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transfer.[0005] Depending on fill level, LNG sloshing can be categorized

into highobed)l (fillliquid impact loads are found in innumerable circumstances. Some of the
most common impact systems are associated with liquid motion in confined spaces, which

can include loading from fuel in fuel tanks (e.g. automobile, airline, or marine vessels), bulk

20  liquid carriers (e.g. LNG tanker ships, oil tanker ships, milk tanker trucks, etc.);
manufacturing processes (e.g. etching, engraving, painting, ink jet printing); vehicle
dynamics where impact while coming in contact with fluid (e.g. airplane water landings, high
speed planing craft), combustion processes, to name a few. In liquid carrying applications, it

is generally desired to reduce the liquid impact load of the liquid on the container holding the

25 liquid. This is most often accomplished by attenuation using a variety of specially designed
internal shapes and protrusions. See, e.g. Int’l Pat. No. W0O2006/014301. The fuel in a fuel

tank may be handled differently due to issues specific to combustible fuels and expansion of
gasses at high altitudes. See, e.g. U.S. Pat. No. 6,698,692. The manufacturing cases have
heretofore been viewed as non-analogous, but such a system includes a liquid impact on a

30 solid object and the present disclosure may be applied to such systems to improve efficiency

of jet dispersal, control diffusion or improve the momentum transfer.
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that such methods cannot be scaled to size and are generally limited to providing qualitative

20 (but not quantitative) information. For example, conventional approaches may predict the
average force exerted on a structure in contact with a liquid but cannot adequately predict the

actual force on a particular point or area of interest. Similarly, many prior art solutions to the

sloshing problem have either not addressed partial fill sloshing issues, or require significant

redesign of the container tanks (e.g., LNG tanks) themselves.

25  [0007] What is needed are methods and systems to accurately predict and control
liquid impact loads on surfaces that are applicable over a wide range of applications. What is
further needed is a solution to the sloshing problem that addresses the issues of partially
filled liquid containers without requiring changes in the container’s geometry, internals, or

overall design.
30 SUMMARY

[0008] One embodiment of the present invention discloses a method of controlling a
liquid-impact pressure on a solid body in a liquid impact system. The method includes

providing a liquid impact system including both a gas and a solid body, wherein pg is a



| i qui d-inpact pressure on a solid body in a liquid inmpact system The

nmet hod i ncludes providing a liquid inpact systemincluding both a gas and a
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wherein g'8&-a density of the gas, Kis a polytropic index of the gas, and
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cal culat d80¢Hessur eAnadhers smbedimit opfe the Rrawent onvetiong dischoses & mecthod of

cal <o 1 SlyRiARY Ry E Ay AR 1 Pt SEAEbok S AR AL BT
li qui d i rpehbéd siehidedp: apdetefreipagt dnneptistgd $iqeid-idpactdbad b thefligulieort tleaiblet;ed
pressure is substantiall]y equal to the optinum pressure,. selecting the
conposi t inseFctipgean fiibe ¢Hsistpgnisit I9H B8R (e g"aglpt)@}ﬁantqfetf@ag@@ds a
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20 impact system; c) calculating a liquid impact pressure of the liquid on the object by
determining a parameter ¥ for the system, wherein ¥ is defined as (pg/pr)(x-1)/x, wherein pg
is a density of the gas, x is a polytropic index of the gas, and py, is a density of the liquid; d)
comparing the optimum pressure with the calculated pressure; ¢) selecting one of the
following: 1) if the calculated pressure is not substantially equal to the optimum pressure:
25 adjusting at least one of the liquid, the gas, and a gaseous pressure of liquid impact system,
and repeating steps c)-¢); or ii) if the calculated pressure is substantially equal to the
optimum pressure, selecting the composition of the liquid, the composition of the gas, and

the gaseous pressure of the liquid impact system.

