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MOVEMENTS OF LI QUI D CONTENTS The present invention relates to a
device for attenuating novenents of the ti qui d contents of
S5reservoirs of bulk carrier or bulk stor age shi ps. The
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2 polygonal cross-section, and in particular that are

20 substantially rectangular block shaped, such tanks being
thoroughly thermally insulated so as to limit evaporation
of the gas and so as to keep the steel of the structure
of the ship at an acceptable temperature. The ships
generally sail either fully laden (85% to 95% full), or

25 with a small amount of gas remaining at the bottom of
each tank (3% to 10% remaining) so as to keep the
reservoirs and the insulating systems cold continuously
so that the tanks can be loaded more rapidly, thereby
avoiding the need for progressive cooling that is slow

30 and time-consuming in terms of operating time.

At sea, the contents of the tanks are subjected to
breaking wave effects called sloshing which can appear
and become very violent inside the tank, in particular
when the contents slosh against the vertical walls of the

35 tank, and in particular also when they slosh against the
trihedral corner formed by the junction between two

vertical walls and the ceiling or the floor of said tank.



Such sloshing is particularly sensitive to the fact that such Iiquids
have viscosities |l ess than the viscosity of water. Such sl oshing can
al so appear in anchored nethane 5 tanker 2ships or in anchored storage
shi ps known as "Floating Production, Storage & Ofloadi ng" (FPSO
units when in choppy or even near-cal msea conditions, when the
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liquid state, i.e. liquefied natural 8 he gaseous state
is referred ?%ﬂ%%tl%%¥hah%t bF IYARED %Yn%?m%%és only atTﬁe¥ﬁ|s end,
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carrying or g&g{inge ﬁgl perlod / angle of incidence / ballasting

20 of the ship / etc.) becoming potentially dangerous with a
particular tank filling depth.

The principle of protecting harbor installations or
the ghore with air bubble curtains is known, such
curtains significantly attenuating incident swell.

25 Studies into bubble curtains date back a long time, and
much has been published on the subject, in particular in
the publication entitled "La houle et son action sur les
cOtes et les ouvrages cbtiers" ["Swell and its action on
coasts and on coastal engineering structures"] by the

30 Russian author P.K. Bojitch.

Thus, an object of the present invention is to
attenuate, or indeed to prevent, appearance of sloshing
in tanks of ships for carrying or storing liquefied gas,
in particular liquid methane or LNG. In the description

35 below, the term "LNG" is used to define methane in the

ligquid state, i.e. liquefied natural gas, while the
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+ Bincluding a large tank, said liquid consisting of a |liquefied gas,
preferably chosen from net hane, ethyl ene, propane, and butane, cool ed
in said large tank, said | arge tank havi%g its length disposed in the
| ongi tudinal direction XX of the ship and being preferably
10cylindrical and of cross-section that is at |east in part pol ygonal
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20 movements of gald ligquid and comprising movement means

for moving said liquefied gas ligquid inside said

regservolr so as to form a horizontal stream immediately

below the free surface of said liquefied gas at least

locally over a depth of at least 0.5 m, and preferably at
25 least 2 m.

In a particular embodiment, said movement means for
moving said liquefied gas liquid inside said reservoir
generate a movement of said liquefied gas in a direction
that is not parallel to said longitudinal axial direction

30 of the tank, and preferably in a transverse direction YY'
that is perpendicular to said longitudinal axial
direction XX' of the tank.

It can be understood that, with said liquefied gas
being directed in this way, its movement makes it

35 possible to form a said horizontal stream below the free
surface of said liquefied gas in a direction that is not

parallel to the longitudinal axial direction of the tank,



10Sai d novenent neans for noving said liquid so as to forma

hori zontal streamimedi ately bel ow the surface nay conpri se:

- direct novenent neans acting by punping and ejecting said |iquefied
gas in the liquid state and under 15pressure into said tank, or by
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liquid or gaseshsafheidzbst &l estedadi 1@etlyat 81y hBehoKki 208t ghirface
direction; or 5 . usi ng ej ection nozzles disposed at distances
further away™#¥on?THe Surface, but oriented so that the liquid or
gaseous fluid is didectéed npwandst tosandsathenguby acenppnef endbly in
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and t husShorpromsareyinto| sastd oaek, acteby anatdr stahvenppsspsl yer
before UDViP?r@?M@s@&ﬁiinQaﬁddPﬁgw@fgeét§§§”1n|Ehéhﬁiﬁﬁi&i§£aHQ“@£Qo
streamis situa ed at a certain distance
said tank; and/or
indirect movement means acting by reacting to
generation of a gaseous stream in the liquid of said
20 tank, namely gaseous fluid injection means for injecting
gaseous fluid into said liquefied gas, or gaseous stream
generation means for generating a gaseous stream of gas
corresponding to said ligquefied gas by heating and
evaporating said liquid gas, in particular by heating a
25 resistor by Joule effect or by heating by means of a heat
carrier fluid flowing in a pipe.

It can be understood that the liguid is moved in the
reservoir or the fluid is injected into the liquid of the
reservoir at flow rates and pressures sufficient to form

30 a said horizontal stream.

In both cases, a horizontal stream of said ligquid
just below the surface can be generated in the following
two different manners:

using ejection nozzles disposed immediately below
35 the surface and oriented so that the liquid or gaseous

fluid is ejected directly in the horizontal direction; or



< 10fromthe vertical side walls of the reservoir, and preferably about
m dway between the two side walls, it can split into two streans in
two horizontal and opposite directions, ?.e. on either side of the
upward stream Conversely, if the upward flowis generated in the
15vicinity of the vertical wall it is deflected below the surface in
a single directionusgwer ¢ adve aremazdl eforikl afossdl it ghletances A
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corr espondi ng itQ Aihe,fas-Ofssaity ligusfded gascantained i i sal thdank
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tank or preventjng them from appearing.
said tank.
A said horizontal stream is formed at least locally,
i.e. over the entire length of the tank, e.g. in a

20 transverse direction perpendicular to vertical
longitudinal side walls of the tank and/or at the corners
only, the various streams being oriented towards a
vertical axis half-way along the length of the tank,
along its middle longitudinal axis XX'.

25 More particularly, said movement means for moving
said liquid are fluid ejection means for ejecting fluid,
said fluid in liquid or in gaseous form being chosen from
a liquid fluid consisting of said liquefied gas, and
preferably LNG, or a gaseous fluid comprising an inert

30 gas and preferably nitrogen, or a gas corresponding to
the gas of said liquefied gas contained in said tank but
in the gaseous state, or a mixture of said inert gas and
of said gas in the gaseous state corresponding to the gas
of said liquefied gas.

35 It can be understood that the ligquid ejection takes
place by sucking in said liquid and by delivering it

under pressure into said tank by means of a pump. In an



The stream of calmng fluid can either be horizontal 10or,
preferably, vertical, and then horizontal when said streamreaches
the free surface of the |liquefied gas inéide the tank. In a
preferred enbodi nent, a vertical gaseous streamis generated inside
said tank below the free surface of 15said |liquefied gas, and
preferably fenmdireciot t one ofiot hkes amke andunned heivectihytoestioé pheps
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fluid conpriseside | dasttane punpreovest tegsahent fnkp apdeatihgast one
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feed pipe for feeding sal (gosed ori zont al eneat
the surf@ce @f tPecfeupdyi nserelical d 2adkthandnpr éreradl ywhen| sasd

one said feegkpipp AbsPRSedha theevieinhty &f the bogtemwual fassaid

fluid feed pj e 35 rovided with a plurality of ejection nozzles
for ejecti ng“g%&(geﬁ ¢ d- %%/ards towards the surface in the vertical

di rection, the varhoaspsafeessd venbodzhest of athert 7csangafeeds ptpf,‘eam

pref er ably be y§ SQ g%aﬂ%{dé §£'18“ @Q%Q%wbé’hatfa':eeé‘séurf %“d
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e direction per,{?e{]slecrgbgélmgnt is preferred because firstly it is

gsimplest to implement, and secondly the gas bubbles
injected into the liquefied gas make the two-phase

20 liguid/gas mixture compressible, whereas LNG is itself
almost incompressible. Thus, the compressibility
imparted to the two-phase mixture enables it to damp or
indeed to eliminate the majority of the harmful effects
of resonant sloshing, which effects are greatest in the

25 vicinity of the side walls and more particularly in the
corners.

More particularly, said ejection means for ejecting
liguid or gaseous fluid comprise at least one pump
outside said tank, and at least one manifold provided

30 with a row of nozzles and consisting of a fluid feed pipe
for feeding said fluid and disposed horizontally beneath
the surface of the ligquid inside said tank, and
preferably at least one said feed pipe disposed in the
vicinity of the bottom wall, said fluid feed pipe being

35 provided with a plurality of ejection nozzles for
ejecting said fluid upwards towards the surface in the

vertical direction, the various successive nozzles of the



< the tank. To this end, nore particularly, said fluid feed pipe(s)
is/are disposed in the transverse direction 10YY' or preferably in
the | ongitudinal direction XX of said tank. A curtain of gas bubbles
is thus generated that is parallel to the side walls of the tank,

i.e. parallel to the two opposite transverse side walls or
respectivel yame tived woloppos e didngitaidinapsicdt ardtts 5ol atre

tank. HIgheraly asaid dd W & iged p ReS-ans-Lispased o trheche

| ongi tudi nal direction. espectl ve feed pi'pes di sposed in
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provided with a lurality of said _manifolds provided wth rows of
nozzl es di sﬁ@%ed)rorféfed:él‘iﬂ}@]é’hdt%é? § &%W%r@i%tlﬂ%ﬁ@( atof
different dlsfeh@&:%’iﬂi rom tcheftsaﬂﬁ age, ga{H efeidy W tthoheysadthted

mani fold pr ed vvlth ertl nazz| es_ di.sposed in. the
vicinity of Bbsttc?rﬁ la‘ﬁ? agléﬁ C{'rl'é erHEY var ant
enbodi nent , saiad tednkead stl’mr mmde:ubmﬂﬁtsmnhnmmmn@nﬁa]fm Vi ng
liquefied g I i
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gaseous curtains being 5chasen, from anong:
the longitudinal direction.

