 
with the BOG having passed through the second expansion 
unit 72 in the second intermediate cooler 42 is partially 
reliquefied through expansion to about normal pressure and 
a lower temperature by the third expansion unit 73 . The 
BOG having passed through the third expansion unit 73 is 
supplied to the gas / liquid separator 60 , in which the BOG is 
separated into reliquefied BOG and gaseous BOG . The 
reliquefied BOG is supplied to the storage tank 10 and the 
gaseous BOG is supplied to the heat exchanger 30 or the 
storage tank 10 . 
[ 0245 ] FIG . 9 is a schematic diagram of a BOG relique - 
faction apparatus for ships according to a ninth exemplary 
embodiment of the present invention . The ninth exemplary 
embodiment shown in FIG . 9 is a modification of the sixth 
exemplary embodiment shown in FIG . 6 and the eighth 
exemplary embodiment shown in FIG . 8 . Herein , detailed 
descriptions of the same components as those of the BOG 
reliquefaction apparatus for ships according to the sixth and 
eighth exemplary embodiments will be omitted . 
[ 0246 ] In the BOG reliquefaction apparatus for ships 
according to the sixth exemplary embodiment shown in FIG . 
6 , the BOG supplied to the vaporizer 80 through the heat 
exchanger 30 is further cooled in the first intermediate 
cooler 41 and is then supplied to the vaporizer 80 , and in the 
BOG reliquefaction apparatus for ships according to the 
eighth exemplary embodiment shown in FIG . 8 , the BOG 
cooled while passing through the heat exchanger 30 is 
further cooled in the first intermediate cooler 41 , further 
cooled in the vaporizer 80 while vaporizing liquefied gas to 
be supplied to the fuel demand site , and further cooled in the 
second intermediate cooler 42 after passing through the 
vaporizer 80 . On the other hand , in the BOG reliquefaction 
apparatus for ships according to the ninth exemplary 
embodiment shown in FIG . 9 , the BOG having passed 
through the heat exchanger 30 is supplied to the vaporizer 
80 , in which the BOG is cooled while vaporizing liquefied 

1 - 15 . ( canceled ) 
16 . A BOG reliquefaction apparatus for ships for trans 

portation of liquefied gas , the BOG reliquefaction apparatus 
comprising : 

a multistage compressor comprising a plurality of com 
pression stage parts and compressing BOG discharged 
from a storage tank storing liquefied gas ; 

a heat exchange unit reliquefying the BOG compressed by 
the multistage compressor by cooling the BOG com 
pressed by the multistage compressor through heat 
exchange ; and 

a third expansion unit decompressing the BOG reliquefied 
by the heat exchange unit , 

wherein the heat exchange unit comprises : 
a heat exchanger cooling the BOG compressed by the 
multistage compressor through heat exchange 
between the BOG compressed by the multistage 
compressor and the BOG supplied from the storage 
tank to the multistage compressor and not subjected 
to compression ; and ; 

an intermediate cooler expanding some of the com 
pressed BOG while cooling the remaining com 
pressed BOG through heat exchange between the 
expanded BOG and the remaining compressed BOG . 

17 . The BOG reliquefaction apparatus for ships according 
to claim 16 , wherein the heat exchange unit comprises a 
vaporizer vaporizing liquefied gas to be supplied as fuel to 
a fuel demand site in the ship while cooling the compressed 
BOG through heat exchange between the compressed BOG 
and the liquefied gas to be supplied as fuel . 

18 . The BOG reliquefaction apparatus for ships according 
to claim 16 , wherein the heat exchange unit comprises heat 
exchanger , at least one of one or more intermediate coolers 
and the vaporizer to cool the compressed BOG through at 
least two stages . 

19 . The BOG reliquefaction apparatus for ships according 
to claim 16 , wherein the expanded BOG discharged from the 
intermediate cooler after heat exchange is returned upstream 
of one of the plurality of compression stage parts of the 
multistage compressor . 

20 . The BOG reliquefaction apparatus for ships according 
to claim 19 , wherein when the BOG reliquefaction apparatus 
includes one or more intermediate coolers , the one or more 
intermediate coolers are connected to each other in series 
and the expanded BOG used as a refrigerant for an inter 
mediate cooler disposed upstream among the intermediate 
coolers is supplied farther downstream among the compres 
sion stage parts of the multistage compressor than the 
expanded BOG used as a refrigerant for an intermediate 
cooler disposed downstream among the intermediate cool 
ers . 

21 . The BOG reliquefaction apparatus for ships according 
to claim 16 , wherein the heat exchange unit comprises : 
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a first expansion unit cooling some BOG branched off 
from the compressed BOG cooled by the heat 
exchanger by expanding some BOG branched off there 
from ; 

a first intermediate cooler cooling the compressed BOG 
through heat exchange between the expanded BOG 
cooled by the first expansion unit and the remaining 
compressed BOG not branched off to the first expan 
sion unit ; 

a second expansion unit cooling some BOG branched off 
from the BOG cooled by the first intermediate cooler 
by expanding some BOG branched off therefrom ; and 

a second intermediate cooler cooling the remaining BOG 
not branched off to the second expansion unit through 
heat exchange between the expanded BOG cooled by 
the second expansion unit and the remaining BOG not 
branched off to the second expansion unit , followed by 
supplying the remaining BOG to the third expansion 
unit . 

