WD 2011/ 129770PCT/ S&2011/ 000145 1 Liquid Stabilizing Device Field of
Technol ogy The present invention relates to a device for stabilizing

i qui d combabnedsi7n a tank, nore particularly but not | ipairtsedotimpoilss quefi ed
natural gas (LNG tanks, so as to suppress 5sloshing of the liquid in the
tank. Background Being the cleanest anpRg fossil fuels, the use of natural
gas has rapidly increased as an inportant energy source globally. Inits
liquid state at approxi mately.-1 |ed natural gas (LNG is
easier to transport and stor ﬁ%t?]‘?t"}' Qs 9&?3 To neet the grow ng
demand, many LNG ships and term nals have been built. For exanple,

Si ngapor e Fieldof Techplogy NG t ermi nal costing about S$1.5 billion. There is
a trend towards the use of nenbrane tanks:instead of self supporting .

st or age . syJhepresentinmntiod uelates tt halelvige tfort statiilizrgniimuicheortaiméds inug faink zwortehe

hul | shape nore efficiently. 15Maxim zing space utilization is an inportant
desi gn congpadieulatly dot hotr limited tedigeéfied Gened ghab (| NE&) rarksy saneast topsuppaess of
prismatic shape is nore conpatible with the shape of ship hull than other
shapes 3uchloalsing phtbediquidtirethedank.of bui | di ng a menbrane-type LNG ship is up
to 160-200 mllion US dollars. Lower cost of sea transport and re-. 20
gasification plants has al so hel ped to boost the manufacture of |arger LNG
carriers with larger LNG tanks. Good thermal insulation is required to

m ni m ze t Backgsindf LNG t hrough evaporation. The insulation wall of the
tank typically consists of two | ayers of nmenbranes and two | ayers of :

i nsul at i onBewehé aleanestianonghfessilfoels, testseldyeturdlegiandnaa rapigiginaséasedsr ane.
WO 2011/ 129770PCT/ S&011/ 000145 2 Considering the large size of LNG tank,

sl oshi ng i anampartantakhgrgf i dduext ghobhllyduni ity ligaidg$tateeat @ppiosimatelyn H¥28Cver e
and can cause danmage to the thin nmenbrane layer. In particular, the violent
sl oshi b mioqesfiedtnatdralf gase (LING)f iacasiendo naesmpant end store than ipnitsgas statenclicease
fatigue and is detrinental to the nenbrane tank. If unchecked, sl oshing
woul d meet the growing demand, many LNG ships and terminals have been built. For

example Slngapore is building a LNG terminal costing about S$1. 5 blllron There is a
. trend towards the use of membrane tanks instead of self supportrng storage systems,
marnly due to the fact that membrane tanks utilize the hull shape more efficiently.

15 Maxrmrzrng space utilization is an rmportant design consideration for sea vessels.

_Generally, a membrane-type tank of prismatic shape is more compatible W|th the shape
of shrp huII than other shapes such as sphere. The cost of building a membrane—type
LNG Shlp is up to 160~200 mrllron US dollars. Lower cost of sea transport and re-
20 gasrfrcatlon plants has also helped to boost the manufacture of larger LNG carriers with
| Iarger LNG tanks. Good thermal insulation is required to minimize the loss of LNG
through evaporatron The insulation wall of the tank typrcally consists of two |ayers of
membranes and two layers -of insulation materials, with the inner most layer belng a
Iayer of membrane.- |
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5 also contribute to the instability of the vessel in severe sea states.
Due to the increasing need for larger LNG tanks and greater flexibility in

oper at i onyolbfy/R6PR! em of LNG sl oshing, particularly inppgiichédilovoilss! | ed
tanks, has to be addressed to reduce its effects in terns of damagi ng the

tank wall and adversely affecting the vgssel stability. 10There are several
patent applications proposed to solve tfe sloshing problem exanples are

WO 2009/ 072681 and- JP20090186 t ent I 2009/ 072681
filed by JF%H“% Q%g@)f‘ it‘r@gﬁfzr‘?goqu\lé @r@(es'P R0 e it |c§ eéf fwé“%uﬁag v%‘tﬂz‘
space of LNG tank |nto several small|l conp rtrren& t QW’ ab | Ih

sl oshi ng i Be2 M08 12N b SAYRIF(3RInEan §all's§s aradR 1 e K1 imem! rap% ?yghk " This
of bl khoaBR g S0 pa einaERaTPrERteh GoE ke Fee s e ox el e wpofG
tank into | eft d ht d | oshi Th t d
to fasten IREBEIAIREANE MEmEMeLe (hCHATFE® 'p@ﬁ@v DeokeSeshiRs wahoe: ©
the d t at ficat.