Respective feed pipes disposed in a transverse
direction YY' in the vicinities of the transverse side
20 walls of the tank, i.e. the walls at the longitudinal
ends of the tank, may be advantageous in the vicinities
of the corners of the tank in order to attenuate the
sloshing movements of ligquid that are large in the
corners. To this end, it is possible merely to form an
25 extension in said transverse direction at each of the two
opposite longitudinal ends of each of gaid feed pipes
disposed in the longitudinal direction of the tank in the
vicinities of the longitudinal side walls of the tank.
Advantageously, said tank is provided with a
30 plurality of said manifolds provided with rows of nozzles
disposed one below another in a common vertical plane at
different distances from the surface, preferably with one
salid manifold provided with a row of vertical nozzles
disposed in the wvicinity of the bottom wall of said tank.
35 In a preferred variant embodiment, said tank is
provided with said movement means for moving liquefied

gas by generating an upward gaseous flow curtain, said



a) said fluid injection neans for injecting fluid in the liquid state
or in the gaseous state and having ejection nozzles, preferably in a
vertical direction, said gas preferably Gonprising gaseous nitrogen;
and 10b) i mrersed heatlng means conprising a pipe through which a
heat carrier fluid flows or a Joul e-effect heater resistor in the
formof a Ioy@éé@mén@mreaEnepfeﬁefABDyeekbenhﬁagimg antlofgt tudinal
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wal | of said tan suspende i'mersed i n the vicinity of the
surface of said |I§u@¢megegggderstood that nitrogen is advantageous

because it is an inert gas that firstly is relatively
abundant and inexpensive and secondly has a ligquefaction

20 temperature lower than the liquefaction temperatures of
liquefied gases of the following types: methane,
ethylene, propane, or butane. It can also be understood
that injecting inert gas such as nitrogen into said tank
is combined with means for removing and re-circulating

25 said inert gas, in particular as described below. While
the gaseous curtain is being generated by injecting inert
gas, the liquefied gas can also be re-gasified partially
on coming into contact with the inert gas, so that a
mixture of nitrogen and of said gas corresponding to the

30 liquefied gas but in the gaseous state is removed and
caused to re-circulate.

When said means for generating a gaseous curtain
include localized heater means suitable for heating said
liquefied gas in such a manner as to re-gasify said

35 liquefied gas in contact with said heater means, the gas
of said gaseous curtain is the gas corresponding to the

gas of the liquefied gas contained in said tank.



. 5Mbre particularly, said |ongitudinal Joule-effect heater elenent is
i npl enented by nmeans of an electric cable. I n anot her vari ant
enbodi nent, said tank is provided with dPrect |iquid novenent neans
consisting of a suction 10 and delivery punp for sucking in said
liquefied gas and for delivering it via a horizontal delivery nozzle
mount ed on sai d iSetet sexttpineanr @l emEor -y viess tpragad s toropropether

i nersed in_ said, .t [ r : ' I I S
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surface of the liquefied gas, said punp or said propeller being
nmounted on a float in such a manner as, to renain_j nmerse ger nently
‘s%‘-%%“t

at a substanti al NPTORIEMCHI Tt Bhc St riemIhe Sthd ace
i quefied gaseit adlneterith iSAi ithd ladthen toadl 1py efieiabl §f adn sedept i ©f in
the range 0.5 mto 5 m and nore preferably said float being nounted

to slide vercia}bca%y on an i mersed vertical support. It can be

under st ood t hat tIn snarhdrxatasipporeamfori@sst i debly Sappors i pgpvhided
fl oat nmakes | S t { I i Qﬂﬂp i.d: propel leL, i
determ ned yolsﬁ%%zgﬁrle%%%ﬁéﬁé?a% dir e%%n%l%%n%ucpfne%n%ué&&
acting By praspeldeeri Rono R et prepil &9 ot ofa Sai B SRt ieh e 3
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oriented to nnve(gfld |Iq¥§fjed as.in a horizontal direction towards
the central YYHEGt Fhith rﬂ(‘}m%]?%?%r%ﬂ%' i AdP Pt YTur corners
of a rectangdarulardrz grade Sect | Dimeafssdi th teakd B3aTh) siendoch nent
makes it possible to attenuate, or.indeed-1o0 elégiﬂgta
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vertical5 cordigrectiln, and preferably in a direction that is not
parallel to said longitudinal axial direction, below the
surface of the liquefied gas, said pump or said propeller
being mounted on a float in such a manner as to remain
immersed permanently at a substantially constant distance
20 from the surface of said liquefied gas contained in said
tank, and preferably at a depth of in the range 0.5 m to
5 m, and more preferably said float being mounted to
slide vertically on an immersed vertical support.
It can be understood that this vertical support for
25 slidably supporting the float makes it possible to
maintain said pump or said propeller in a determined
position.
More precisely, said direct movement means acting by
propeller motor-driven propulsion or said suction and
30 delivery pumps are disposed in the corners of said tank
and are oriented to move said liquefied gas in a
horizontal direction towards the central zone of said
tank, preferably in each of the four corners of a
rectangular horizontal section of said tank.
35 This embodiment makes it possible to attenuate or
indeed to eliminate the strongest sloshing movements and

turbulences that tend to build up in the vertical corners



of the tank, in particular when the tank is of rectangular horizontal
section, if the sloshing inside the tank is not perpendicular to said
mani fol ds and to said side walls of the Y®servoir because of the
conbined pitch and roll novenents of the ship or floating support.
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(b) said direct movement means acting by propeller
propulsion or suction and delivery pumps for sucking in
20 and delivering said liquefied gas, disposed in each of
the four corners of a said tank that is of rectangular
horizontal section, and oriented so as to move the
liquefied gas towards the central zone of the tank, i.e.
towards the vertical central axis half-way along the
25 tank.

This embodiment is particularly advantageous because
it makes it possible to prevent and to attenuate sloshing
in the transverse direction perpendicular or inclined
relative to said vertical longitudinal side walls of a

30 said large reservoir.

Advantageously, said tank includes, inside it, said
gas injection means, said gas preferably comprising
gaseous nitrogen, and a gas feed device for feeding gas
to said gas injection means, comprising, outside said

35 tank, at least one ligquid nitrogen reservoir, a first
liquid circulation pump suitable for sending said liquid

nitrogen into a first heat exchanger, the heat carrier



11 fluid of which is seawater, said first heat exchanger being
suitable for gasifying the liquid nitrogen stored in said reservoir
before it is sent back into said horizortlal ranps having verti cal
nozzl es, a gas 5separation unit suitable for separating the renoved
gaseous m xture that is renoved fromsaid tank and conpri si ng gaseous
ni t rogen and lssid afasvitiortr eisporeiwardmo, sea i | figuef i lezh tigas<dhmidwer
gaseous st ate,. - Q ir I pm% i |.e i Ng
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mani f ol ds antdbgsaﬁlaeﬁ a‘”ﬁjﬁt.h du W aérz%fﬂeesfp%n odt n%%tjga%scgiegl a%ﬁl%“g
provi deg i rssigeln tthavigdeeniecttiare meemnsl forg i Ffectsaid al fquedied
consi sting 3paf 13, g&iﬁ mﬁi@a@@& | {131 8o Or g ey@poratiag in
contact with said fiIT; 1Jique I ed gas c%tal?én)e in the tank at a

t enper at ur e IFWAE FHAPIHe t enperat ure of

More particularly, said gas feed device further
comprises, at the outlet of said separator, at least one

20 nitrogen liquefaction unit and/or a liquefaction unit for
liquefying said gas corresponding to said liquefied gas,
which units are suitable for re-liquefying respectively
the nitrogen or said gas before sending it respectively
into said nitrogen reservoir or into said tank.

25 Even more particularly, said gas feed device further
comprises a liquefaction unit for liquefying said gas
corresponding to said liquefied gas and constituted by a
second heat exchanger immersed in liquid nitrogen inside
said reservoir co-operating with a circulation pump

30 suitable for causing said gaseous nitrogen and said
ligquefied gas to circulate in pipes respectively feeding
said manifolds and said tank.

In another embodiment, said tank is provided, inside
it, with injection means for injecting a fluid consisting

35 of a second liquefied gas suitable for evaporating in
contact with said first liquefied gas contained in the

tank at a temperature greater than the temperature of



12 said second |liquefied gas, said second |iquefied gas preferably
being liquid nitrogen, preferably com ng froman outside reservoir of
said second liquefied gas, said injectiadmR nmeans conprising at | east
one said mani fold 5provided with a horizontal row of verti cal

nozzl es. The present invention also provides a nethod of attenuating
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gaseous stream Oof gaseous conprTsing nitrogen.

parti cul ar | yorgasetisvhit ragerrizonkibcred Phtveshl eahanPiol@s-

provi geg WI:E rOV%@;pf@@é:l@SinM’ﬂ?I%@g&?%@'f{ro%ﬁiiéls r@ﬂ%&@h@éfofd
provi ded wi rows of nozzles are Wi gas by, a sai s fee
devi ce as de???%&laa%b%%.m‘?ﬁrﬁe%%si‘ﬂgl ]eﬁlh%%t’r%n?ghgs%%%}ﬁdg?iﬁu%l'fli-]%dor

gas, preferatlyatingicumbdrogesaid smeéthedtedihdt ohspad:anhzédl s that

provi ded wi th fous. of nozzl es. Sai o) second. i gyef | ed_gas, | hus. belog.,

ejected in the ?]qu|d dtate Thto saidirirs : q%e*‘i:’ed gas cont ai Aed”

in the ;@nk,t@%j@uQSQEQOQﬂ $$§®e1i@@i@a§vgasaf@¢mghamﬂ §hel@@yt

T e L e R s o

li quefied ga%qd/or by establishing a gaseous stream, preferably an
upwards gaseous stream of gaseous fluid comprising
nitrogen.

15 More particularly, gaseous nitrogen is injected into
said manifolds provided with rows of nozzles.

Advantageously, said manifolds provided with rows of
nozzles are fed with gas by a said gas feed device as
defined above.

20 In an implementation, a second liquefied gas,
preferably liquid nitrogen, is injected into said
manifolds provided with rows of nozzles, said second
liquefied gas thus being ejected in the liquid state into
said first liquefied gas contained in the tank, said

25 second liquefied gas gasifying and thereby generating an
upward gaseous stream inside said first liquefied gas,
which first liguefied gas is at a higher temperature than
said second liquefied gas.

Since liquid nitrogen at -196° at normal atmospheric

30 pressure is injected into the liquefied gas contained in
the tank, e.g. LNG (-176°C at normal atmospheric
pressure) it then finds itself in a ligquid at a higher
temperature. It thus heats up and evaporates inside said
LNG while drawing from the liquefied gas its latent heat

35 of evaporation, thereby cooling said LNG contained in the
tank and limiting the evaporation of said LNG contained
in the tank.