[0010] A third embodiment of the present invention discloses a method of reducing a
30 liquid impact pressure in a container. The method includes providing a liquid impact system,
comprising: a liquid, a first gas, and a container having a liquid volume filled with the liquid,
and an ullage volume substantially filled with the first gas, wherein the liquid has a density

(pr) and the gas has a density (pg) and a polytropic index (x); determining a parameter ¥ for
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20 [0012] The foregoing and other advantages of the present techniques may become

apparent upon reviewing the following detailed description and drawings in which:

[0013] FIG. 1 is an illustration of a flow chart of an embodiment of a method of

controlling a liquid impact load on an object in accordance with the present disclosure;

[0014] FIG. 2 is an illustration of a flow chart of an embodiment of a method of

25 optimizing a liquid impact load on an object in accordance with the present disclosure;

[0015] FIG. 3 is an illustration of a flow chart of an embodiment of a method of

reducing a liquid impact load in a container in accordance with the present disclosure;

[0016] FIG. 4 is an illustration of a system for reducing a liquid impact load in a
container;
30 [0017] FIGs. 5A-5B are an illustration of a LNG tank cross-section and a schematic

of an experimental setup for measuring liquid impact loads in an LNG container using the

parameter ¥ as disclosed in the methods and systems of FIGs. 1-4;



reducing a liquid inpact load in a container in accordance with the present
di sclosure; [0016] FIG 4 is an illustration of a systemfor reducing a
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di scl osed herein to neasure, control, or cal cul ate such a local effect. In
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disclosed herein to measure, control, or calculate such a local effect. In a second example, in
a liquid impact system without a container, the gas is the gas contacting the free surface of
20 the liquid (e.g. the ambient gas), which may be ambient air in some cases (e.g. vehicle
landing on a water surface), a volume of gas moving at high velocity in some cases (e.g. the
inkjet case), or some other type of system. Like in the container cases, the ambient case
generally refers to the ambient gas and ambient gas pressure rather than a local gas or local

gas pressure, but may be useful in determining a local pressure as well.

25  [0022] The term “ullage” refers to the volumetric portion of a container that does not

contain liquid, wherein at least a portion of the container is filled with liquid.

[0023] The term “polytropic index,” as used herein, refers to the real number xin the
thermodynamic relationship PV* = C, where P is pressure, V is volume, and C is a constant.
This equation can be used to accurately characterize processes of certain systems, notably the
30 compression or expansion of a gas, but may also apply to liquids. The value of x depends on
the state of the gas in the process. In an isobaric process (constant pressure), =0, in an

isothermal process (constant temperature), £ = 1, in an adiabatic process (no heat transfer)



contain liquid, wherein at least a portion of the container is filled with
| iquid. [0023] The term "pol ytropic index," as used herein, refers to the
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applications, where reduction of fuel impact loads is desirable to reduce motion of the vessel
and other potential hazards; (4) manufacturing processes (e.g. etching) where the impact load
can directly influence quality control; (5) vehicles coming in contact with fluid (e.g. airplane
water landings) where impacts can damage the vehicles; and (6) combustion processes where

25 impact loads can cause corrosion, damage, or affect the efficiency of the process.

[0026] In one embodiment of the present invention, there is provided a method for
controlling a liquid impact pressure (e.g. load, load over area, and load over time) of a liquid
on an object in a liquid impact system. The gas has a density (pg) and a polytropic index of
the gas (x ) and the liquid has a density (pp). The method includes calculating a parameter W
30 for the two-phase system, then either decreasing the liquid impact load by increasing the
parameter ¥ or increasing the liquid impact load by decreasing the parameter ¥. The
parameter ¥ may be changed by changing either the pressure or temperature of the gas in the

system or changing the gas or liquid composition of the system. In some embodiments, the