Struct of o ARG FAERHS PUPERBFABIE. Of 'r;s'ﬁ% H PR e o BE Bt tme“h
th t h fi h

e SUPPOT LD ot LR S pble oty Bierelgh fr b aBRls o
JP2009018608 fil ed by Shinkjch 2009 t ate LNG, 25s| h b
keepi ng prrgﬁa%m%%tﬂe%«% RS | Bhge Aot Sh P d%ﬁess%i fediedi iy ™
fill I f th L K kept at th
05 per aent SBFCtE RSP ARTHOTE S Gt o s h A esing ERapre gtrgﬁ‘tﬁ he
menbrane-type tank to recover the level to greater than 95 percent of the
tank height. The special tank is of spherical shape and is hence better in

coping wth sloshin tic tank t hi s desi qui res
the add®ti Jﬁer@f ae §‘%H fcpéltterga%?@"& AN a? ?Pg‘b‘t fth%as[k?sgwgmpg%rhjérﬁ, s
structure or out pi ping systemis required to
transfer Lﬁl@'t"? W@%&%Ggﬂéf‘iﬁgg‘?@q?@% to the special spherical
tank. The present i nvention pr oposes a solution for stabilizing the liquid
cont ai ned |n a tank while alleviating at |east one of the problens above.

10 _ Inthe patent apphcatlon WO/2009/072681 filed by Jin (2009), sloshing is to be reduced
by separatrng the whoIe space of LNG tank into several small compartments. The |dea
15 is that sIoshlng in each small compartment is less severe than in a big tank. Th|s
deS|gn reqwres building partition walls inside the LNG tank, and addition of bulkheads
and stool parts Each bulkhead partltlons the space of LNG tank into left and rrght
spaces to\ reduce sloshlng The stool part is used to fasten the bulkhead to the first
insulation Iayer of LNG tank. Hence, the design necessitates significant modification of
20 the tanks structure and layout. Furthermore the partitioned walls in contact wrth the

supportlng ship hull will cause significant thermal leak problem (i.e. heat transfer from

external to internal).

The.pateht application JP2009018608 filed by Shinkichi (2009) aims to mitigate LNG |
25 sloshihg, hy keeping prismatic tanks under the fully loaded condition. That is, the ﬁlling
level of the membrane-type LNG tank is always kept at greater than 95 percent of the

tank_.heiéht._When the filling level decreases, LNG stored in a special tank will be



Summary of Invention In general terns, the invention provides a liquid
stabilizing device to suppress sloshing 15by confining the liquid free
surface wwoentazdtoati ng baffle and a constraint to prevemsceha/obabifl e from
nmovi ng uncontrollably. In a first aspect, the invention provides a device
for stabilizing liquid in a tank, the dqvice conprising a baffle arranged
to float on a free surface of the quuig; and a 20constraint for coupling
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whil e pr ev?ogtbisgﬂa&gﬁgggﬁ%gagy omrotating with respect to the first 10

end; and a ed to an anchor, said anchor point nmay be at
the bottomof the tank or the tank walls or other internal face of the
tank, or other such convenient reinforceable |ocation so as to prevent

ikt mg. motbeParegt BunerdRoass Bridtiey for S@afirdg WL A BAMARES b a i
while alleviating at least one of the problems above.

10
Sumniary of Invention

In genefal terms, the invention provides a liquid stabilizing device to suppress sloshing
15 - by confining the liquid free surface uhder a floating baffle and a constraint to prevent

the baffle from moving uncontrollably.

In a first aspect, the invention provides a device for stabilizing liquid in a tank, the
device comprising a baffle arranged to float on a free surface of the liquid; and a
20  constraint for coupling the baffle and the tank so as to restrain the baffle against tilting

relative to the tank.

When floating on the free surface of the liquid, the baffle may be partially or fully
submerged in the liquid. -

25



15first ends connected to a plurality of points on the baffle so as to
constrain the baffle in substantially the horizontal plane. The constraint
may furt heo 200mppizee hei ght adj ust ment neans for adj ust ipag/scherloengs h of
the cables so as to adapt the baffle to different level of liquid. 20 The
hei ght adj ustnent nmeans may, for instange, conprise a device to allow

adj ust nent of the second end of the cables fromthe anchor point. Such a
devi ce may e . rni |

cabl ot one ' UaRY SndalhOfis RS ek Eea BrEctRTaRet B iRy DeechtBfstupn ©

tsggog? fﬂg”{Of %c%grt]éal %ral?ri ﬁénﬁ@?@ﬁﬁ ;Ern%{/%%eﬂ o?ﬁw%pl?afﬁéjf |Il+\lltﬂb& Ql.?chbﬁta{ |a‘?er%lort he

ust men nmeans a devi ce
pulling the seco omthetop of thetank WO
2011/ 129776%&?%@6&??%%&?%‘5%8ﬁwhgesff%rd enbodi ment, the constraint nmay
further conprise auxiliary cables . anchored at the top of the tank or other
tank walls so as.to fIX the baffle in position, thereby |imting or

prevent} “gggﬁﬁ%b@iér@ arl n%nﬂr(l?\llqér’hérn%a% M}ﬁeehaﬁ%rsfoaﬁ:ee wﬂﬁeot gﬁgtﬂg‘?B?fﬂé %ﬁl engt h

fourth &b i xed-

cabl es havbQ%ﬁé\)ehféﬁ f?o%j?n %fctlrfdaﬁ\% SElvnrpeGLad to a pI ural i ty of points on

one baffle er en TSt set of cables are connected to
anchor points on the bottom of the tank, whereas the other ends of the
second set of cables are connected to anchor points on the top of the tank.