. Since liquid nitrogen at -196 at normal atnospheric 30pressure is
injected into the liquefied gas contained in the tank, e.g. LNG
(-176C at normal atnospheric pressure) i3 then finds itself in a
liquid at a higher tenperature. It thus heats up and evaporates
inside said LNG while drawing fromthe liquefied gas its |atent heat
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i nto hori zortadksst médineh oiewiNG s it storeajeniamkt Ll eengthietuted
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3 is a plan view of an LNG carrier ship having three tanks, the first
of whi ch tarﬁ&é, 20corresponding to the section on plane AA in Figure
2, 1s equipped wtlridewees f drheendnventdosed hadcigeneratew aof an LNG

s 8ol do- o Pros S Gt b A ACYasan: B e dreheee
side with armfejdst igwdeviove YUY gergrects iy horprefiteal gasremnert
pressure’i'lﬂ&ﬁﬁé*ﬁﬁé‘ﬁﬂ!f&% a storage tank, at the surface thereof;
and
Figure 3 is a plan view of an LNG carrier ship
having three tanks, the first of which tanks,

20 corresponding to the section on plane AA in Figure 2, is
equipped with devices of the invention that generate a
horizontal stream of liquid LNG inside a storage tank;
and

Figure 4 is a side-on cross-section view of a tank

25 equipped on its right side with an ejection device 40 for
ejecting liquefied gas under pressure, in its centre with
ejection devices 50 for ejecting nitrogen-and-methane
mixture at five different levels 50a-50e, and that, on
its left sgide, shows the free surface effect and

30 appearance of sloshing; and

Figure 5 ig a diagram showing the flow cycle of a
mixture of gases (N, + CH;) between the ullage space of an
LNG carrier ship tank and a gas injection manifold or
tubular pipe 50 provided with a row of nozzles and

35 situated in the lower portion of said storage tank that
is shown in a longitudinal section through the ship with

a gas bubble curtain 6 generated by said manifold; and



ej ection devices 50 for ejecting nitrogen-and-nethane m xture at five
different |evels 50a-50e, and that, on its left side, shows the free
surface effect and 30appearance of sloshi4g; and Figure 5is a
di agram showi ng the flow cycle of a m xture of gases (N2 + CH4)
bet ween the ull age space of an LNG carrier ship tank and a gas
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liquefied gas in the liquid state into said tank; and 30 indirect
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means comprising:

- direct movement means 40, 40a-40c and 21 acting by

25 pumping and ejecting the liquefied gas in the liquid
state and under pressure into said tank;

- direct movement means 22 acting by motor-driven
propeller propulsion of said liquefied gas in the liquid
state into said tank; and

30 - indirect movement means acting by generating a gas
stream in the liquid of said tank, namely gaseous fluid
injection means 50, 50a-50e for injecting gaseous fluid
into said liquefied gas and comprising a horizontal row
of nozzles provided along a gas feed pipe or manifold, or

35 gaseous stream generation means 30a-30b for generating a
gaseous stream of gas corresponding to said liquefied gas

by heating a resistor 30a by Joule effect or by causing a



- gaseous stream of gas corresponding to said |iquefied gas by heating
a resistor 30a by Joule effect or by causing a 15 heat cafrier fluid
to flowin a pipe 30b and by evaporating>aid |iquid LNG contained in
t he tank. In the above-nenti oned novenent neans, a stream of
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vi ew t hrough a Shl% 1 of the FPSO unit tr{Fe anchore %laé' nes I b
C

connect ed t CRE &ihcids &, ERthi PEPSO Ut t£F st i RstaF e bver &
petrol eum f it icbraget racedvEs gasardiom tingersiea y\:edphlcﬂle:amej/da@t@di pes

(not shown),,sal d @as; belng freatsd op board 10, . ang

20 - using ejection nozzles provided in the form of
rows formed by respective horizontal manifolds or feed
pipes, and disposed at distances further away from the
surface, in particular at least in the range 3 rows to 5
rows that are superposed in the vicinity of a

25 longitudinal side wall of the tank, but that are oriented
vertically so that the liquid or gaseous fluid is
directed upwards towards the surface, as it is with the
gaseous fluid injection means 50, 50a-50e for injecting
gasgseous fluid into said liquefied gas and with the direct

30 movement means 40, 40a-40c and 21 acting by pumping and
ejecting said liquefied gas in the liquid state and under
pressure into said tank.

Figure 1 is a cross-section view through a ship 1 of

the FPSO unit type anchored by lines 1lb connected to

35 winches 1lc, which FPSO unit is installed over a petroleum
field and receives gas from undersea well heads via pipes

(not shown), said gas being treated on board in



16 installations Id so as to be cooled to a tenperature |less than
-163C and so as to be stored in tanks 2 before being offl oaded to

nmet hane carrier ships that then carry saiiéd gas, still in liquid form
to users. Said tank 2 is 5equi pped with devices of the invention that
serve to prevent the appearance of undesired sloshing novenents due
to the free sustatdaefibeet 1dndogeserat ed coside tbeataahpbyathee less

confi ned I|q 8L sgnatin xternal | whi ch
the ship is gh jec?gg 8£§08§hgchg92%genngFed By ké % bﬁ ©5&a
currents. Subﬁlégoéﬁfhgadgdekplaﬁnédnbeb@wmnﬁrnshepdetaat thethearry

description leahgabnV@BEEQninEQEBUQE kggmreegagggkgr bbgﬁﬁ %?ﬁgeg is

tanks has a vol une q wth™a wd | engt
and a hePght S8F1BBSfh WithbéPH@%sp%sFbﬁelﬂaﬁnﬁh@nl ahgésﬁeeﬂvesg@h

tanks to be pselrangetns Qpp@&@@nb@rgﬁruhﬁéﬁl§@d0990§ﬁ1ng moveficddEe 2
isS a cross-s ctlﬁg vheM/t rough a shi e nethane _carrier t
r

equi pped Wit SvitES © rFﬁSelﬁgéﬁFFoﬁngF988F§a§eﬁsl§sbﬁ8ntéﬁew
of an LNG catanbrbgoshepcbaﬁnngdthuqelﬂanbstehbe rekbnhiiay atiehof

whi ch, corre j e.secti n of. Fi gure 2
eqU|pped mnt%gggg#ggsgg?ibhégl%éeﬁ |on ?hgtgagﬁé%gtgua orlzonpgl
stream &P |idbéthedsgasnenstdd hyswondgert hnkseancuheeniei ni Bycbf the

free Surfacesﬁéshgﬁghﬁsl@&leQﬁEBOBeQEWFhHUﬁgré aQE%?llﬁPdéhé'
undesi red sl shlngPEéenonenon wher eb ééa regul ar swe ornms and

propagat es i ASFde CRank bhevhBHew ﬁnslogﬁFHgoﬁoFﬁﬁ rRSFaBosapd
tank, the pavlbckeshabelli gqupkieHagas subshanbkabkyodesettheaawsikal 6

t he 30greate itat urface continues towards the bottom
bef or e dylng£ou ?h%% 9?%08£ ¢ ?h%ngu?fgﬁéggﬁ,og ggrpvcﬁFaPebpg
[iquefi&d ga§0861bbesﬁorbehealargebe bavenghattokst angeat as large as

correspondi ng..t e f-th € 3-1 and a bottom tangent
correspondlngrtgv% e %% ughégggc gfggg?ﬁ wave. |In the sanme way, a

particle 3c2 at aRigwnrerdedfadecdepehsantianpuieivctbr@ughas ahgpeat ef
depth are npyed, nSYRSHEO0RQUSE ¥rt Oybhecgatbbehew3ch, oPMEL devices of

the invention. Figure 3 is a plan view of an LNG carrier

20 ship having three tanks, the left first one of which,
corresponding to the section on plane AA of Figure 2, is
equipped with devices of the invention that generate a
horizontal stream of liquefied gas inside a storage tank,
in the vicinity of the free surface 3a.

25 The left portion of Figure 4 shows in detail
undesired sloshing phenomenon whereby a regular swell 3
forms and propagates inside the tank 2. When such
sloshing forms inside said tank, the particles of
liquefied gas substantially describe a circle, the

30 greater agitation at the surface continues towards the
bottom before dying out. Thus, close to the surface 3a,
a particular of liquefied gas 3cl describes a circle
having a top tangent corresponding to the crest 3b of the
wave 3-1 and a bottom tangent corresponding to the trough

35 3c of said wave. In the same way, a particle 3c2 at an
intermediate depth and a particle 3¢3 at a greater depth

are moved, synchronously to the particle 3cl, over



- 17 respective circles, the circle of the particle 3c2 being of nmedium
di anmeter and the circle of the particle 3c3 being of small dianeter.
The swell shown in Figure 4 is sinple swWell as can 5be observed out

at sea, but when such swell is confined inside a tank 2 it rebounds
off the side walls 2a and then finds itself reflected while keeping
its own energpspreacteive tsiperend Eml ¢isclhapdi tide. pdii scidehc? dselns
in surface it at i ﬁtﬂ&g i f e -

magni t ude d:cgfe_n |c%1%n%gi% e s.egar%%%dﬁ%?o%%@%eéfmgé%%e?%ﬁ%l%g?I3ecc?f ed
of f the wal I2eEuhnhentagetdiamefrRi can devel op towards decreasi ng

states of agitatif whgd t he,daconbi matian 4 akess phace a1 pfaphase,
or towards |ncr§a5| n\tg states of agitation when the waves, are i

n,
15phase.® Thi¥ He U P2 I subjlectet tH Xt ¥ et Sheteriined
ei ther com nghdidmouiamt Seix ofelsiend® s hckid & D€ ursEnd , 24 hendiol |,
pitch, yaw, .sway,.and sur venents of -t hip excite the liquid
contai ned | ntslﬁ% %C?San%%elafrrgr‘? eseocnté%éc)ew%%%o AN T heR DT IY
i nsi de saidiak bexauseial drmt dbovwerplestrdded Tondi Hatn onsswit$ hin
mul tiple ref d f ; I t i ng
may be vi ol egnL%arcﬁa,nécql41 Isaeé:?tldgz%éolh%l \rlé&l?}sk&”g?g d%ﬁrr%tg eﬁﬁgfrlg?%%%%e ?ﬁ hf(;é 558
retentith amMPEGHTIGeMIRePENS tEhstivrseet e Hel @he cofis nivages he

l'i quefied gashusSuedr 15d @sd ngr ©lagse Nt 1 T akeod ace iy hdyr tiheg event of
storms. It c n gpﬁear evg in cal mweat her when_cert ai n,gar net ers

related to t VIS (HRESH T S IHE S HRDATF EF1 577 d ane t o
t he | evel ofrdddnbingoforsa aks3Dt@Einkse aswet presedsal dhe-Saamedd | me.
For exanpl e,. a beam sea .of small anmplitude, .e.g. .of significant

hei ght He = FFeH LI Brae T o pat ] Ul A pEriBae™s TS 259 Hconds
to 10 skzonddiasies not present any danger when the tanks are full or

2L:cie1[riptcy(/a?lrjei nagaek anghal Sal efgredi at e fidd gy leyel sy  for a
swell la, either coming from out at sea or due to wind or
to current, the roll, pitch, yaw, sway, and surge
movements of the ship excite the liguid contained in the

20 tank 2 and resonance phenomena can then occur inside said
tank because of the above-described combinations of the
multiple reflections off the walls of the tanks.

Such sloshing may be violent and lead to a risk of
damage being done to the retention and confinement

25 systems for retaining and confining the liquefied gas.
Such sloshing does not take place only in the event of
storms. It can appear even in calm weather when certain
parameters related to the behavior of the ship, to the
shape of its tanks and to the level of filling of said

30 tanks are present at the same time. For example, a beam
sea of small amplitude, e.g. of significant height
Hs = 1.25 m, related to particular periods, e.g.