22 . The BOG reliquefaction apparatus for ships according 
to claim 16 , wherein the heat exchange unit comprises : 

a first expansion unit cooling some BOG branched off 
from the compressed BOG cooled by the heat 
exchanger by expanding some BOG branched off there 
from ; 

a first intermediate cooler cooling the compressed BOG 
through heat exchange between the expanded BOG 
cooled by the first expansion unit and the remaining 
compressed BOG not branched off to the first expan 
sion unit ; 

a vaporizer heating liquefied gas to be supplied as fuel to 
a fuel demand site in the ship while cooling the BOG 
cooled by the first intermediate cooler through heat 
exchange between the BOG cooled by the first inter 
mediate cooler and the liquefied gas to be supplied as 
fuel to the fuel demand site ; 

a second expansion unit cooling some BOG branched off 
from the BOG cooled by the vaporizer by expanding 
some BOG branched off therefrom ; and 

a second intermediate cooler cooling the remaining BOG 
not branched off to the second expansion unit through 
heat exchange between the expanded BOG cooled by 
the second expansion unit and the remaining BOG not 
branched off to the second expansion unit , 

wherein the BOG cooled by the second intermediate 
cooler is supplied to the third expansion unit and the 
liquefied gas heated by the vaporizer is supplied to the 
fuel demand site in the ship . 

23 . The BOG reliquefaction apparatus for ships according 
to claim 16 , wherein the heat exchange unit comprises : 

a multistream heat exchanger in which the heat exchanger 
is integrated with the intermediate cooler ; and 

a multistream expansion unit cooling some BOG 
branched off from the compressed BOG to be supplied 
to the multistream heat exchanger by expanding some 
BOG branched off therefrom , 

wherein , in the multistream heat exchanger , the com 
pressed BOG is cooled by the BOG not subjected to 
compression and the expanded BOG through heat 
exchange between the BOG not subjected to compres 
sion , the compressed BOG , and the expanded BOG 
cooled by the multistream expansion unit . 

24 . The BOG reliquefaction apparatus for ships according 
to claim 23 , wherein the heat exchange unit further com 

prises a vaporizer cooling the BOG cooled by the mul 
tistream heat exchanger through heat exchange between the 
BOG cooled by the multistream heat exchanger and lique 
fied gas to be supplied as fuel to a fuel demand site in the 
ship , 

wherein the BOG cooled by the vaporizer is supplied to 
the third expansion unit and the liquefied gas heated by 
the vaporizer is supplied to the fuel demand site in the 
ship . 

25 . The BOG reliquefaction apparatus for ships according 
to claim 16 , wherein the heat exchange unit comprises : 

a vaporizer heating liquefied gas to be supplied as fuel to 
a fuel demand site in the ship while cooling the BOG 
cooled by the heat exchanger through heat exchange 
between the BOG cooled by the heat exchanger and the 
liquefied gas to be supplied as fuel to the fuel demand 
site ; 

a second expansion unit cooling some BOG branched off 
from the compressed BOG cooled by the vaporizer by 
expanding some BOG branched off therefrom ; and 

a second intermediate cooler cooling the compressed 
BOG through heat exchange between the expanded 
BOG cooled by the second expansion unit and the 
remaining compressed BOG not branched off to the 
second expansion unit , 

wherein the BOG cooled by second intermediate cooler is 
supplied to the third expansion unit and the liquefied 
gas heated by the vaporizer is supplied to the fuel 
demand site in the ship . 

26 . The BOG reliquefaction apparatus for ships according 
to claim 16 , further comprising : 

a gas / liquid separator separating BOG having passed 
through the third expansion unit into gaseous BOG and 
reliquefied BOG to supply the reliquefied BOG or the 
reliquefied BOG and the non - reliquefied gaseous BOG 
to the storage tank , or to supply the reliquefied BOG to 
the storage tank while recirculating the gaseous BOG to 
the multistage compressor . 

27 . A BOG reliquefaction method for ships for transpor 
tation of liquefied gas , comprising : 

compressing BOG discharged from a storage tank storing 
liquefied gas ; 

cooling the compressed BOG through multiple stages ; 
and 

decompressing reliquefied BOG generated by cooling the 
compressed BOG , 

wherein cooling the compressed BOG comprises : 
a heat exchange step in which the compressed BOG is 

cooled through heat exchange between the compressed 
BOG and BOG to be compressed ; and 

an intermediate heat exchange step in which some BOG 
is branched off from the compressed BOG cooled in the 
heat exchange step and is expanded and the remaining 
BOG not branched off from the compressed BOG is 
cooled through heat exchange between the expanded 
BOG and the remaining compressed BOG . 

28 . The BOG reliquefaction method for ships according to 
claim 27 , wherein cooling the compressed BOG comprises 
a vaporization step in which the compressed BOG is cooled 
and liquefied gas to be supplied as fuel to a fuel demand site 
in the ship is vaporized through heat exchange between the 
compressed BOG and the liquefied gas to be supplied as 
fuel . 
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29 . The BOG reliquefaction method for ships according to 
claim 27 , wherein cooling the compressed BOG comprises 
cooling the compressed BOG through multiple stages that 
comprise at least one of the heat exchange step , the inter 
mediate heat exchange step and the vaporization step , 

wherein the intermediate heat exchange step is performed 
at least once . 

30 . The BOG reliquefaction method according to claim 
29 , further comprising 

a gas / liquid separation step in which the decompressed 
BOG is separated into gaseous BOG and reliquefied 
BOG , 

wherein the reliquefied BOG separated by the gas / liquid 
separation step is returned back to the storage tank , and 
the gaseous BOG separated by the gas / liquid separation 
step is returned back to the storage tank or recirculated 
to the step of compressing BOG . 