i npact | oads can cause corrosion, damage, or affect the efficiency of the
process. [0026] In one enbodi nent of the present invention, there is
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c)-€); 20 Orof4 tLe H)Q%H?e%rc‘%l affetﬂe Rb ﬁﬁ]%!fgdeptlegsure 1S not substantially equal to the optimum
pressure, then adjusting at least one of the liquid, the gas, and a gaseous pressure of the two-
phase liquid impact system, and repeating steps c)-¢); or if the calculated pressure is
substantially equal to the optimum pressure, selecting the composition of the liquid, the
composition of the gas, and the gaseous pressure of the liquid impact system. In this
25 embodiment, the method may be used in any type of two-phase system, such as an ink jet
printing system, a containerized system, or other type of two-phase gas and liquid system.
The method may be manually employed, or may be aided by a processor-enabled system
linked to a database configured to provide automated responses to dynamic conditions, initial
system design, or some combination therecof. Persons of ordinary skill in the art will

30 comprehend other applicable circumstances to apply this method.

[0028] In a third embodiment, a method of reducing liquid impact pressures in a
containerized liquid impact system is provided. The method includes providing a two-phase

gas and liquid system having a liquid, a first gas, and a container having a liquid volume
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[0030] In any of the embodiments of the disclosed processes and systems, the liquid
impact system may comprise an LNG container on an LNG ship configured to hold LNG,
LPG, or other liquefied gaseous hydrocarbon. The LNG container may be a membrane tank,

25 a corrugated tank, a spherical tank, or another type of tank for holding LNG. The controller
may be a manually operated system such as a valve and tank system, or may be an
automatically controlled system such as a processor operatively connected to a memory
storage and access device (e.g. RAM or hard drive), a database, a set of control algorithms,

etc. Persons of ordinary skill in the art will comprehend other means to employ this system.

30 [0031] Referring now to the drawings, FIG. 1 is an illustration of a flow chart of an
embodiment of a method of controlling a liquid impact load on an object in accordance with
the present disclosure. The process 100 begins at block 102 and includes providing 104 a

liquid impact system having a solid body, wherein pg is a density of the gas, xis a polytropic
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20 [0034] The step of calculating 106 the parameter ¥ for the system may be done by
any reasonable means known to persons of ordinary skill in the art. For example, the
parameter ¥ may be calculated manually by an operator whenever certain threshold
conditions are met, such as detection of liquid impact loads that are outside engineered
tolerances. Alternatively, the parameter ¥ may be calculated using an automated computer
25 system having a processor, RAM, storage and connection to a database or network for
obtaining density and polytropic index values for various gas and liquid systems. Yet
another alternative includes looking up the parameter ¥ in a pre-calculated table of values for

a given system, such as values of the parameter ¥ for an LNG system.

[0035] The step of adjusting 108 the liquid-impact load by changing the parameter ¥
30 for the system includes at least changing the pressure of the gas in the system, changing the
temperature of the gas in the system, changing the composition of the gas in the system,
changing the composition of the liquid in the system, and any combination of these. For

liquid container systems such as the fuel tank example or the liquid container example, the
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20 particular example, the LNG container may include a pressure release valve with a pressure
setting. Such valves are common and typically configured to avoid significant pressure
increases inside the LNG container during transport. However, as noted above, a slightly
higher ullage gas pressure (within engineering tolerances) may result in decrease sloshing
loads. In such a case, it may be preferable to increase the pressure setting on the pressure
25 release valve to reduce sloshing loads. Further, the parameter ¥ must be accounted for
during on-loading or off-loading operations at an offshore terminal. This may include
injecting more ullage gas during offloading to maintain a sufficiently high parameter ¥ to
permit off-loading during a rough or high sea state, changing the composition of the ullage

gas to achieve the desired ¥ level, or a combination of these.