T = 8 seconds to 10 seconds, does not present any danger
when the tanks are full or are empty, or indeed are at

35 intermediate filling levels, but for a specific wvalue,
e.g. in the range 70% filling to 80% filling, resonance

phenomena appear under such specific conditions leading



e.g. in the range 70%filling to 80%filling, resonance phenonena
appear under such specific conditions |leading 18 to dangerous
behavior of the liquid gas cargo that cargive rise to very violent
sl oshing agai nst the walls of the tanks. Such violent sloshing can
then give rise to the confinenent or insulation system being danaged
or 5even ruimoﬂaﬁmm mﬁé-\ifngrtdae 1St plﬂﬁl@1<i1t§a§nctehf@00ﬂ51e&\tidﬂan
great danger ive rise OS CondUthé £ sﬂg gfnst ghe W

Appl i cant ha%j/e shown tthat The Yormation © slll%sia*l?ng ?ype agl?ajfl on
inside a shipis tawks f orSethorvigléenguelioeigascas Udeh syivdedidy o
hori zont al rg,ﬁﬁgz g@pgt S f saj.d

i quefied gzsaesﬂggésgs om“ngqrﬁ%n 4P B , sﬁé():rg gyés?errgg%'% %ﬁaﬁée?a%d
for exanpl e, 8B a'devete W’g%?ﬂér%%%@n% flee %&%@l?\@df%‘@% A hbEY | BT e
fed with I'igwh dyfdduedies met hane) under pr essure via a 15

hori zontal manifold or 40a_that _is fed b utS|d t he
tank and not shov%?sﬁtcﬁorﬁ ‘f%dc%l?n%n?%?nnﬂ g}gﬁ%’ éﬁlu l?§nt
fastened to Hieh\ae V@Hldwﬁatmta tehes uppond t sbi usE ug BodRinSat do¢ ezigisaith@]ﬁl
advant ageous| ect pwar d cl reach the
20surf ace, the Sl hﬁg% %r%é??%rn %ﬁur a?llﬂguéf (? rf‘gci)rm a

hori zont &l Jcéxstmﬁ@e@dmm a\alucplonzcmrﬁt@hesiwewmc@eﬁn@n@tﬁ@rmo@tacbnqa ets
local Iy di sturdise the QLbi é@%fé@é/eafnééﬂflw@epﬁéal §hES. a8SsKXPh al ped
above, and thus disturbs swell formation inside the tank, and t hus 25

di sturbs theFJtﬁﬂéF’é%l4eoﬁlﬂ%1%o%la%‘é€e<ﬁﬁe‘%%h%%age%ﬁﬁ‘é%h @‘é?ye’ﬁ%‘ﬂléﬁul
jets are reqyidedi dd mdgéné@a@ﬁﬂl @ suel bxibabgi srahr gadyz£0e ned, £&4
order to pre wel | r’rp t%1and from reachi n‘g respnance
condi 11 ong. YTt  Bhg Ral PR T et e it O R B BT o | e
30or der1of rmgmzcnndtsallmaﬁgmﬂ@ dy phpeesdeviices dOatddcbhay epump
advant ageous £6 o) i r i f

havi ng a hei g%‘tlp é]id&ﬁg é%%ﬁaén?g#(%lg Séﬁéwgg ‘QD#I?o%nf id 8 nE%aPJfS?m
2b, agai nst s dcziide WItQ@t i bs strptenednnerths W@lhc%la'tfeao@ﬂ y one
devi ce underg350pti ngl condi-d i ons. y@f@ jbe {i11ho9 LevehrdSeously

i nternedi ate, ‘as shown in Figure 4, é the i nternedi ate devi ce 40b
that is sit e e oY $herRar {SREe | he ggarticles reach the
20 surface, the jet changes direction naturally so as to

form a horizontal jet. The combination of the vertical
and horizontal jets locally disturbs the orbital
movements of the particles, as explained above, and thus
disturbs swell formation inside the tank, and thus

25 disturbs the undesired resonance phenomena. Although
very powerful jets are required in order to calm a swell
that is already formed, in order to prevent swell from
amplifying and from reaching resonance conditionsg, the
required power is much lower, and can be of a smaller

30 order of magnitude. In Figure 4, three devices 40a-40c
have advantageously been disposed at different heights,
e.g. for a tank having a height of 20 m, at 2 m, 7 m, and
12 m from the bottom wall 2b, against said side wall 2a
in such a manner as to actuate only one device under

35 optimal conditions. When the filling level is
intermediate, as shown in Figure 4, only the intermediate

device 40b that is situated close to the surface is fed,



. 19 the other devices 40a and 40c being deactivated. If the level in
the tank is high, then only the top manifold for feeding the device
40a is fed, whereas if the level is lowl%nly the manifold of the
bottom device 40c is fed. 5Figure 2 shows a device 21 of the
invention that is constituted by a float 20a that is freely slidably

gui ded al ong-he prdienCiewiaendi Gy ared t4 Cal e et dRet 1 HRE bt t obf 28he

and the ceiljingi2e pfc e 4ank. s Saigh floaln SUPPRTtise o B SRS PUFP-
21a imrersed at_1 m below the free 10surface, powered via an electric

cabl e (not SHRMNI ditf GREEGR 44 INGH r SHFLFT ohh tHRS tHRRS antP
delivering iltow, arlhaie il 30z zd e 2D 156k 8Sm tdeghherade Bs fed.

di sturbing transverse horizontal_ strea in the vicinity of the .
Surface 35 of ‘t e 1T ER S 2 HER G £ & Asruh et fraciire i
cabl e 30a i sdispigsetked|mse tiolddie i tdm2bi of fisee Iy tahkdably guided
substanti al | I e ' t LD I t

evapor at e th%icf}?%ﬁelefpféesc# S%aigb?/ﬁ%%%d%%l%%?%%l.y%ﬁ%%%%glin&geedg ottom
heating t huyenet diles ibbing 3t tHen ¥ave: t ccate Sledtaceuredietreby

generating 208 iMgfdisad MpMRrsh stigamdddtar at & heesaw faee Breof said
liquefied gas splits into two horizontal streans of opposite

di recti'dhs, FIOWERRP T DOFI2 i THeE Ot Hercal st (FBoar oV R
right of Fi gliidkithg ateving 22rd@s] peron nsal t 2ok tdhed dsl abeping it
imrersed at 1L . m bei,ll ow thet frgoee %grg ce andstt_hat ise]gaé/aréant of the
above devi ce,* e AT ANt HeViTE bei fig° constitut ed by a T1dat 20a
freely slidablstuhidey tataorgyer posto20homxd eneli nepwver 11 calhe yvbet meen
t he bottom t idi t 2K id fleat r{s an
el ectric m)t%%r a%gea %&Po%e%e b%?a%{eelie%él C c%bsgéég'(no%?s{%m Qa%bl g

actuat iy a [ | ke Ppl @fCHokT DM al S ad PP AsCt oS Yerrerplie pottom
di sturbing tyansyesses hodhizond@bssdheam iy pdeavisl nidycoé dhes of

surface 2d of fhe Jiquely of gas, Figu e Lshows U ep, oler yaian,
respectivel ytige demile &OFfecotpr i Bhdgl @cdibl z@dritadt agi tlohs penat aieds
wWth a M|M%%dgeﬁég §ﬂ§€téﬁgh(¥1£écgg éﬁgcggrface, thereby generating
20 a vertical upward stream that, at the surface 3a of said
liquefied gas splits into two horizontal streams of
opposite directions, one flowing to port and the other to
starboard. In the right of Figure 2, a device 22 has
been installed that is also immersed at 1 m below the
25 free surface and that is a variant of the above device,
the variant device being constituted by a float 20a
freely slidably guided along a post 20b extending
vertically between the bottom 2b and the ceiling 2e of
the tank. Said float supports an electric motor 22a
30 powered by an electric cable (not shown) and actuating a
propeller 22b of horizontal axis so as to generate a
disturbing transverse horizontal stream in the vicinity
of the surface 2d of the ligquefied gas.
Figure 1 shows three other wvariant devices of the
35 invention that are installed inside the tank 2,
respectively a device 50 comprising a horizontal manifold

provided with a plurality of ejection orifices spaced



20 apart by in the range 0.5 mto 3 m which manifold is designed to
inject gas fromthe bottomof said tank that fornms an upward stream
of a gas curtain 6 extending in the long2@udinal direction of the
tank as shown in 5Figures 5 to 7. The bubbles fornmed rise to the
surface and generate an upward streamthat, close to the surface,
splits into éperopppsitetbereanse Oné hl owi Agmi owbtahboandfoaddithe

ot her to por o] i e e
S0a. e 9. anor SE R oL e R RRe L o e SRR et
heat carrlerf@rﬂﬁdaﬁl@Rﬁaréuﬁbéﬁﬁ@doéta3$ésa€urﬁélbo§t@ﬁt@ﬂd@h@ tank

as shown in EhgUIsngltaaﬂngysafeeeglah bhechapsafk LWOosuglhi ¢al
supports_31b_as shomn In ure_3. Said heater elenent

re-gasi fres {he“ERE, ° tF%r%by ?g gEHEP EFn§oBUBEI E4SEnRP EREnSHrSace
t owar ds the suﬁfgeﬁeraherebyugeaeaagtﬁgaﬁ enhti nglbkui docenst shutede,

by a vertica amin the f or, gas _c ain 6_that, at
t%e szrface %%EP¥g3a| ||H%e?P% =45 Q%F?FE i At's ?&8Wﬁ89|58nta
streanms of oppasboardiracdi bhs, OOher2©®Ipmrhg td pertndndetvheeot her
to starboardcoEggﬁkhyedOB%;théaggk §eH§M£C§Pé0 %ngtaghegla&tkbs

bottom of the tank, and constituted nozz via a mani fol d
40a fedl @it hCRREEbyCR bﬁﬁﬁe@n@tpsh@mh§b generahewhackahpphgopraigr

constituted byuaa Epsasd g@pﬁ@@ﬂédogttﬁﬁa2§tlauédbbhabmseklEﬁeteaﬁgrt
and to starboard once.it_reaches the _free surf ce 3a. of the |

Figure 3 is a°pPan"Vi e BtIUr fet harBdcarFPERISH ﬁteEBFpEQHSmPthWﬁree
t anks, the tmﬂktatalheuppomasd3ehda9fshhenshnpdbeamg efqurpgadewst h

two rows of z 3 | es_50 f d wnth as e ressure, wth
t wo floatlngg%{ﬁJi Rgégégq%?%%éﬁgmf% %gzz s 5% %I? agggr?ﬁythe
cornersl2d oferpeatank bwbbhespbhetstden rweeftowmardg phepeuréasezz

as descrlbedtMé£Qb§e§§ﬁ§9g@1£§ glagiﬁla puaaec885g§£§téa
tank on the starboard side, and 5central pipe 3 roug |ch a
heat Carrlerv$¥9}8a$|%anrd stream in the form of a gas curtain 6

that, at the surface 3a of said liquefied gas, splits
into two horizontal streams of opposite directions, one

20 flowing to port and the other to starboard. Finally, on
the right, a device 40 installed at the bottom of the
tank, and constituted by a nozzle 41 fed via a manifold
40a fed with LNG by a pump (not shown), generates a
calming fluid constituted by an upward movement of the

25 liquid that splits to port and to starboard once it
reaches the free surface 3a of the liquid.