In this en‘ﬂqog 'ﬁF&?Q 8{:1 h’%np Qh% k&%tr‘gﬂ\g nfa:yxc%%drlge Qchiihlhb %ﬁlﬂer%@mé% ﬁrgt]r%d and

no adj ust nen e"two sets o es al so
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conprise a rretal frame. Interstitial space in the frame may be fllled vvlth
rraterlal of density |ower than that of the I|qU|d Alternatively, the flat

menber rf? S&Jndgé@%nse%ﬁ tthg\flhﬂgg Hentler Mo nep??@é E\ILHIlﬁﬁllt f% Mirgh the

liquid may oW an ently Ssi pate l'ystyrene pl ate

W th mF% al ik 3N%s c%ﬁ@ctfeg rt%; ?Eiflurgﬂf/ 'of*‘bblﬂ@ mhe'b'%ﬁie%ea%\’&h?tlralpﬂé béfe S

distinCt froma si
substantially the horizontal plane.

The constraint may fhrther comprise height adjustment means for adjusting the length
of the eal;les SO as fo adapt the baffle to different level of liquid. | |
20 | o | |
The height adjustment means may, for instance, comprise a device to allow adjustment
of the second end of the cables from the anchor point. Such a device may include a
» block and puIIey, a rope clutch turning block or a cable tensioner. The anchor point
may. comprlse a pulley directing the second end of the cables upward through an
25 aperture in the baffle to the top of the tank; and the height adjustment means

. comprlses a dewce for pulling the second end of the cables from the top of the tank.”



Effectively, the tank area is divided into several sub-areas, each of which
w Il have a baffle for stabilizing the liquid. This will reduce the cable

t ensi on awo wtigi2ei7ee. This WO 2011/ 129770PCT/ SG2011/ 00@t4sca0ambeds nent
may be particularly useful where the tank is very large, and so avoi di ng
the need to construct a simlarly largegbaffle. Brief Description of
Drawings It will be convenient to further describe the present invention
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the invention. Figure 2Ais a top view of the device and the tank shown in
Figure 1. 15Figure 2B is a section view of the device and the tank al ong

et o alH Sy U BTN SR TR o
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according tof%e?e%g'si 5fqh§ Hl%?glétrg?%blg; altehé%nhgc\./tgg'ic; Sfkhor points on the bottom of the
tank, wﬁereas the other ends of t.he second set of cables are connected to anchor
points on the top of the tank. In this embodiment, the baffles are fixed in position in the
10  tank, and no adjustment of cable length may be required. The two sets of cables also
prevent the baffle from hitting the intern.al surface if the motion is large under extreme
condition. | |;‘1 thié alternative of fixed length cables, two or more baffles can be used in:
the éame tank' if necessary. In this case, the baffles can be parallelly pIaCed_ .and
conneétea with éables providing preset gap between one another.
15 |
The bafﬂt; may be in the form of a flat member. It may be of a dimension covering a
substanti;l boﬁion of the horizontalbcross-section area of the tank. More particularly,

the baffle iﬁay cover approximately 50% of the free surface of the liquid.

20  The flat membber may comprise a metal frame. Interstitial space in the frame may be
filled with material of density lower than that of the liquid. Alternatively, the flat member
may be a framed mesh having an array of apertures through which the liquid may flow:

and consequently dissi'pate energy, or a polystyrene‘ plate with metal frame.

25 A fuﬁher variation may include several baffles as distinct from a single baffle.
" Effectively, the tank area is divided into several sub-areas, each of which will have a

baffle fo'rv,.stabiliz-ing the liquid. This will reduce the cable tension and its size. This



WO 2011/ 129770PCT/ SG011/ 000145 7 Figure 5 illustrates the flow of the

|l iquid under the effect of the liquid stabilizing device shown in Figure 1.
5Fi gur es WA wo/BH77ar e snapshots of the |iquid bei ng exciptegcamd®ooMar i ous
experinmental conditions. Figures 7A and 7B are waveforns of the pressure on
the bottom of the tank under various experinental conditions. 10 Detail ed
Description of Enbodiments A constrained floating baffle (CFB) according to
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10  Figure 1 is a perspective view of a typical LNG tank and a liquid stabilizing device

according to a first embodiment of the invention.

Figure .2A‘i's‘ a top view of the device and the tank shown in Figure 1.

S A T

15  Figure ZB is a séction view of the device and the tank along line A-A’ of Figure 2A.

Figurev3 éﬁoWs an example of the construction of the baffle.

Figufe 4A shows an arrangement of height adjustment means according to a second

20  embodiment of the invention.

Figure 4B shows an érrangement of auxiliary cables as well as height adjustment

means according to a third embodiment of the invention.

25  Figure 4C shows an example of baffle arrangement with fixed length cables acc'o’rding
to a fourth embodiment of the invention. In this figure, two baffles are shown for

illustration.



