SYSTEM AND METHOD FOR DECREASING VOC IN CRUDE OIL TANKER TECHNICAL FIELD

- The present invention relates to a system and method for decreasing volatile organic compounds
(VOC) in a crude oil tanker, and more particularly, to a system and method for decreasing VOC in a
crude oil tanker, which occur while the crude oil tanker is loaded with crude oil. BACKGROUND ART
In general, crude oil is extracted from an oil field loaded into a crude oil tanker, and then transported to
a destination"sf 216Mg 4RBMNMETHOR FOR S b eiide §iPER CRIPEGHolATBEUBC occurs
while crude oil is loaded into a crude oil storage tank of the crude oil tanker from a crude oil storage
tank on land. In order to supply crude oil to the crude oil storage tank of the crude oil tanker from
the crude otL@ OIAGE gﬂkﬁﬂ- h@ land, a supply pipe is horizontally installed at an upper part of the
crude oil tanker, that Is, over the crude oil storage tank of the crude oil tanker. The supply pipe has an

e
end connected to-fiye ciude:oit starags tank.on land. dn.arder g Inag e grude ail, which is, supplied
from the crude oil storage tank on land through the supply pipe, into the crude oil storage tank of the
crude oil tafiiédfiq %&W%ﬁﬁéﬁé@fé}ﬁééﬂy%éﬂ&dﬁw%@% E‘@g@mf@wfﬁ@é‘)&dh’e upsFisipedThe load
pipe vertically:pessesdirusn thecsrugie, oihsleaoaiark afithe srddepilifanker.and sommynicates with
a lower part of the ¢rude oil storage tank of the crude oil tanker. Furthermore, in order to distribute the
crude oil, whidF i 1BAGEF Medlthe crude oil storage tank of the crude oil tanker through the load pipe,
into the crude oil storage tank of the crude oil tanker, a distribution pipe is installed at a lower end of
the load pige, i M¥hsHHhe givgle oil meets the vertical load pipe, that is, the upper end part of the
load pipe while horizontally supplied from the horizontal supply pipe, the crude oil suddenly falls down.

In this case, a flowncayitation may e taused dutheMPRELENSLRATAfithe iead RiRGLY: AR, SCessive

pressure drop which occurs while the flow rate of the crude oil increases. That is, when the static
pressure of ORISR fshiY Pipesiioarinlat IHaneHE9aper pressure of the flow, a flow cavitation

occurs. When the static pressure of the . .
In a coniventional crude oil tanker, a large amount of VOC occurs while crude oil is

loaded into a crude oil storage tank of the crude oil tanker from a crude oil storage tank on
land.

In order to supply crude oil to the crude oil storage tank of the crude oil tanker
from the crude oil storage tank on the land, a supply pipe is horizontally installed at an
upper part of the crude oil tanker, that is, over the crude oil storage tank of the crude oil
tanker. The supply pipe has an end connected to the crude oil storage tank on land. In
order to load the crude oil, which is supplied from the crude oil storage tank on land
through the supply pipe, into the crude oil storage tank of the crude oil tanker, a load pipe
is vertically connected to the bottom surface of the supply pipe. The load pipe vertically
passes through the crude oil storage tank of the crude oil tanker and communicates with a
lower part of the crude oil storage tank of the crude oil tanker. Furthermore, in order to
distribute the crude oil, which is loaded into the crude oil storage tank of the crude oil
tanker through the load pipe, into the crude oil storage tank of the crude oil tanker, a

distribution pipe is installed at a lower end of the load pipe.

When the crude oil meets the vertical load pipe, that is, the upper end part of the
load pipe while horizontally supplied from the horizontal supply pipe, the crude oil
suddenly falls down. In this case, a flow cavitation may be caused at the upper end part of
the load pipe by an excessive pressure drop which occurs while the flow rate of the crude
oil increases. That is, when the static pressure of flow inside the load pipe is smaller than

the vapor pressure of the flow, a flow cavitation occurs. When the static pressure of the



flow is smaller than saturation pressure, flow evaporation occurs. As a result, the crude oil evaporates
to generate VOC. ‘The VOC generated in such a manner are discharged to the air or sent back to
the crude oil storage tank on land When discharged to the air, the VOC may cause serious
environmental problems such as ozone layer damage. Furthermore, although the VOC are sent back
to the crude oil storage tank on land, the VOC should be treated. In this case, the facility and cost are
required ol G &tIFGAHE VoL BISEIQ SURETPERITRITIRDPROBLENS. As AncsHibsirmamiestithe _
present inveationissdi eeteghte egystem and method for decreasing VOC in a crude oil tanker, Whlch
is capable of preventing a flow cavitation from occurring at an upper end part of a crude oil load pipe.
TECHNICAL SOLWUE OB generated in such a manner are discharged to the air or sent back to the

crude oil storage tank on land.