Figure 3 is a plan view of a methane carrier ship
equipped with three tanks, the tank at the forward end of
the ship being equipped with two rows of horizontal

30 nozzles 50 fed with gas under pressure, with two floating
pumps 21 equipped with nozzles and situated in the
corners 2d of the tank on the port side, two floating
propellers 22 as described with reference to Figure 2, in
the corners 2d of the tank on the starboard side, and a

35 central pipe 30b through which a heat carrier fluid flows
and that serves to re-gasify the liquefied gas so as to

form a central gas curtain. In Figures 1 and 3, the pipe



-and that serves to re-gasify the liquefied gas so as to forma
central gas curtain. In Figures 1 and 3, the pipe 21 30b and the
cabl e 30a are suspended at in the range?2 mto 5 mfromthe bottom of
the tank. Advantageously, a plurality of pipes 30b or cables 30a are
install ed permanently at various heights of the tank, e.g. every 53m
In a versi o &hewd ithaletadile i aFiajg e rendrbbite Surthe range 2 m

generated byd nj ectdng, Nifd agan dntor apmni {0l d equpped; s ddn @ row
of nozzles and situated either at the bottomof the tank, or at a

variabl e 10HiHRL1tH0 AhiRiRGR, 3 thehitavh 1% A6t e S} HRA | i qui d

state in a rRsefatit Bl aNd/d:Si Genthd il & eathexehanges . $2 dyergans
of a met gé@urrp Sla. Inside said heat exchanger 52, the liquid

ni troge ) is transformed into gas by nmeans of the heat

br ought , for 15exan eqeryidn gihrdvenpiex aiemaeilstiaarﬁbgm're/img dandbulatl S2a
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upward vertiLaly st raamnLoand ddiuse aal sang, fduigs 4 ngddehe |iquid
net hane or LNG (-165C) and. mixes with the ullage gas 2f, which is

t hen coriti tklﬁjél:}"*boy Gri S F 1 n@i‘%d’%ﬂet%rbfl%???f@%% 19K Hi xtur e
is then recaovened aftdthe eid ifgaereir the ﬁradlkl@rwbmts Betw Dbhéat o a

separator 53 . g. of 25 nol ecul ar Si eve in

fraction of %%C}%Q?Fanée?%y A DU rﬁ’m% % fside
partici pat e,sa&ld).heast aefalsngem Fhe @-’E@Ihﬁ:ﬂflm Ipxtolp@gl;dam ng-1$1@°@h| bs
57. The remﬂdfﬁz@f&?rﬁ%&”%ﬂé %grmg %9&&@5% éahé

mani fold 50 via circulatio essor at t u auses the
m xturel’ hateWRﬂ@ thy et st R ties Bibd| %t%@ﬁt%?ﬁl‘fbn%ﬂ?@m%‘% e52a

generating tdhgy L@Mﬁ@tf@%ﬁ@ff&ﬁh N N 0-dh gk s d N SESIEa thge NG & ijﬁ,
on starting up_the device, the isol % [an val ve 5 c.is o%)ened

the heat excHihdet*s2) 35 e TFH BGER 5 b AT 60 U o o ey E P

t he meteri ngPuimrbllss i 50 act uattes dds Son@nmet r Saket t‘a]SeItOriﬁe@a‘Bcb\fJg!rds

the liquid nijtrogen. and then simltaneously,the ¢ s&ul 8Ll PN PR,

20 and thus a calming fluid, inside the ligquid methane or
LNG (-165°C) and mixes with the ullage gas 2f, which is
then constituted by a mixture of methane and of nitrogen.
The mixture is then recovered at the ceiling 2e of the
tank and is sent 56 into a separator 53, e.g. of the

25 molecular sieve type, in which a fraction of the methane
is separated out and sent via 53; to participate, e.g. as
a fuel, in the engine for propelling the ship 57. The
remaining mixture is then re-directed via 533 towards the
manifold 50 via a circulation compressor 53a that thus

30 causes the mixture that serves to generate the bubble
curtain to circulate, generating the upward stream of
calming fluid inside the LNG.

Thus, on starting up the device, the isolation valve

52c¢ is opened, then the heat exchanger 52 is fed with

35 heat carrier fluid (steam), then the metering pump 51la is
actuated in a manner such as to re-gasify the liquid

nitrogen, and then simultaneously the circulation pump



22 53a is actuated, thereby generating the desired bubble curtain
inside the LNG Wen the circulation state is stabilized and enough
ni trogen has been injected into the devige, the injection punp 5la is
stopped and the valve 552c is closed. The nitrogen contained in the

| oop constituted by the ullage space 2f of the tank, by the separator
53, and by tﬁéacbanecthaneéitherebyagasecanshgnthbndeéareasbuhble
separator 53, t i n ffegh S o] .hane
2e Tucl toves D6 Tho 105mrn ool HiCsy ThRKCREEs B RIAOPr RE APk
turbine typeSbrbaiirné pndt eRovali Retrgpen has bepn faabrtgd anto the

fraction of §heigaseeHs MhyEegeBni pullbssehved LRobBegLNGy aRd heve
nitrogen concentratl n of the ull age space 2f i s nonitored
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ni trogen as epraiﬂedeabbyethe ullaga kpecevefit oEhahesepakat bonths
not perfect, 2s. sg t as f Fﬁhen cont |ns ni.trogen in,addition
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Figure 6 shows the device of Figure equi pped with a ni ro
re-1iquéfact PR f FREENENPY SBhlﬁhdlﬁn?htbeQSOﬁthanétﬁémlFqnbﬁa@ttwne

second unit 55b@fmbh§hpygt@§ angiHsetybeduring the stage of stopping
t he bubble curtain ubblle curtain_is to be stopped, the gas

m xture continues’ ?orﬁﬁiﬁﬁﬁseﬂ foacrienl afetPBuEPALE PHErggﬁaréﬁor
is provided &ithoavadt ingeheoulitbet ab31lthadnik kbgdhacertbaneadubhebst

532, the nit d geously re-_ligyefied.in the unit .5
before it |SE§gn % %% ¥§$Egt§g %%s@?%%F?rggbcoﬁﬁa?ugPﬁiVarF?d Eﬁ? of
or a fraktionibfoghe ket hapeedsupeblyi gaefredfiynnghéignitl B5brbgéores
it is sent bagkiinheatheslbquid nmethane storage tank, the 35

remai nder advant ageously being directed towards the main engine 57 to
be used as fuel thereRf.event that spparabped &éFreafaPPshcesf. t hbe gas

m xt ure of nséﬁ@ggg aﬁélofhaﬁtB@ﬁeagﬁgeﬁ@t§§génl@ﬁgsdaeeibhbgélon of
energy, due to the circulation conB nd, as a.result
t

significant Frateion BRIFRqufd Rk ?@aFénggrfPaargahannaédgaﬁé
be renoved besansengheeublageHspacerof thbent ankseshovhdenepation is

e A 120t YoRLe8PDheala 2L FDIAPELLS.BI FoRUhBea UF BbhEERIGESS) LD°
explalned above.
Figure 6 shows the device of Figure 5 as equipped

with a nitrogen re-liquefaction first unit 55a and with a

25 methane re-liquefaction second unit 55b, which units are
useful during the stage of stopping the bubble curtain.
If the bubble curtain is to be stopped, the gas mixture
continues to be caused to circulate, but since the
separator is provided with a nitrogen outlet 53; and with

30 a methane outlet 53;, the nitrogen is advantageously re-
liquefied in the unit 55a before it is sent back into the
reservoir 51b, and, similarly, all of or a fraction of
the methane is re-liquefied in the unit 55b before it is
sent back into the liquid methane storage tank, the

35 remainder advantageously being directed towards the main

engine 57 to be used as fuel therein.



. being designed to withstand significant increases in pressure inside
the tanks. It is thus necessary either 10to renove the gaseous

net hane, e.g. by using it as fuel for t e mai n engi ne, as expl ai ned

above with reference to Figure 5, and/or to re-liquefy it as

expl ai ned above with reference to Figure 5. It should be noted that

si nce nitrogen hd&ea Jaapad st Oh atergeral dilee substarg i f |31 iRl
to -196C at alqespherdady easii@tdd 4 S NeYelcdrit Hlw thiphesecndr-gy,
nmet hane liquefied at a tenperature substantially e urgé to -163C.

Figure 7 shot€ &ridterT8dFVésih Cﬁ?mﬁﬁﬁsﬁﬁeﬁgﬁ‘o%‘  Hovth §FPuLt,

Figure 5, i wiigghi fier=sitore ddvee gas entisl 20uid xiatleand 16 trogeds ahitedf
nmet hane exits fromithe separator 53, and th a s through t

conpr essSgr aCI glne(fé agzsoegkp? hrreonhog eog l?1ee%1 use?%%g@‘rsf%%e i Sripac%ﬁt%%ftl\l/\?t h
the |iquid rigdnmogerhatld 198G inAtsuds sansipenatalr eamb hentret trepepheric

re-liquefie éﬂ\% ] gase i&r

gaseous net %a% an ’o’?g%N%ﬁ%ﬂ%o%f dom%%é%e%%e&%ﬁ{}ll%%%en%aa
and reaches ReHeO T FIIEB (O -t Hearfh st i 3y el cpRase Dl 2 wi t h
traces of gaseoisfethanie ithditaotied tonardscile nejessdon argndel d
50, while the liquid thane, or LNG.  is renoved 30at. t he, | ower
portiont®f <& dfeg?%vee > JASEADI B HE t dweF dPY K1 ot © pf t F Rt of

the tank 2. fhe dhalmostratdmyipies Ay exgenetad@dalnyvd hel o nps Bssatcd 3o
is such that the liquid t hane contained in th C o] .
back up insiFdLeqLP:ne 5q aenggf I;%O re—-rh.thltl%Jg Iﬂ: ag.é alr?‘g@ é]?%#éév\[outh

e pip or reac gas i1 njection nani
3550. The | izpfefmmtdont of Fidierered hankt | shaildN® ¢ nxdided t ieathestnce

exchanger 5%@%&&@ higaty fﬁwfmmt@e%@ﬁ&@%ﬁ%&miwgen

to boil in e reservolir 51 he gaseous, trogen produced 1s

advant dgeoustduadi reet e &1 @ at FH e ST bl ERS THeS pi e HIFever in
preferably imgdiatelysdpst reamHie t e COME@SSIOra S3amp Sed thhgaseous

ni trogen prodyced may advant ageously %)eoée_-li_quef!ed inaunit of the
same 5type asé‘ltfis;’?aaré‘?%aﬁéf %Cﬁi)%n,t%ndl e 1iquid nitrogen produced is
then nerely redi reciece tovettass salgreBseradi vebdion nof hehelesievept iam
of the bUbbh§59§Héﬁﬂr§5V@{$hre 5, in which version the gaseous
20 mixture of nitrogen and of methane exits from the
separator 53, and then passes through the compressor 53a
and passes through a heat exchanger 54 in contact with
the liquid nitrogen at -196°C. At this temperature, the
methane re-liquefies as LNG, and a mixture of gaseous
25 nitrogen and of gaseous methane and of LNG then flows
down inside the outlet pipe 54a and reaches the manifold
50, and the gaseous nitrogen, possibly with traces of
gaseous methane, is directed towards the injection
manifold 50, while the ligquid methane, or LNG, is removed
30 at the lower portion of said pipe 54a, via a pipe 54b
towards the lower portion of the tank 2. The hydrostatic
pressure generated by the compressor 53a is such that the
liguid methane contained in the tank cannot flow back up
inside the pipe 54b, or reach the gas injection manifold
35 50. The liquefaction of the methane into LNG inside the
heat exchanger 54 absorbs heat energy and thus causes the