8 shown in Figure 2A, and Figure 2B shows a sectional view along the |ine
A-A of Figure 2A. The baffle 10 may be nmade of suitable material with

suf fici enwobifff2mees and strength. It 5 nay be nade of eolris¢20miesissl or a
shell filled with air or light material so as to achieve an effective
density less than that of the liquid. This allows the baffle 10 to be
partially subnerged or, if deenmed beneficial as an alternative, fully
subnerged bel ow the free surface in the liquid with the constraint provided
by cabl es 20. 10The geonetry, dinension and material used in the enbodi nent

etual appridhtk PaRRuRs the ot o s Ru oer B oY of P ERSAEIARG 8

pl ate-1ike ﬁaffl .10 f1I' oating on the free surface is constrained at four
poi nts of CHEVBEYFPYCT0 via cables 20 to an anchor point 30. 15The term

cable may refer to wres, chains or simlar tension |lines. The anchor point
30 may be a cable holder, or stub, or nore if required at the bottom of the

Fros sob s aEitPes' 0BT B Fente e [RTOUNR Al Grohf AL Spbifiahiefl. .

necessary concﬁttrai nt to prevent the baffte 10 fromtilting caused by the
ri se of Ii&ﬁri' 'AP-a side of the tank. In the neanwhile, it also prevents
the baffle 10 fromnoving laterally uncontrollably and hitting the sidewall
4 of the tank as well. One exanple of the baffle is shown in Figure 3. In

bet veen nEWSATS (8 6 ot Revammitdr EhRbHAR o rERath, A heSiehRRAGE:

occurs. Hence. the dinension. the floating baffle 10 is smaller than the
hori zont al VE?%‘?&"EEWP?@‘ E{%ongrt@és'of the tank 1. The baffle 10 have a

suffi cmznt WO 2011/ 129770PCT/ SG2011/ 000145 9 di nension to cover a
substantial portion of free surface of the liquid, or the horizontal

cross-sect%@%Ledaﬁgsacr%&ﬁ‘gﬁéﬂg&iw§ﬂgés to suppress sloshing of the quui d

effectivel an ex ating baffle is a rectangul ar plate of

' gura oA HRIEORTRY lnd (EFBR asforifff TnePh et b [RAugE i 0
o more. tnARCEHER I ERBR oMeTiRahb b5k i eplea R, S AROREHRoRAR SRR O

t he material used so as to have an overall density |lower than that of the
LNG for making it float on the surface. 10Liquefied natural gas (LNG
consi st1§ primarily of methane (CH4) which has a boiling '

A p;ismat‘iciln_.NG tank 1 comprises' a floor 2, sidewalls 4 and a roof 6 all forme;i of
inéulétioh wall. The Width and height‘ of a LNG tank may be around 30m. The insulation
wall may be formedbof a primary' membrane, a primary insulation layér, a secondary
mehbrane and a secondary insulation layer. Each membrane is made ffom Invar;steel
20 sheét of thickhess of 1 mm or less. Thve insulation box is typically made of plywood and

filled with perlite. As an example, the total thickness may be approximately 0.5m.

The I'iquid stabilizing d’evice may comprise a baffle 10, and a constraint, in this cavée a

plurality of cables 20 connecting the baffle 10 to an anchor point 30. The cables 20 and
25  the anchor point 30 forhs a linking member of the constraint for exerting a force on the

baffle agaihst tilt movement of the baffle or undesired large motion relative to the tank 1.

The Iinking member connects the baffle 10 to the tank 1. A top view of the device is



poi nt of around -162C. Thus, another design consideration is the materi al
for constrained floating baffle to provide sufficient stiffness and

st rengt h woderi/eyyogeni c tenperature. As an exanpl e, al rorsemwalobeysi s used
since this material has relatively stable physical properties in a

cryogeni ¢ environnment. Al um num al |l oy y be used to 15construct a frame or
the outer boundary 12 of the baffle 10 as shown in Figure 3. The density of
LNG i s roughly 0. d ' UL &y ~{OF: ure
and conpos ‘%h'n Fql%tgg nt g’ﬁ‘?f%{’ %@é}l‘bfcsg%&@b Qltq' h%P%tQﬁ g}ﬂf‘erl ra'&'rrg‘ 8&'@%&
boundary léAmayA be filled with Ii ght materi al having a density |ower than
that of the&™ 20 liquid, such as foaned polystyrene. In this way, the
overall density of the constrained floating baffle can be designed to be

| ess than the density of LNG so that it would float on the free surface of
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< connact BT Fv%ﬁgﬁchorh”ﬁs&h@a%ﬁ%e Sl °%2"dn3f renber mmy be

rotatable with respect to the anchor point 30. In a still further
alternative, the constraint may conprise a rod projecting upright from 10
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1500nstra| I i nst any
further ?%r}sgf%heﬁ R auf B0l R B0 8V BRs BRe BAEELFort Tthe 1iquia

15 The term 'cable may refer fo wires, chains or similar tension lines. The anchor point 30
may be a cable holder, or stub, or more if required at the bottom of the tank, preferably

on the roor 2

The floating baffle 10 forces the 'quuid free surface to conform to its flat shape. The
20 cables 20 prowde the necessary constraint to prevent the baffle 10 from tilting caused
by the rise of IICIUId ata S|de of the tank. In the meanwhile, it also prevents the baffle 10

from movung laterally uncontrollably and hitting the sidewall 4 of the tank as well.