30 [0038] After using the ullage gas to achieve the desired W, the ullage gas may be
recovered at either a cargo-transfer (e.g. import) terminal or an export terminal or restored to
have characteristics more typical of normal LNG operations. For the export case, the ullage

gas (e.g. nitrogen) may be displaced as tanks are filled with LNG after the ship returns to the



container. This may increase pressure and will |ikely change the paraneter
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20 object using the parameter ¥, wherein the parameter ¥ is defined as (pa/pr)(x-1)/x, wherein

pc 1s a density of the gas, « is a polytropic index of the gas, and py, is a density of the liquid.
Next, comparing 210 the optimum load with the calculated load and if they are substantially
the same 214a, then the attribute is optimized 214b, but if they are not substantially the same
216a the adjusting the attribute and repeating 216b steps 208-212 until the optimum load and

25  the calculated load are substantially the same.

[0041] FIG. 3 is an illustration of a flow chart of an embodiment of a method of
reducing a liquid impact load in a container in accordance with the present disclosure. The
process 300 begins at block 302 and includes providing 304 a liquid impact system,
comprising: a liquid, a first gas, and a container having a liquid volume filled with the liquid,
30 and an ullage volume substantially filled with the first gas, wherein the liquid has a density
(pr) and the gas has a density (pg) and a polytropic index (x). Next, the method includes
determining or calculating 306 a parameter ¥ for the two-phase system, wherein the

parameter ¥ is defined as (pg/pr)(x-1)/x. Note that decreasing the parameter ¥ increases the



met hod 200 begins at bl ock 202 and includes determ ning 204 an optinmum
liquid inpact |oad of the liquid on the object in a liquid inpact system
The met howoforodseso7i ncl udes sel ecting an attribute 206 fom/uspeovnbmas i on
fromthe group of attributes including the type of liquid, the type of gas
or mxture of gas (e.g. conpositions of the gas and liquid), the pressure
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are substantially the sane. G 3 is an illustration of a
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container. in accgrdance wi.th t.he present disclosure. The process..3 begi ns
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the liquid, and an ullage vol une substantially filled with the first gas,

wherei n t[gg4d)i qui d N@s 48denFiukatoRler ARG SFoPRSIUPRS L1iGERSHYc(1B8) iRAd a
pol ytropic index (K). Next, the nmethod includes determ ning or calculating

306 alpareankirer ity a¢@rdanhe withothp magleodsgskkim3. wAe sedhn thagysipar ahEt@rd majy de

defi ned | - X) k.. Not t,d i h ter Y|
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i ncl udes i ncreasi n(g 308 the paraneter Y of the system ]r The step of
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20 A pump 418 may also optionally be added to the system 400 controlled by the controller 410
to adjust the gas pressure of the system 400.

[0044] In some embodiments, there may be only one ullage gas holding location
412a, but there may be two or more, depending on the system, space available, and other
factors. When more than one tank is used, there will also be a selector 411 operatively
25 connected to the controller 410 for selecting and apportioning the amount of gas from each

location 412a-412b depending on the circumstances.

[0045] In one exemplary embodiment, the container 402 is an LNG tank, which may
be any type of LNG tank, but is most likely a standard membrane-type tank as found on the
majority of the world’s LNG carriers. In this example, the system 400 may be implemented
30 into existing LNG carriers with little or no modification of the tank. For example, some
modern LNG carriers may already include active leak detection systems (or rupture detection
systems) and it may be relatively inexpensive to integrate or modify at least some of the

sensors 407, such as pressure sensors, into such a system to additionally monitor sloshing



index (K), and a volunme of liquid 406, the liquid having a density (PL)

The system 400 further includes a sensor system 407 to take neasurenents of
syst em vawvoabioas9sorncl udi ng |iquid vol une, ullage vol umecrtiusqeuodeadensi ty
(PL) , ullage gas density (po), and ui3l age gas polytropic index (/ . A

cal cul ator 408 is operatively connected to the sensors 407 and confi gured

Lo cal culigig anRayABRUD wil aBehaldl Yais odRilinSslsten AL shaih: whis

cal cul ator 408 is connected to a controller 410 configuréed to control
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two ord mob e bedpfhinigorsmhe b system space available, and other factors.
Wien nore than one tank is used, there will also be a selector 411
oper at i ve{094ﬁionnectledtht-:oemhelm:y)ritNGI ¢rapoddrhontf dhe sellcel@tdrn@SamayalpfpspetCiabhyi ng
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carriers may alr Ive rup ure
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transmi t tse@rd MFOLHRal RMaté thepaf@idierrBadabh thay then be utilized by the controller 410.