liquid nitrogen to boil in the reservoir 51; the gaseous



reference to Figures 5, 6, and 7, the injection manifold 1050 is
situated in the lower portion of the tank 2. However, a plurality of
said mani fol ds 50a-50e are advant ageousl ¢¥4installed at various
heights, e.g. O m 5 m 10 m 15 mfor a tank having a height of 20
m either close to the side walls of the tanks or towards 15the axis
of the ship, nagrglg;@rm pimdﬁicgtgﬂr 6 s4 adifae tnwyricfuedlgs ddre dtuds mlastaalpllgﬁ

at a plurality0 %%!ggs ? gﬁ tancurgg?ﬁgrgbxﬁr%lcal1%E§$9r%88 feam

connecting the roor e cei ere
pass throughOﬁhéhﬁaﬁ@m@rﬁﬁéﬁwoﬁéaendS@Gdtm@aﬂQM§‘nu;ngg@ﬂ)gmmdﬂdaa

to the axis ahyt Bavship e@@@l&h%ﬁ alee 1fied e Qne e%%;%tckh%hf same
vertical walls with an N2+ aseous mxture under pressure

it is poSsiblF&PEi Efier "PoPREnE0f SEREmaRToltds that iids nditresead below

the surface BaodfictHeiki guehi edrgay tredhecedd ebwaadwarbagedusleyoir
25for a plurghkity of manifolds 50c and 50d situated at different
dept hs under "fhe surface 3a of said |iquefied gas to be fed. Wth the
gas injection beiag, th@rdeﬁampPEiospbﬁtth&t@ub%defbQW$aahsdmﬁkarent

hydrostatic h ro Leprese |n exa , %
S%by volune BFgggggggetE @l%H%%%an f%qd c%thg |gh€F%sesP fgl%

surfacel8a, Fﬁelﬁeﬁ&FH?ﬁ@d3@%)F@eePQWEédpp§%épnd@ﬁnt@E 5@@ka2 a

hi gher hydr ogbatierpr espuuealatyt be %B@uf albd190d diergatl oa0g I n this
way, i s .advant ageously optim zed

t he upward streamt er.at ed
and t hus SEtﬁQVBB ngﬁﬁﬁ?¥ éﬁﬁtgiagétﬁ§eﬁé§§08§ fRé9B&EN g If| Gi & are
t hus advant ageoushy optisi medoras aahunbbivongoh hbegh250fi bbi rg | evel

fo the ual | scor R taRR. Lo goPLrEal "bbPnEre 28 5Foffe SFaRREZArE

zones 15 the axis of the ship, as shown in Figure 4. The
manifolds are thus installed at a plurality of levels and
are secured to a vertical support 50, connecting the floor
2b of said tank to the ceiling thereof. They pass
through the tank 2 from one end to the other, e.g.

20 parallel to the axis of the ship, and they are fed from
one end at the vertical walls with an N,+CH, gaseous
mixture under pressure. Thus, it is possible either for
one of the manifolds that is situated below the surface
3a of the liquefied gas to be fed, or, advantageously,

25 for a plurality of manifolds 50c and 50d situated at
different depths under the surface 3a of said liquefied
gas to be fed. With the gas injection being, for
example, split into two flows at different hydrostatic
pressures, the first flow, representing, for example, 70%

30 by volume, is ejected at the manifold 50c that is closest
to the surface 3a, the remaining 30% is ejected lower
down at 50d at a higher hydrostatic pressure, at the
manifold 50d beneath 50c. In this way, the upward stream
that is generated is advantageously optimized and thus

35 the performance and effectiveness of the calming fluid

are thus advantageously optimized, as a function of the



. where, in the event of sloshing, large inpacts m ght 5 occur because
of the trihedral shape fornmed by the two vertical walls and by the
ceiling of the tank. In these zones, it 4° advantageous, as shown in
Figure 3, to conbine injections of gas m xtures and injections of
liquid nethane fl ows generated by nozzles associated with 10nmani f ol ds
40a- 40c as <$Hdvrinion 1Evigdr @4 then tamds @enskeresi thihee pastidsionshef said

conbi nati on ;@f; e dniVhaf13%3 JErkes dili ROSS Bl tugenelAat;: &/ &fapd arge
novenent s of TJI uid, and, due to the presence of gas bubbles, said

fluid is of very TSV eddmstds SFNGHS 2dufifc Fifakedht FABIE to
lﬁat t Ienuat evﬂié’r@]gﬁhbttﬂ% effent Eaf_gfs lmhﬂﬂma(lﬂéfgdﬁéﬁlbmmﬁl migst of

t he sl oshing ener ei ng r . C ressibili f. said
bUbbl 69 1 hal' SV GERAAtaq T A AR iy R HodiDg Yo
energy is tmensfigatedralito dmehtby |ItdealceMapyy atf arheoftartie. | iQuitthese
met hane cau Oa ;correspond j e i Nt | f seous
met hane ci rcu%zie%i’n&qj rﬁeoqpecdut:%néﬁgg’i %Ssteh%{bcyg{\;ﬁclgﬁgdgé/. ﬁ'l ntqflhe
enbodi ment  sieovaitien IFJREtE B @fplaaalnipyt wie s et poskas et s olfds
50a-50d ar e jadyaRt ageously A1 empriiadasy dgsaldbad wddsdefaranceg dio

Figure 4. 25In the enbodi ment shown in Figure 3, firstly transverse
hori zont%l SEFEdRE S & Westtls] ich VTerit et BHS re | bttt t he tank
by neans of saidd vipr f2dmiss SGhddiaposiecht ot hef Witd ivd eSl @ofs tiiskes
vertical |ongitudinal, side walls, and secondly |ocalized rizont al
streans are éjﬁso”\cﬁ%l héd i HE Sorners Cloq‘rgf% e'Fan e%tnﬁ yobpd#‘llébloés’ed
angul arl y nemdpardald edo tthhet lerdsomgid wdfi s divtdctdon sofid Heluiahkis of
towards a ve;,rat]hp - | .5, hald ;s way, 5 d | tudinal
direction of t eq%lﬁf&{@e?ggagl%nlgalagydi agolﬁéak})q%fﬁ%e‘tlatﬂ ogfé&r ect atn%ul ar
| ongi t Udhi nalath@miuadim #t3BxHet itdie effects Riglaes Brrar s shHuk Pccur,

continuous GassCW ai: AIsHihey edrg, [ngld Hsdheed ank.cidwever,

'tis pOSSIQS%pressibility of said bubbles that are generated in
this way. Since any such sloshing energy is transformed
into heat, local evaporation of the liguid methane causes

20 a corresponding increase in the quantity of gaseous
methane circulating in looped manner in the device.

In the embodiment shown in Figure 3, a plurality of
superposed manifolds 50a-50d are advantageously
implemented as described with reference to Figure 4.

25 In the embodiment shown in Figure 3, firstly
transverse horizontal streams are established over the
entire length of the tank by means of said manifolds 50,
disposed in the vicinities of the vertical longitudinal
side walls, and secondly localized horizontal streams are

30 established in the corners of the tank only, disposed
angularly non-parallel to the longitudinal direction of
the tank towards a vertical central axis half-way along
the longitudinal direction of the tank, i.e. along a
diagonal of a tank of rectangular longitudinal horizontal

35 section.

Figures 5 to 7 show a continuous gas curtain over

the entire length of the tank. However, it is possible



26 to provide a plurality of gas curtains spaced apart from one
another in the |longitudinal direction of the tank, by varying the
space between the nozzles 501 of the mankfold 50. 5In the description
of the invention, the devices are described mainly as being installed
on the walls of the tanks that are parallel to the axis of the shinp.
However, in addptrpeundedevptesadieyadfanbageaushyndi spasged apathe from

val I's of saig, ghaOKShEANSKOLRE! Yonbuguaif perpendionlarky 19 ek, oy

| ongi tudi nal axi s evi ces being
partlcularIyVéFYé@9|Vbelﬁpﬁﬁ@ b@éWﬁe@fth@s@naﬁé@Spﬁ@mo&én@h@u&amof©h@
ship pitchinggor surging. In a preferred version of the |nvent|on

i nst ead of 15t he nozz] es |nject|ng gaseous ni trogen or m xture of

ni trogen>and of nmeBh&RE, IEREY1PAfEEL Odi FBEt FPVERGEPE nFPﬁoé@Nléﬁs are
-196C (at noaaabrabarasmhemg REEBSHRG) ihBakliledsbar edel ka3pechki ehe

Tho di {1 usi onaobhmAl 51 B nRA L B ebPetibrnatHE PrqiPd SC4Fe I nto the
LNG Since tHeweNSrisiat addhtgher tempeeat are éd&ﬁﬁﬁagéoneﬂyaﬁlsposed
at ospheri ¢ presUr ghs gLt okhens Reataythe Liayld it ogen t hat

evapor at es Ile trans erring to "heat "of
evapor atPon. P?ﬁE@ndFﬁuﬂﬁF§Yp?éféhﬁeéoagvéﬂéﬂ@ﬁl §Kn§eXKh@fnthEOgénphs

transferred tﬁ@béedéb@cespgélhg hheel bautdcshate, LEtreeduitesnpipes
of smaller dlaneter than t he Ees necessary for conveying nitrogen

in gaseous foBYAFCI AfadAFPPBR St PgnPW§ﬁ§féPeoFolEpénﬁhHQaPlFPBﬁPEh@r
evapor ati ng sutgogen cools the LNG and 30limts the evapora¥|on of
said LNG correspo dlng ther by faci t managenent o

gaseous net hane t F¥éf Faeﬁaésrﬁé8ﬂ ﬁg égga?9vgggﬁ8p B t884 of
re-1iquépy othEondzzéeB tojeheingi paengimenfiorogse as fuelixtlhaespf
liquid ni troggerbgeﬁdgﬁat ageaueLYL@Nd AADL L AYaus] %3akebll saLed ! r om

the anmbient air y Sse aration rom oxyg romt us rare
gases, and tR&RTPEEN| REuUrdOAT Er 6gENNPENSY opEHOFRhEBAFCcREEdSUre) that

reservoirs, aBdstd¥ed in specific accessory reservoirs. Thus, the

gas arrives in the liquid state in the diffusion

20 manifolds and is ejected in the liquid state into the
LNG. Since the LNG is at a higher temperature (-165°C at
normal atmospheric pressure), it then heats the liquid
nitrogen that evaporates while transferring to the LNG
its latent heat of evaporation. Thus, in this preferred

25 version, since the nitrogen is transferred inside the
pipes in the liquid state, it requires pipes of smaller
diameter than the pipes necessary for conveying nitrogen
in gaseous form. In addition, this transfer of latent
heat from the evaporating nitrogen cools the LNG and

30 limits the evaporation of said LNG correspondingly,
thereby facilitating management of the gaseous methane
that it would have been necessary either to re-liquefy or
to direct to the main engine for use as fuel. Thus,
liguid nitrogen is advantageously and continuously