One example of the baffle is shown in Figure 3. In the design of baffle 10, one
25 conS|derat|on is to avoid the lmpact between the baffle 10 and the sndewal|s 4 of LNG
tank 1 wheh sloshing occurs. Hence, the dimension of the floating baffle 10 is ém'a"lier

than the ‘hohzdntal cross-sectional area of the tank 1. The baffle 10 have a sufficient



I'n practice, the insulation wall of the tank cannot provide perfect

i nsul ation, and so the liquefied natural gas is constantly boiling during
t he voyagwo 20ypi2eabl y, an estinmated 20 0.1% - 0.25% of the/scasgmocanverts
to gas each day, depending on the efficiency of the insulation and the
roughness of the voyage. Thus, in a typgcal 20-day voyage, 2% - 6%of the
total vol une of LNG originally | oaded may be lost. In addition, the depth
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stub 10and mﬂg Eﬁﬁlt&'ggtfh%%gﬁg appr oach, if adjustment from t he tank
elF

bottomis h \ spacée constraint, it can be done fromthe tank
top. As illustrated in Figure 4A, the anchor poi nt may conprise a pulley 32
directing the second end of the cables upward through an 15 aperture 40 in
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An exanpl e “arrangerrent own T n e anchor poi nt on top

the tank ng%\kgeorg}gfslcgﬁprﬁggﬂﬂ%s fa gﬁ/ géﬁ@%tﬂn%nte?@ AERMh 5’![2)? Riy B@‘ésé’dﬁﬂ | Pary

cabl es 50
15 construct a frame or the outer boundary 12 of the baffle 10 as shown in Figure 3.

The denSlty of LNG is roughly 0.41 kg/L to 0.5 kg/L, depending on temperature
pressure and composmon The interstitial space 14 of the metal frame or outer
boundary 12 may be filled with light material having a denS|ty lower than that of the

20 Iviquid, such as foamed polystyrene. In this way, the overall density of the constrained
‘ floating. pafﬂe can be designed to be less than the density of LNG so that it would float

on the free surface of LNG.

Based on the geometry and the size of the tank, various different design of the floating
25  baffle 10 could be used; and variances of the constraint are also possible. Depending

on the ac_t‘ualtly shape of the floating baffle 10, it may be more proper, or necessary, to



25 20. If the liquid depth is low (sloshing is insignificant) and the
baffle 10 is near the tank bottom the I engths of cables 50 are fixed so

t hat the wef2biei2wi7bl not be in contact with the tank boPrtemG201M@00145

2011/ 129770PCT/ SG2011/ 000145 12 Besi des adjustable baffles, fixed baffles
at preset positions can be an alter natiy(gz whi ch avoi ds the need of cable

| ength adjustnment. Figure 4C illustrates an exanple of the arrangenent. Two

cortain GapoRRebaRYARRe By br et P8 7S i Bre betag 60 Ml bl o1

50 are anchqr at, the bottomand top surfaces of the tank respectively.
The verti cgp"@gsﬁat"iefﬂ'ns of the two baffles can be preset such that ‘the

sl oshing waves at any filling depth can be optimally mtigated. For
example, filling depths from10% to 70%1 (where His the tank height) are
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side of the tank to the other side, and rises in the other side of the
tank. However, the surface of the constrained floating baffle 10 causes the
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15 constra.in“thl ma)‘l. also exert another force on the baffle 10 against any further lateral

movemént of the baffle on the free surface of the liquid.

In prac;.t'i.ctla', ihe ihsulétién wall of the tank cannot provide perfect insulation, and so the
liqu.efied natural gas is constantly boiling during the voyage. Typically,' an estirﬁated
20 0.1% - 0.25% of the cargo converts to.gas each day, depending on the efficiency of the
inéulatioh and the rdughness of the voyage. Thus, in a typical 20-day voyage, 2%.‘-' 6%
of the total volume of LNG originally loaded may be lost. In addition, the depth of LNG

would vary-to facilitate ’greater flexibility in operation.

25  Accordingly, the cable length should be adjusted to allow the floating baffle to adépt to
different level of liquid in the tank. In a second embodiment of the invention; there is

provided a height adjustment means for adjusting the length of the cables so that the



5 baffle in a rectangul ar tank of plan dinmensions 0.53 mx 0.4 mand hei ght
0.6 m The tank contained partially filled water, which was dyed for better

vi sual i zaxypop11/18eedept h of water was 0.3 m The constr achRd20119981459
baffl e was made of Styrofoam and constrained by steel wires having a

dianeter of 1.5 mm and with a di mensi of 0.26 mx 0.335 m 10 The cabl es
or wires were anchored to a Perspex stub on the tank bottom by neans of

hooks. The hook connectjon _was, adopted in t e rinmental study.fo

st of tysie gﬁﬁlgd%@f@'fno%uﬁ%ﬂy E%@af gveny o SERE, rap s sulbe g 11
connection cou e erent and can he.covered he .s i,nsul ation
mﬁteri al aBeigbiplithehafie Arg "I’l%%"ﬂl%‘ﬁ% %alvla”?tffnffﬁr%aﬁisga/'?ﬁ%?wgﬁel%’Meolw%tt'{yne of
the experinental case, a piece of Perspex plate was added on the top of the
baffle as @Al a¥GEEONFHEY!S while in another experinental case, the .
constrained floating baffle was provided without the added plate. The mass
of the baffle is hence adjustable 20in the experinental study. In order to