When discharged to the air, the VOC may cause serious environmental problems
such as ozone layer damage. Furthermore, although the VOC are sent back to the crude
o1l storage tank on land, the VOC should be treated. In this case, the facility and cost are
required for treating the VOC.

DISCLOSURE
TECHNICAL PROBLEM

An embodiment of the present invention is directed to a system and method for
decreasing VOC in a crude oil tanker, which is capable of preventing a flow cavitation

from occurring at an upper end part of a crude oil load pipe.

TECHNICAL SOLUTION

According to an aspect of the present invention, a system for decreasing VOC in a
crude oil tanker includes: a supply pipe horizontally installed over a crude oil storage tank
of the crude oil tanker and having an end connected to a crude oil storage tank on land; a
load pipe vertically connected to a bottom surface of the supply pipe, vertically passing
through the crude oil storage tank of the crude oil tanker, and communicating with a lower
part of the crude oil storage tank; a distribution pipe horizontally connected to a lower end
of the load pipe; and a pressure control unit installed at a lower end portion of the load
pipe.

According to another aspect of the present invention, there is provided a method
for decreasing VOC in a crude oil tanker, including: supplying and loading crude oil into a
crude oi] storage tank of the crude oil tanker from a crude oil storage tank on land through
a supply pipe horizontally installed over the crude oil storage tank of the crude oil tanker
and having an end connected to the crude oil storage tank on land; a load pipe verticaliy
comnected to a bottom surface of the supply pipe, vertically passing through the crude oil
storage tank of the crude oil tanker, and communicating with a lower part of the crude oil

storage tank; and a distribution pipe horizontally connected to a lower end of the load pipe.
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According to an aspect of the present invention, a system for decreasing VOC in a crude oil tanker
includes- a supply pipe horizontally installed over a crude oil storage tank of the crude oil tanker and
having an end connected to a crude oil storage tank on land; a load pipe vertically connected to a
bottom surface of the supply pipe, vertically passing through the crude oil storage tank of the crude oil
tanker, and_communicating with a lower part of the crude oil storage tank; a distribution pipe
horizontally! 6FTEe it g%mmiﬁeoirsmm@aﬂqdi pedandiatpiressuwe/spntreleunitinstalled ala lower
end portionf theqlead pipe. Accordingto another aspect of the present invention, there is provided
a method for decreasing VOC in a crude oil tanker, including: supplying and loading crude oil into a
crude oil storage t PifePeriaecsneadktin shiferert denbiv dtmrage tefintheridaadithroughudisdpply
pipe horizothially ifisiatBeliovendheicruds,pi o] rude_oil tanker and havin end
connected éo the %rlud%e o'& stor?a#e tank on %a%\%%g%ii%p{eﬁgéﬁg%yag%nrr?g%?éd??oq%eb%%%wa}iﬁrface of
the supply pipe. &t |08If§} PAEESHG HrBtgitikatstde s strhedinrek ofahderuehoilcimiies, and

communicatthgrwittbadiowet palesotiapreosaeil stor g;aaggfgﬁgfw%%g%ﬁ§ﬂgizontalIy
connected to a lower end of the load pipe. Pressure inside the load pipe is controlle and-maintained
to vapor pressure of the crude oil or more. It should be understood that different embodiments of
the invention, including those described under different aspects of the invention, are meant to be
generally applicAdd R AESeBEER €ESnvention. Any embodiment may be combined with any other
embodiment unless inappropriate. All examples are illustrative and non-limiting. ADVANTAGEOUS
EFFECTS  AcCSaR o thibe rinbeminent. ¥ the presaritinveniion iherresstiasidside thedoad

pipe is congiphet aliineoitsiesiend pnawof the Birg.aNdMainial {he.yapor pressure of the
crude oil or more. Therefore, although the crulg?:)il horizonta@- u gﬁ?eég rlélr%na'I eteéoﬁgpritzggn‘{éipgﬁpply