35 fabricated from the ambient air, by separation from
oxygen and from the various rare gases, and then the

liquid nitrogen is stored in dedicated reservoirs, and



. liquid nitrogen is tapped whenever necessary and sent into the
distribution manifold circuit, towards the tanks concerned by the

ri sks of undesired sloshing. In the presént invention, the LNG tanks
are bdescribed as being cylindrical and of polygonal section.
However, such tanks remain within the spirit of the invention
whenever t hé icnadss sigotdgeEm imluﬁdfpaech mmr;eganalnq@msdm andl sy ved

portion, cribe
under st ood tl%%t% s%%d%fgtculr v por taiﬂolr?{g%l %ﬁeng%p‘ﬁ%qgﬁ%n&
and geonet r iqsaldeynesl Pypoihrgett Bfs fqmuqréiaﬁeuré%;ﬁéldbal@ﬁ@ h, havi ng an

i nfini ty of si despfyanid,dengt hl.%l’vté}?ctlcﬁ{ e dipf ifhid a!a\h]éém&ue 28
CLAIMS 1. A ship or floating support for carrying or stori ng

liquid (B) &5F S H@e&’dlaﬁg being g—“é’]tlé}ﬂ?l@eﬁ #19 (ﬂﬁ PRI} i Of
l'iquefied gamwepreaf erallly wehnsen dnom Emaimaﬂe;heetetpmelrw oﬂortapsane

and but ane, .cool ecd in_said Iarg_1 t ank S‘thl'd Iar&béank hawvi n t
length di spde®iT Fhe g udiHal“ i $% PG het iy

bei ng pref ermbdtwocrylamijra cal raa pzﬁrtmrcus,s mdam:thfmi, |"®1ate>tamslte,l n
part pol ygo f e dn Ol.qngid,

t he ship, sg?.ld E%%%gné& tank ell nﬂﬁrﬁir ma %éﬂ%} r1Imat e %CZE%S OJahna((fO%E)JI ar ge
si ze wiltth atcyrezest qu§1§falqaé5t Qj|1n?é?ﬁﬂ m%h%malﬂdﬁta&}d

direction, idefR@lddicyiar, ids g ctheldag et erqdhanbZds Myt h,
preferably in the range 25 mto 5 and presentlng a 1 vol une

gr eat er thaﬁafd%@%n@é}lc?ysrﬁ 51 &t iy 's are
charact eri zechfimitdedty sadd Ireservoir is equipped with at | east one
attenuati on device for attenuating novenents of said |liquid and
conpri sing novenent nmeans (21, 22, 30a, 30b, 40, 50) for noving said
20liquefied gas liquid inside said reservoir so as to forma

hori zontal streamimredi ately bel ow the free surface of said
liquefied gas at least locally over a depth of at least 0.5 m and
preferably at least 2 m



252. A ship or floating support according to claim1l, characterized
in that said novenent nmeans for noving said |iquefied gas |iquid
inside said reservoir generate a novenert8 of said liquefied gas in a
direction that is not parallel to said |ongitudinal axial direction
of the 30tank, and preferably in a transverse direction (YY') that is
per pendi cul arLATMsai d | ongi tudi nal axial direction (XX ) of the tank.

3. Aship or, floatl support, for carrying toring 35l
accordi ng to cl aﬁn Egor C a?angjzng c%a?%g % ff)red&l)rn Tha sa?goﬂo%/tecr’r%lng

means for noMiqgicald Iarqiumcahedirhgu@l bérmlmlneamuublq@m for
ejecting flui S b
&h qun%lgfl ui ga ggfiéﬂ sa?fgf&@éw chOL G PELOR

chosen from con |st|ng d I'rquefied gas, and

preferably LMEGDaRe a YASEERAE f | RFPTSRIPrIBE Mgl Bfie nefPOHAS Hadsaid
preferably nidrogenaner (& gﬁawrxﬁ@@n&m F:.Qvi he ges pén§§1a| d

l'i quefied gas, contained in sai n the, gas S, st a
m xture of satPITHR tlr@at'sh%n]go %‘é‘%’dn@%é ]ﬁeﬂﬂa JaSous %?a’f]% shp
correspondi ngnd dodheg gaseDéraisi @ ¢y ledt ech Yasnd 108. croshi peotion

floating suppor! fOr,Cafiylng, oro2lorkbg,dLau dagcor dlpg, t o, any, one

of clains 1 char acteri zed gaseous streamis
gener at®e i nkdnpl wadthahndki bedohwn heXX F eecSuthacehop, sasdd| 1 gueti eank

gas, and pr @fﬁ%lﬁhéfﬂgiif 1@@&1&@%&Zpﬂcpfaﬁ@eo§5i§9%ea§92énwi@ﬁ at

vicinities o 2a) of the tank g | oati ng

support for ¥2®%YiHgs o?m%%%‘?%‘hgd}m%]WHO%ch%r%ﬂP%gh@ﬁlé% dhedbreet &Pt

1, 2, or 4, ﬂ@%@ﬁé@laﬁeﬂté nwicb.l@ﬁ saéﬂngjgﬁéa@@rnemls formeageti ng

I|qU| d or gaseous fl g}éd conprise £ ast ongopunp ég a, 53a).outside

sai 0 Lank, aReE HETPRRG OO TERIROT o br By Bea” Wit hRRTToGFBr hba3) Bs

(40, SC)Sandvabmmesgre@te& than 10,000 m®, said ship or floating
support being characterized in that said reservoir is
equipped with at least one attenuation device for
attenuating movements of said liquid and comprising
movement means (21, 22, 30a, 30b, 40, 50) for moving said

20 liquefied gas liquid inside said reservoir so as to form

a horizontal stream immediately below the free surface of
said liquefied gas at least locally over a depth of at
least 0.5 m, and preferably at least 2 m.

25 2. A ship or floating support according to claim 1,
characterized in that said movement means for moving said
liquefied gas liguid inside said reservoir generate a
movement of said liquefied gas in a direction that is not
parallel to said longitudinal axial direction of the

30 tank, and preferably in a transverse direction (YY') that
is perpendicular to said longitudinal axial direction
(XX'") of the tank.

3. A ship or floating support for carrying or storing
35 liquid according to claim 1 or claim 2, characterized in
that said movement means for moving said liquid are fluid

ejection means (40, 50) for ejecting fluid, said fluid in



.a fluid feed pipe (40a-40c, 50a-50e) for feeding said 25fluid and

di sposed horizontally beneath the surface (3a) of the liquid inside
said tank, and preferably at |east one 8 d feed pipe disposed in the
vicinity of the bottomwall (2b), said fluid feed pi pe being provided
with a plurality of ejection nozzles (41, 50-1) for ejecting 30said
fluid upwar dsiduowhrads itrheysaadecefdm theinereliosdn directa ol gu i@

vari ous suc ] pzzles, of : . J.eed; Di r i
spaced apart qlrslo&r/n%one ?n%%?groﬁ%aﬁ{%a t 0'.6%{ %%fn?%%%%%ﬁ%l y
by in the rdife Pinma I AUSSE [P fGNRE Fedt RipelEgri 4ms sl

S0a-50e) i s/ LiaPgsad dibddie, td@%@§&:&'ﬂ@§§érﬂﬁr§(\€a e gas of

preferably in t longitudinal direction (XX ), of said tank, and
preferably isﬁ’”tér:g“ﬁhlﬁ i G SEH DG e“?vﬁfzjocgptc%‘?ﬂf & gt WedtF s of

5the tank. gasddEhigrae fl@atd ngisuppordf fodiCarngnringyas atdrofhgsaid
liquid according tao.claim6, characterized in that said tank is .
provi ded w t%asaglﬁ} 8crhaﬁi <—’i/seo US5al d mani Ibﬁ%sspirbéplr%%itfﬁadtvﬁt T oC\)/\% %?ld
nozzl es (40,liSMefdieshasetl one bel ow another in a common verti cal

pl ane at different distances fromthe surface, preferably with one
said mani fold provided with a row of vertical nozzles (41, 50-1)

di sposek i n 4 heéd Aleitiay ffoathipoturprWal Fox 9T BF 1% o 1BTARKLI 8.
A ship or floahiing saRping oo Gy Vb OF SIHImHq ldgui d according
to any one of clains '1%%{? 7, ckbaracteriz,ed in that said tank,is

provi ded wi tH %t T D0 FiSy erferit Hedhs’ For Hovi 9 T Guet F et as® by
gener ati ng ayergweerell gaseois dd 04y ik el )t hes af kg aseoisce us £ asanid
preferably ext ing, i I i i ir i O f idt

preferably ﬁéégedfa&]g%l&p%’si%q?%é#%%%%ﬂ% anﬁér}(‘)r{%%akf%g%&?t s)éi%‘pdthe
verticals si denmldrsd (2a)thearidc helnse s ovf 25genetde i vyl asedus of the
curtains beigg,chosen fromanong: a) said fluid injection neans (50,
50a-50e) for

5. A ship or floating support for carrying or storing
liguid according to any one of claims 1, 2, or 4,

20 characterized in that said ejection means for ejecting
ligquid or gaseous fluid comprise at least one pump (51a,
53a) outside said tank, and at least one manifold
provided with a row of nozzles (40, 50) and consisting of
a fluid feed pipe (40a-40c, 50a-50e) for feeding said

25 fluid and disposed horizontally beneath the surface (3a)
of the liquid inside said tank, and preferably at least
one said feed pipe disposed in the vicinity of the bottom
wall (2b), said fluid feed pipe being provided with a
plurality of ejection nozzles (41, 50-1) for ejecting

30 said fluid upwards towards the surface in the vertical
direction, the various successive nozzles of the same
feed pipe preferably being spaced apart from one another
by at least 0.5 m, and more preferably by in the range
1l mto 5 m.

35
6. A ship or floating support for carrying or storing

liguid according to claim 5, characterized in that said



injecting fluid in the liquid state or in the gaseous state and
havi ng ej ection nozzles, preferably in a vertical direction, said gas
preferably conprising 309aseous nitrogen3oand h) i mrersed
heati ng nmeans conprising a pipe through which a heat carrier fluid
(30b) flows or a Joule-effect heater resistor in the formof a
IongutudlnalfeheaeﬁeeQSﬁape$uptabbe foe, hea&#ageandstateralggabéﬁlmg

said 35liquefjed gas in contact d, heater
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di rection (x&bygbtudnn@hedtraQSWenséX&rteof|salaftynbt saiddptafkrably
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that said Iongltudlnal Jout e-effect heater e IS an e ectrlc
cable (3Pa).t Otaﬁkshlp or floating support for carrying or storing
l'iquid according to any one of clains 1 to 9, 10characterized in that

said tank is_provided mntﬁﬁdlrect liquid ngvenent means consi sting of
a suction and’ del PULPy huhpOR8159t BIPRGEKI hGTi A2SEY 41 Pi GiePFed1gds
and for deliVegung atcurélaghﬁolzbatal6debhaeaytﬁezzbe iﬁlahaﬂvaa&ad

S ooy | ML 250 PUTBro0aBardl oh- dTLYSRL1PLORY! 2100 REOBELIEE (22

22a-22b) i mmersed ner
l'i quefi &@ gaBr©ﬁlée@awuthoeren©élndzzée5|éﬁo ahd) pdefppabllyonn helow

direction th@totﬁefotnpgréttﬁtnt9e§eteat05gétgdgea&l§f5§g goatgta

bel ow t he surface of the |iquefied sal d punp or sal prope
bei ng nount et SR %h?l%%?f%QEa)PFﬁf§H@Hiﬁ Wﬁhhe@nﬁssﬁédr@ﬁﬁﬂﬁoﬂﬁnersed
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nount ed1%o staule.vertically on an i nmmersed vertical support (20b).