SR ARl S G
ZQSi :1a'?1i"'n ona%frgmu%‘ﬁ?ncﬁgooﬂtémptﬂ? ?g Fﬁgfl tgfrf‘?{g(?%fﬁs '&%{%&ec{/\'ﬁ?ﬁ&{rﬁgi‘ thet ank
o D Seiib i n Mol i Bl
A e TR B
oo PSR B o 58 A PR DA

' Casdd 1, SHBWEN A vas used. Flgures GA and 6B are snapshols of the

liquid without baffle under excitation anplitudes of 2 nmand 4 mm
respectively. The liquid sloshing notion was |arge.

Ina sedohd approach, if adjustment from the tank bottom is not desired due to sbace
consvtraiAnf‘,l if can be done from the tank top. As illustrated in Figuré 4A, the anchor F;oint
may comprlse a' pulley 32 directing the second end of the cables upward ‘through_an
15  aperture 40 in the baffle 10 to the top of the tank 1; and there is provided a means for
pulling .th'éw sééond end of the cables 20 from the top of the tank 1. The cables 20 }‘;nay
be'Ioc.kec.l.‘,at ihe top. The presence 6f relatively small hole in the middle of constréinéd
floati‘n.gv”tlavafﬂé 10 wéuld not compromise its effectiveness since sloshing mot_ibn is
' |arger ét the sides than the middle. |
20 o |
Auxiliary cables anchored at the top of the tank or other tahk walls can be used to
| prevent the baffle from impacting the inner surface of the tank. An example
arra‘rm..g'c;n;;nt is showr-\'in Figure 4B. The anchor point on top of the tank may ’c'om;;rise
a pulley 33 directing the seéond end of the auxiliary cables 50 upward, similar to cables '
25 20.If tHe ]iqUid depth is low (sloshing is insignificant) and the baffle 10 is near the tank
| bottom; the lengths of cables 50 are fixed so that the baffle will not bé"i'h“b?nftéc{fﬁt"ﬁ .

the tank.bot_tom.



10 In Case 2, a floating baffle was used but not constrained. Figures 6C
and 6D are snapshots of the |Iiquid under the effect of an unconstrai ned
f1 oati ng wef2biei2emder excitation anplitudes of 2 nm andpéTvmeaspeati vel y.
The baffle is capable of free novenent following the flow of the Iiquid.
The mtigation effect was not significapy. 15 In Case 3, a constrained
floating baffle was .used w thout added wei ght. Figures 6E and 6F are
snapshots of the liquid under the effect of a constrained floating baffle
under excitation anplitudes of 2 nmmand 4 nm respect ively. The mtigation
ef fect was_si nrfrc I tudes The

anpl i tude R&E ?%8948%85'8}%?'% @)ged%? t?a]ttﬁgegse& téornéocapc?e(ﬂ‘s%l eina 'Ir\}!ﬁr‘}%éé"e 4,
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anchored at the bottom and top surfaces of the tank respectively. The vertical positions
of the two baffles can be preset such that the sloshing waves at any filling depth can be
optimally mitigated. For example, filling depths from 10%H to 70%H (where H is the
tank height) are prohibrted due to large sloshing phenomena, in accordance with the
10  Lloyd's Register guidance. Therefore, the two baffles may be placed at positions about
20%H and 60%H so as to mitigate sloehing under different filling depths as much as

possible.

Figure 5 illldstrates the flow of the liquid under the effect of the constrained floating |
15  bafflein the tank. During transportation of a partially filled tank, instability of the vessel
or vehrcle mtroduces lateral forces on the liquid and causing the liquid to flow rnsrde the
tank At one pornt of time, the. Irqurd flows from one side of the tank to the other srde
and rises in the other side of the tank. However, the 'surface of the constrained floatrng
baffle 10 causes the liquid flow to be reflected as shown in arrowed curves 5.
20 |
While ‘the.liquid flovrr is reflected, the flow shown in arrowed cu.rves 5 applies an upright
force on the right hand side of the baffle 10 that would cause the baffle 10 to tilt, and
horrzontal force on the baffle 10 that would cause the baffle 10 to drift to the right. The
constrarnrng cables 20 exert a force on the baffle 10 against the tile and the lateral 7
25 drrftlng, so as to malntaln the baffle 10 in substantially the horizontal plane and

mamtarnrng it adjacent to the centre of the surface of the Irqurd



nun Case Baffle Type Maxi mnum wave . el evation Maxi num wave el evation 1. No
baffl e 140 mm 220 nm 2 Unconstrained floating baffle (0.1 kg) 140 nm 160 nmm
3 CFB wi twouviiadaed plate (0.1 kg) 15 mm PCT/SG2011/000145
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Experimental Results

A small-scale experimental test involving a partially filled water tank on a shake table
was carried out to demonstrate the underlying principles of the constrained floating |
5  baffle in a rectangular tank of plan dimensions 0.53 m x 0.4 m and height 0.6 m. Thé
tankﬂ-.contvéined partially filled water, which was dyed for better visualization. The dépth
of water was 0.3 m. The constrained roatiﬁg baffle was made of Styrofoarh' and
constrained by steel wires having a diameter of 1.5 mm, and with a dimension of 0.26
m x 0.335 m:
10
The cables or wires were anchored to a Perspex stub on the tank bottom by means of
hdoké. ‘Th-eghook connection was adopted in the experimental study for simplicity. In
the case of real LNG tank, the constrained floating baffle coﬁnection could be different
and canbecovered by the same insulation material as required for the tank wéll_'-to |

15 reducé thérmal leak.