A Pp
pipe suddenly talfs down AP gep nimere e dRigesdiprehitmerveetivhlontoplpBy thatiliedt the
upper end fsart dicthertuad:piperahd physstihriBew fate oftheswds il cAvilation does
not occur af the.lpper end Paertt%%he Iotaﬁé)i e. That is, when tﬁe stat%%%gigﬁie@roﬁ?lgﬁél e the
load pipe is Iarger%%an%%g vapor pressure o\s)]i’ﬁgr IR RE Baesdorirforadidre deadlawersdore,
since the ctlithe 6ildermit evapwestediatvhe: uppisnede:pat olhe 0aBEAIPEMACHR BPYRCHINBRIEF

DESCRIPHIQN @O THELRANINGR pressure of flow inside the load pipe is larger than the vapor

pressure of the flow, a flow cavitation does not occur. Therefore, since the crude oil is not

evaporated at the upper end part of the load pipe, VOC do not occur

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a system for decreasing VOC in a crude oil tanker

according to one embeodiment of the present invention.

BEST MODE FOR THE INVENTION

Exemplary embodiments of the present invention will be described below in more
detail with reference to the accompanying drawings. The present invention may, however,
be embodied in different forms and should not be constructed as limited to the
embodiments set forth herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully convey the scope of the present
imvention to those skilled in the art. Throughout the disclosure, like reference numerals

refer to like parts throughout the various figures and embodiments of the present invention.

FIG. 1 is a schematic view of a system for decreasing VOC in a crude il tanker



FIG. I is a schematic view of a system for decreasing VOC in a crude oil tanker according to one
embodiment of the present invention. BEST MODE FOR THE INVENTION Exemplary
embodiments of the present invention will be described below in more detail with reference to the
accompanying drawings. The present invention may, however, be embodied in different forms and
should not be constructed as limited to the embodiments set forth herein. Rather, these embodiments

are provide B i igisuBetsHHPh I RSB A¥I E8Mplete, and will fully convey the scope of
the present inventipon. to.thos illed in the art, Throughaqut the disclosure, like reference numerals
refer to like parts %ﬁ?%ﬂﬂﬁ%&?ﬁgvgﬂ%&% UrdE% d%&ﬂ%@ﬂﬁ@ﬁt?ﬁﬁﬁé}e ﬁ@@eﬁ}?ﬁwﬁﬁo‘#t G.lisa
schematic vieveafibtsystenhioidesreastngly OCsinagerude: dildtuhcarraiecoiidingto. ohe:emipddiment of
the present inventjon. Referring to FIG. 1, a supply pipe 2 is horizontally installed at an. er part
of the crudglgﬁ?]ariﬁgér?t %rtl(}i?%r\l/neer Pae%rﬁd% 8f| %Fo?ggg{ ?gaﬁ%el% b h()e}léﬁnciﬁe%(f aﬁliﬂ?érﬁmfl 3 (s)ﬁjp%rl)y pipe 2
has an endseppmettediocaisiude vitlstorage tankroddard-suatethakerudendil is supplied to the crude oil
tanker from the crude oil storage tank on land. Furthermore, a load pipe 3 is vertically connected to

the bottom surfac ‘$tipesippfy lease I2PT Relfodarphist 3 vertiediny paséeshniionysuriaceraddhstorage
tank 1 of the,spudeigil tankeranshcapimunicatas yikalowenRariaf theserude.storage fank.of the

crude oil tanker. The load pipe 3 is used to load the crude oil, which is supplied through the supply

pipe 2 fronftHEcPHdWHFEEHAGETHRRBIRIEN & Hhtd tReer e if Shsr SR Eai &5t tRechudetBa tanker.

crude oil tanker. The load pipe 3 is used to load the crude oil, which is supplied through
the supply pipe 2 from the crude oil storage tank on land, into the crude oil storage tank 1

of the crude o1l tanker.

Furthermore, a distribution pipe 4 is installed at the lower end of the load pipe 3.
The distribution pipe 4 is used to distribute the crude oil, which is loaded into the crude oil
storage tank 1 of the crude oil tanker through the load pipe 3, into the crude oil storage
tank I of the crude oil tanker, and the distribution pipe 4 includes a distribution valve 5

instatled thereon.