11. A ship or floating support according to claim 10, characterized

in that said direct novenent neans acting
8. A ship or floating support for carrying or storing

liquid according to any one of claims 1 to 7,
characterized in that said tank is provided with said

20 movement means for moving liquefied gas by generating an
upward gaseous flow curtain (6), said gaseous curtain
preferably extending in a longitudinal direction of said
tank, and preferably in an axial position in said tank or
against its said vertical side walls (2a), said means for

25 generating gaseous curtains being chosen from among:

a) said fluid injection means (50, 50a-50e) for
injecting fluid in the liquid state or in the gaseous
state and having ejection nozzles, preferably in a
vertical direction, said gas preferably comprising

30 gaseous nitrogen; and

b) immersed heating means comprising a pipe through
which a heat carrier fluid (30b) flows or a Joule-effect
heater resistor in the form of a longitudinal element
(30a) suitable for heating and for re-gasifying said

35 liquefied gas in contact with said heater means, said

rectilinear element preferably extending in the



. 30by propeller notor-driven propul sion (22) or said suction and
delivery punps (21) are disposed in the corners (2d) of said tank and
are oriented to nove said liquefied gas 3In a horizontal direction
towards the central zone of said tank, preferably in each of the four
corners of a 35rectangul ar horizontal section of said tank. 32 12. A
ship or fl odtamy tsupperl diorecaroryi (KK or it orn nghe | gratsaeceE di ng to

clains 5, 8 ar[EQ:él]d(n cwa)ct isl;%ddi&ﬂ]pgt said |liquid novenent neans
a ifo

conpri se at ’C}least: ) a nman provided with a row of fluid
ejection 5 nozzles for ejecting fluid in the liquid state or in the

gaseous statg, Hrafeyabl yefode siecdididotd Bl b PaSeOUSI Mk rogen,
and resting on the bottomwall, or a pluraljty_of Superposed

mani f ol &5 pridVATdREt S 13 edpectd v &8 3 sl 19 HoxFt el (@%f%—o%ﬁf%tthe
vicinity of Hdwrarerdicamdntside vl dscofc tdebiankzo@and suitable for
form ng a gaseous curtain, preferably a curtain of nitrogen or of a
m xture of nitrogen and of gas corresponding to the gas of said
liquefied gas). enccHilp saiflditery smuvementfoearsractiingbysproped | er
15pr opul si on, (22 ' liverye:p 21),. fog sucking in
and deliver iqnlgcﬁg])acl1 %ﬁ?%%ie f%d@%gés&dﬁ%%o%%dyﬁﬁg%cﬁ %(; %’he f our

cor ner sLq 2d)clofrac ik ednik! tHat i 2ol et ahyubeev Heed 276kt direct

section, and Qi &Nted, SR@s doa®Veidest igyelf ed gasctonasss the
central zone_ of the 20tank, i.e. towards the vertical ce trgl axi s

hal f-way al GHy HFRFYE HIKTP af Dhg T3 THHRI | Thgf i hisuesd e (Joe )2nd
13. A ship ofodf |detiwg Ssuppiot tvidra cedryidge O SéDivagy [ hegkte (21a)
according tq any. one Of . claime 1 10,12, 25characterized in that said
tank incl udé& Mgt d&tite Sai " gas T et i on” neans (50)" - $ai d gas
preferddy qompilsimn gassoeslent (2Yem2antkla) gasméeeed devi seid 603nk,
for Teeding gas, i@, SAighgas. |4y ecli g, aeansy %Pﬁéf?é@g?aguiﬁ'geséf‘ad
tank, at least one liquid nitrogen reservoir (51), a 30first liquid
circul ati on jRifAZEqEIR) Euieablenf andaprfrably in a direction that

is not parallel to said longitudinal axial direction,
below the surfaéé of the liquefied gas, said pump or said

20 propeller being mounted on a float (20a) in such a manner
as to remain immersed permanently at a substantially
constant distance from the surface of said liquefied gas
contained in said tank, and preferably at a depth of in
the range 0.5 m to 5 m, and more preferably said float

25 being mounted to slide vertically on an immersed vertical

support (20b) .

11. A ship or floating support according to claim 10,
characterized in that said direct movement means acting
30 by propeller motor-driven propulsion (22) or said suction
and delivery pumps (21) are disposed in the corners (24d)
of said tank and are oriented to move said liquefied gas
in a horizontal direction towards the central zone of
said tank, preferably in each of the four corners of a

35 rectangular horizontal section of said tank.



said liquid nitrogen into a first heat exchanger (52), the heat
carrier fluid of which is seawater, said first heat exchanger being
suitable for gasifying the liquid nitrogen stored in said reservoir
(51) before it is sent 35back into said horizontal ranps having
vertical nozzles (50), a gas separation unit (53) suitable for
separaLingdthg.rEn@Nepgaseﬁusaﬂiﬂgusepbéﬁt tbat chsryengved EE@glﬁQid
33 tank an onpriLsin seous nitrogen_ang sai S cprresponding to
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e g 11 0K St 0asabfl; 83841 DLEG1A0R, HRLKI 0! 08,(80) e11d- oAeBPL By
or floating support for carrying or storing liquid according to clarm
13, charact erPzedes nfehatlsardngaslreddideviheel {@B}df aEeheror in the
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nitrogen |iquefaction unit 55a% and/or a lrquefaction unit for _

li quefyi ng sF GrGAE cotteshoRting ?0 SAPdPPFHOBT 'R d! gasST (858} Ur#hitK
units are suofabhpetpose@-haguedtydsgprespacti wety trbepdttiogenoVt of

sai d gas befor endi it .respectively into 15sajd nitrogen .
resergoir (5§?§%$e?né§9%é%%cfag %éf.vyiﬁﬁlgysﬁ?pkg? Y?ﬁggFﬁé gﬁ%ﬁort
for caritQingvatlstofingel tgukd acdosdingble tbai frtdinghargeteriized
in that said.gas.{ged,fdevieen{$0) FYrt £h 89”H££§8§Fﬁqbkq8§fQC&EQEudQ

unit for liquefying said gas correspon g to said uefied gas an
constituted By AlsEeasnd MedtExERangerreSRPNF AR\ 5edtha grgupd said
ni trogen insidgusaiddirgeser vehg co-operating with a circulation punp
(53a) suitable for, causing.said gaseous nitrogen and sa#d quuegﬁed
gas (3) 25to circiPat@in PrpestrBSperERiel§eFecdrhydaPyd REAPFOILEE
(50) andssaigdrdpnks{@). (216.cA sactien shdpdelitkegt pugpsuppolt for
according to im 1 r i in_that.said.tank i.s provided, .
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from anzout stdek | eseevotbwatdsatHe seeppdchi queht £619a8i sSBLUF -way

along the tank, along its middle longitudinal axis (XX').

13. A ship or floating support for carrying or storing
liquid according to any one of claims 1 to 12,

25 characterized in that said tank includes, inside it, said
gas injection means (50), said gas preferably comprising
gaseous nitrogen, and a gas feed device (60) for feeding
gas to said gas injection means, comprising, outside said
tank, at least one liguid nitrogen reservoir (51), a

30 first liquid circulation pump (5l1la) suitable for sending
said liquid nitrogen into a first heat exchanger (52),
the heat carrier fluid of which 1s seawater, said first
heat exchanger being suitable for gasifying the liquid
nitrogen stored in said reservoir (51) before it is sent

35 back into said horizontal ramps having vertical nozzles
(50), a gas separation unit (53) suitable for separating

the remove gaseous mixture (56) that is removed from said



- 34 injection nmeans conprising at | east one said manifold provided
with a horizontal row of vertical nozzles. 17. A nethod of
attenuating nmovenents of liquid in said33 tank of a ship or floating
support according to any one of clains 1 to 16, said nmethod being
characterized in that a horizontal streamof liquefied gas is

est abl i shed tsellowrtche s fisciond I@safusaiidtagpn drrovesaiad degpg h of at

l east 0.5 mc%ﬁo‘%{ﬁ 1y Q2588 14 fizecingfapsy :grire&lié é@édasg”é@ate,
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50a- 50e)° as teét iSfed iR anyR i SR AR 5% ol F)) 19. A net hod
according to claim 18, characterized in that 20said manifol ds
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than sai d seeand ldmpefiiathigas.for re-liquefying respectively the
nitrogen or said gas before sending it respectively into

15 said nitrogen reservoir (51) or into said tank (2).

15. A ship or floating support for carrying or storing
liquid according to claim 14, characterized in that said
gas feed device (60) further comprises a liquefaction

20 unit for liquefying said gas corresponding to said
liquefied gas and constituted by a second heat exchanger
(54) immersed in liquid nitrogen inside said reservoir
co-operating with a circulation pump (53a) suitable for
causing said gaseousg nitrogen and said liquefied gas (3)

25 to circulate in pipes respectively feeding said manifolds
(50) and said tank (2).

16. A carrier ship or floating support according to claim
12, characterized in that said tank is provided, inside

30 it, with injection means for injecting a fluid consisting
of a second liquefied gas suitable for evaporating in
contact with said first liquefied gas contained in the
tank at a temperature greater than the temperature of
said second liquefied gas, said second liquefied gas

35 preferably being liquid nitrogen, preferably coming from

an outside reservoir of said second liquefied gas, said
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injection means comprising at least one said manifold

provided with a horizontal row of vertical nozzles.

17. A method of attenuating movements of ligquid in said
tank of a ship or floating support according to any one
of claims 1 to 16, said method being characterized in
that a horizontal stream of liquefied gas is established
below the surface (3a) of said liquid over a depth of at
least 0.5 m, and preferably of at least 2 m, by ejecting
liquid and/or by establishing a gaseous stream,
preferably an upwards gaseous stream of gaseous fluid

comprising nitrogen.

18. A method according to claim 17, characterized in that
gaseous nitrogen is injected into said manifolds provided
with rows of nozzles (50, 50a-50e), as defined in any one

of claims 5 to 8.

19. A method according to claim 18, characterized in that
said manifolds provided with rows of nozzles are fed with
gas by a said gas feed device, as defined in any one of
claims 12 to 14.

20. A method according to claim 17, characterized in that
a second liquefied gas, preferably liquid nitrogen, is
injected into said manifolds provided with rows of
nozzles (50a-50e), said second liquefied gas thus being
ejected in the liquid state into said first liquefied gas
contained in the tank, said second liquefied gas
gasifying and thereby generating an upward gaseous stream
inside said first liquefied gas, which first liquefied
gas 1s at a higher temperature than said second liquefied

gas.