In ohe o_f Vt:he experimental case, a piece of Perspex plate was added on the top of the
-baffle aé an added mass, while in another experimental case, the constrained floating
baffle was provided without the added plate. The mass of the baffle is hence adjustable

20 inthe experirhental study.

In order to démonstraté the liquid sloshing and its mitigation by the constrained floating

bafflé, a ;inugoidal excitation was used as an input to the shake table suppbrtin.g' the

ta}mk. Tv'vo.:t.differ_ent excitation amplitudes, i.e. 2 mm and 4 mm, were used. The sloshing '
25 préble»rzﬁ‘ ll;ecémé worse when the excitation frequency was close to the hé.tural‘

' fre'qt'Je.ncy. of Iidu_id in tank.



80 mm 4. CFB with added weight (1.2 kg) 10 mm 70 nm A pressure sensor
was installed on the wall near the bottom of the tank to neasure the

5pressur eyohofuhese 7A and 7B show the pressure tinme hisperisesoQlooéase four
cases, fromCase 1 to Case 4, under 2-mm and 4-nm excitation anplitudes,

respec_tively In Cases 1 and 2, both Figures 7A and 7B show | arge pressure
vari ation, where vvere resulting fromlarge sloshing notion. In Cases 3 and

4, th f b
o gni 1 canePoed Shiie At et ns o el B Ll L 20 Ml
Table 2 - Pressure variations for the experinental

2011/ 129775W@?§%€§9Wﬁ?s@6d"f3§r the same eXCI on frequency, W%IC% is equai to the first

natural. frequency of sloshing in tanks (without baffle), were studied. The maximum
wave amplitudes,' or sloshing amplitude, were estimated from video image captured.

5 - Some snapshots of the wave motion are shown in Figures 6A to 6E.

In Case>1, no baffle was used. Figures 6A and 6B are snapshots of the liquid without
baffle under excitation amplitudes of 2 mm and 4 mm respectively. The liquid sloshing

motion was large.

10
In Case 2, a floating baffle was used but not constrained. Figures 6C and 6D are
snapshots of the liquid under the effect of an unconstrained floating baffle under
, eXC|tat|on amplltudes of 2 mm and 4 mm respectively. The baffle is capable of free
movement foIIowmg the flow of the liquid. The mitigation effect was not S|gn|f|cant
s . _— .

In Cese 3a c.onstrained floating baffle was used without added weight. Figures GE_ and
6F are snapshots of the liquid under the effect of a constrained floating baffle under
excntation amplitudes of 2 mm and 4 mm respectively. The mitigation effect was
SIQnificant for both excitation amplitudes The sloshing amplitude was reduced by 2 8 to

20 9 times compared to Case 1.

In Case 4, the constrained floating baffle was used with an added plate (to increase the
mass) anvd- tite mitigation effect was similar to Case 3. The reduction in the sloshing
ampiitude was 3.1 to 14 times.

25 |

Results of the experimental Cases 1 to 4 are summarized in Table 1.



Excitation anpl. = 2 nun Excitation anpl. = 4 nmin Case Baffle Type Mean
(Pa) Variance (Pa2) Mean (Pa) Variance (Paz) No baffle 2849 25,980 2848
41, 770 UwoQusinei7ned PCT/SG2011/000145

15

Table 1 - Maximum wave elevations of water in various experimental cases

Excitation ampl. = | Excitation ampl. = 4
2 mm mm
, Maximum wave - Maximum wave
Case | Baffle Type elevation elevation
: No baffle 140 mm 220 mm
-+ | Unconstrained floating _ :
2 baffle (0.1 kg) - 140 mm 160 mm
CFB without added plate
3 (0.1kg) : 15 mm 80 mm
CFB with added weight |
4 (1.2 kg) | -~ 10 mm 70 mm

A preésure sensor was installed on the wall near the bottom of the tank to measure the
5 preséure. Figures 7A and 7B show the pressure time histories of the four cases, from

Case 1to Case 4, under 2-mm and 4-mm excitation amplitudes, respectively.

In Cases 1 anvd 2, both Figures 7A and 7B show large pressure variation, where were
résUlting from large sloshing motion. In Cases 3 and 4, the use of constrained floating
10  baffle reduced the pressure variation significantly. The pressure mean and variance are

summarized in Table 2.