Furthermore, a pressure control valve 6 is installed inside a lower end part of the
load pipe 3. The pressure control valve 6 may include an anti-cavitation valve which may
be formed by combining a relief valve and a check valve, The anti-cavitation valve is
well-known in a valve-related technique field. Therefore, the detailed descriptions thereof

will be omitted.

The pressure control valve 6 is connected to a pressure transducer 7 for measuring
pressure at the upper end part of the load pipe 3. The pressure control valve 6 controls the
pressure inside the load pipe 3 based on the pressure at the upper end part of the load pipe
3, which is transmitted by the pressure transducer 7, and maintains the pressure to the

stream pressure of the crude oil or more.,

In this embodiment, the pressure inside the load pipe 3 is controlied at the lower
end part of the load pipe 3 and maintained to the vapor pressure of the crude oil or more.
Therefore, although the crude oil horizontally-supplied from the horizontal supply pipe 2
suddenly falls down at a portion where the crude oil meets the vertical load pipe 3, that is,
at the upper end part of the load pipe 3 and thus the flow rate of the crude oil increases, a
flow cavitation does not occur at the upper end part of the load pipe 3. That is, when the

static pressure of flow inside the load pipe 3 is larger than the vapor pressure of the flow, a
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Furthermore, a distribution pipe 4 is installed at the lower end of the load pipe 3. The distribution pipe 4
is used to distribute the crude oil, which is loaded into the crude oil storage tank 1 of the crude oil
tanker through the load pipe 3, into the crude oil storage tank 1 of the crude oil tanker, and the
distribution pipe 4 includes a distribution valve 5 installed thereon. Furthermore, a pressure control

valve 6 is installed inside a lower end part of the load pipe 3. The pressure control valve 6 may include
an anti-cavR&iHSAAITERHERSHSY BeCTErmEteEy esmBRfndghe reisfevailésaint & eheerishlvelhe

anti-cavitatigihvadye isswelf-HHawniipipevalvesielatadiechnique field. Therefore, the detailed
descriptions thereof will be omitted. The pressure control valve 6 is connected to a pressure

transducer 7 for mieaslarinig: pressuie iat Hhe sippek ebebpadotthedoad pipessecthe pressigegrntrol

valve 6 conél[n %&Er% rgssyre,ig ide the Ioa%d %i%e 3 bgsﬁd n the pressure at the upger end part of the
load pipe 3“WRICA TS Tramamitted by HE IS SUre FEnSHUREr 7, B aiPhiNE RS praglere #5%he
stream pressettgioftioe scnugdeboihordmern¢out dépahisembodiraeptithepressere ihside thedaad pipe 3
is controlle . r t of the load pipe 3 and maintained to the vapor pressure of the crude
oil or moreS%%ﬁggga@%%gﬁéﬁ%&rﬁde oil horizontally-supplied from the horizontal supply pipe 2
suddenly falls down at a portion where the crude oil meets the vertical load pipe 3, that is, at the upper
end part of the load pipe 3 and thus the flow rate of the crude oil increases, a flow cavitation does not
occur at the upper end part of the load pipe 3. That is, when the static pressure of flow inside the load
pipe 3 is larger than the vapor pressure of the flow, a flow cavitation does not occur. Therefore, since
the crude oil is not evaporated at the upper end part of the load pipe 3. VOC do not occur. While
the present invention has been described with respect to the specific embodiments, it will be apparent
to those skilled in the art that various changes and modifications may be made without departing from
the spirit and scope of the invention as defined in the following claims.