Table 2 - Pressure variations for the experimental cases



floating baffle 2855 25,760 2858 41,690 3 CFB 2893 1508 2881 3788 4 CFB

w th added wei ght 2968 2077 2967 3562

WO 2011/129770 PCT/SG2011/000145
16
Excitation ampl. =2 mm | Excitation ampl. =4 mm
Case Baffle Type Mean (Pa) Variance: Mean (Pa) Variance
. (Pa2) (Paz)
1 No baffle 2849 25,980 2848 41,770
. Unconstrained
2 floating baffle 2855 25,760 2858 41,690
3 CFB 2893 1508 2881 3788
CFB with added
4 weight 2968 2077 2967 3562

The mean pressure was about the same for .all four t:ases asitis mainly_depended on
the average liquid depth. The pressure variance reflected the dynamic component
5 induced by sloshing fluctuation and it was evidently reduced by the presence of
constrained floating baffle. This reduction .is important since a smaller dynamic
component means a lower risk of fatigue-induced damage to the membréne tank and a

lesser effect on vessel instability. -

10  The present invention is based oh the concept of having a floating bafﬂe constrained
from uncontrolled free movement. It can be seen from the experimental results that by
constraining the floating baffle, it effectively suppresses the sloshing of the liquid in the
tank It should be appreclated that variations of the actual design of the baffle and
constralnt are possnble within the scope of the concept of the present invention deflned

15 in the clalms



The mean pressure was about the same for all four cases as it is mainly
depended on the average liquid depth. The pressure variance reflected the
dynam ¢ cwopongnd7ionduced by sl oshing fluctuati on and i Pcwas2emiodens | y
reduced by the presence of constrained floating baffle. This reduction is
inportant since a smaller dynam c conpopent neans a | ower risk of
fatigue-induced damage to the nenbrane tank and a | esser effect on vessel
instabilit§+ﬁ#@ghe present invention is based on the concept of having a
floating b constrai ned fromuncontrolled free novenent. It. can be seen
fromthe experinental results that by constraining the floating baffle, it
effectively suppresses the sloshing of the liquid in the tank. It shoul d be

appr eci at ed t1ha§O a‘rcqSI %rh”fﬁ?f th |ﬁ%ttgr§\l yole %mégcﬁer baf fl e and

constraint are € scope’o e con of t he present
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CLAI V5 1. A8 qurd’in a t he device
conprising: a baffle ar ; d 5a
constraint tor dowperat HREeabd %@%té%ﬁ%ké%ﬁﬁ% Betpfhd oaf
baffl e agai nst til.ti e tank. 2. A device according to claim
1, wherein the 88#¢ ?Qﬁwﬁﬁeﬁﬁ tég§§g | i nki ng menber, the

| i nki ng menber conprising a pIurallty of cables having first ends
10connected to a plurallty of points on the baffle so as to constrain the

baffl e in su t%\\n%’%\? éﬁé&? 50{0 §|8(Pr§ aII v%e%'iﬁ the cé}s]trén %Wn ﬁs&cﬁofﬂdrﬁgans

claim 2, wher hér  conpri ses j ust nment

for adjusting th%{* e'?gt%gquﬁ&hﬁrﬁ@&l c%?np‘?@m Brazﬁg/g Wﬁ&@eﬁcﬁ

different |evel |qU| evice acc erern the

hei ght | dl ust rreEé r{céggﬁ%stgcf mgélﬁyﬁgf Boi gtﬁvdnc etb%tff?el 5% @bH%WFhe%afﬁ&fﬁ

second’ nd of t € an
substantially the horizontal plane.

3. A device according to claim 2, wherein the constraint further comprises height
adjustment means for adjusting the Iength of the cables so as to adapt the '

15 | bafﬂe to dlfferent level of liquid.

4. A device according to claim 3, wherein the height adjustment means cbmprises
a device to ailow adjustment of the second end of the cables from the anchor
point.

2 , _

5. A»-‘device adcording to claim 3, wherein the anchor point comprises a pulley
dlrectlng the second end of the cables upward through an aperture in the baffle
to the top of the_ tank; and the height adjustment means comprises a device for
E)ulling the second end of the cables from the top of the tank.

25



20 5. A device according to claim 3, wherein the anchor point conprises a
pull ey directing the second end of the cables upward through an aperture in
t he bafflwotw1tvihervop of the tank; and the hei ght adj usPogsG20BA06G145
conprises a device for pulling the second end of the cables fromthe top of
the tank. WO 2011/129770PCT/ SG2011/0004¢5 18 6. A device according to any
one of claim2 to 5, wherein the baffle is in the formof a flat nenber of

di [ i Ng b i al ' f the hori . Cl 2 [
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wherein the flat me_nbetr is a ﬁﬁl¥styrene_ plate with metal frane. 10. A
devi ce accordi nﬁr%SBSS?éqnnﬁrﬁ?o 8%‘7'?1 an interstitial space in the frane
includes naterial of density lower than that of the Iiquid.

5 7. A device according to claim 6, wherein the flat member comprises a metall

frame.
8. A device according to claim 7, wherein the flat member is a framed mesh.

10 9. A device according to claim 7, wherein the flat member is a polystyrene plate

| with metal frame.

10. A device according to claim 7, wherein an.interstitial .space in the frame

includes material of density lower than that of the liquid.