CLAIMS: 1. A system for decreasing volatile organic compoun_ds (VOC) in a crude oil tankt_-:'r, )
comprising: a supply pipe horizontally installed over a crude oll storag(_a tank o_f the crude oil tgn er
and having an end connected to a crude oil storage tank on land; a load pipe vertically connected to ql
bottom surface of the supply pipe, vertically passing through the crude oll storage ta}nk 01_‘ the crude oi
tanker, and communicating with a lower part of the crude oil storage tank; a dlstrl_bl_Jtlon pipe
horizontally%ﬁﬁ@%éd to a lower end of the load pipe; and a pressure control unit installed at a lower

' [ ' ' further comprising a pressure
end portion of the Joad pipe. 2. The system according to c!alm. 1, |
transducer measui'rng présSUTE R BN dppierdng YRiutte thegioad pippandls VS 6iting: thadeasisured

pressure toitheepressigigsgantrol unit.

a supply pipe horizontally installed over a crude oil storage tank of the crude oil
tanker and having an end connected 1o a crude oil storage tank on land;

a load pipe vertically connected to a bottom surface of the supply pipe, vertically
passing through the crude oil storage tank of the crude oil tanker, and communicating with
a lower part of the crude oil storage tank;

a distribution pipe horizontally connected to a lower end of the load pipe; and

apressure control unit installed at a lower end portion of the load pipe.

2. The system according to claim 1, further comprising a pressure transducer
measuring pressure at an upper end part of the load pipe and transmitting the measured

pressure to the pressure control unit,

3. The system according to claim 1 or 2, wherein the pressure control unit

comprises an anti-cavitation valve.,

4, A method for decreasing VOC in a crude oil tanker, comprising:

supplying and loading crude oil into a crude oil storage tank of the crude oii tanker
from a crude oil storage tank on land through a supply pipe horizontally installed over the
crude oil storage tank of the crude oil tanker and having an end connected to the crude oil
storage tank on land; a load pipe vertically connected to a bottom surface of the supply
pipe, vertically passing through the crude oil storage fank of the crude oil tanker, and
communicating with a lower part of the crude oil storage tank; and a distribution pipe
horizontally connected to a lower end of the load pipe,

wherein pressure inside the load pipe is controlled and maintained to vapor

pressure of the crude oil or more.

5. The method according to claim 4, wherein the pressure inside the load pipe

is controlled at a lower end part of the load pipe.

6. The method according to claim 4 or 5, wherein pressure at an upper end

part of the load pipe is measured, and the pressure inside the load p'ipe is controlled on the



3. The system according to claim 1 or 2, wherein the pressure control unit comprises an anti-cavitation
valve. 4. A method for decreasing VOC in a crude oil tanker, comprising: supplying and
loading crude oil into a crude oil storage tank of the crude oil tanker from a crude oil storage tank on
land through a supply pipe horizontally installed over the crude oil storage tank of the crude oil tanker
and having an end connected to the crude oil storage tank on land; a load pipe vertically connected to
a bottom s@?ﬁ@eoéﬁlﬁﬁél@@wwgmswtically passing through the crude oil storage tank of the crude
oil tanker, and communicating with a lower part of the crude oil storage tank; and a distribution pipe
horizontally connected to a lower end of the load pipe, wherein pressure inside the load pipe is
controlled and maintained to vapor pressure of the crude oil or more. 5. The method according to
claim 4, wherein the pressure inside the load pipe is controlled at a lower end part of the load pipe.

6. The method according to claim 4 or 5, wherein pressure at an upper end



part of the load pipe is measured, and the pressure inside the load pipe is controlled on the basis of
the measured pressure. SYSTEM AND METHOD FOR DECREASING VOC IN CRUDE OIL TANKER
ABSTRACT - A system for decreasing volatile organic compounds (VOC) in a crude oil tanker
includes: a supply pipe horizontally installed over a crude oil storage tank of the crude oil tanker and
having an end_connected to a crude ail storagge rank on land; a toaﬁﬁp}ég)e vertically connected to a

bottom surface! STith& sOPIR e gk v Jak &g thed g tHe e A& BRI S4B 13- OKHHR crude oil

tanker, and communicating with a lower part of the crude oil storage tank; a distribution pipe
horizontally connected to a lower end of the load pipe; and a pressure control unit installed at a lower
end portion of the load pipe. Fig. 1 ABSTRACT

A system for decreasing volatile organic compounds (VOC) in a crude il tanker
includes: a supply pipe horizontally installed over a crude oil storage tank of the crude oil
tanker and having an end connected to a crude oil storage tank on land; a load pipe
vertically connected to a botiom surface of the supply pipe, vertically passing through the
crude oil storage tank of the crude oil tanker, and communicating with a lower part of the
crude oil storage tank; a distribution pipe horizontally connected to a lower end of the load

pipe; and a pressure control unit instalied at a lower end portion of the load pipe.

Fig.1