20 [0047] In most embodiments, the controller 410 is configured to receive information
such as the data from the sensors 407, the value of the parameter W from the calculator 408,
and information from an operator (e.g. sea state, availability of other ullage gasses, predicted
or optimum liquid impact load on the system, operating states of various equipment such as
the pump 418, valve 414, sensors 407, and other information). The controller 410 is further

25 configured to send information and instructions to the operator and the equipment, as needed
or desired. As such, the controller 410 preferably includes input and display devices and a
permanent storage device such as a hard drive. In one exemplary embodiment, the calculator

408 and the controller 410 may be integrated into a single unit.

[0048] It should be understood that the holding locations 412a-412b should be
30 construed broadly enough to include sources of gas and locations to vent gasses (if venting is
appropriate) and are not necessarily limited to enclosed tanks. For example, in some
applications, atmospheric air may be selected as an appropriate ullage gas (note, air may not

be appropriate for the LNG case because the oxygen in air may react with the LNG boil-off



by a machine (e.g., a conmputer). For exanple, but not limted to, a

conput er-readabl e (e.g., machi ne-readabl e) nmedi umincludes a nmachine (e.g.
a conput ewd 20madede st orage nmedium (e.g., read only nemomyUSEiOROKI3y¢ random
access nmenory ("RAM'), nmagnetic disk ®torage nedia, optical storage nedia,
flash nenory devices, etc.), and a machine (e.g., conputer) readable
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propagated signals (e.g., carrier waves, infrared signals, digital signals,

etc.)). Thetdiat col Abdrto4@orvayhabxsyedelrom theomirulshviag ipsimagily hnat getsawolkg.
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confi gur ed2act12bess (aaks ferdiodding gas aigk pordiutddetodiplizen eioipreiKie gaedrnspding @,
t he valuqhggi&gﬁnﬂﬁggneter Y fromthe cal cul ator 408, and information from
an operator (e.g sea state, availability of other ullage gasses, predicted

or opti [,qui d inpact | oad.on th .em. oper at | at es .of .vari ous
equipnezﬂﬂgkgh as gﬁgogﬁﬁggﬁﬁg?w%%ﬂ@%ﬁﬁi%?g§%W@BP§4£%gfféh8m8ﬂﬁéwﬁqmges_

i nf or mat iigm) addddeo AN nINGIQ &, it thBRY loeadnk AU LD 128 afcepidfdrati] 9 ieshi on
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20  should be capable of handling the gaseous pressures and volumes contemplated in the system
400, which will vary depending on the type of system. A person of ordinary skill in the art
understands that a variety of valves 414, flow lines 416, and pumps 418 are operable in the

system 400 when utilized for their intended purposes.
EXAMPLES

25 [0051] FIGs. 5A-5B are an illustration of an exemplary LNG membrane tank cross-
section and a schematic of an experimental setup for measuring liquid impact loads in an
LNG container using the parameter ¥ as disclosed in the methods and systems of FIGs. 1-4.
As such, FIGs. 5A-5B may be best understood with reference to FIGs. 1-4. FIG. 5A is a
schematic cross-section 500 of a typical LNG membrane tank filled with liquid 504 and

30 ullage gas 502. Arrows 506 show the expected relative motion of the tank 500. FIG. 5B is a
schematic 510 of an experimental tank 511 showing sensing devices 512 for measuring the
sloshing impact pressure. The liquid 514 is also shown sloshing around and the arrows 506

show the expected motion of the tank 511.



smal | er than even one LNG storage container 402 and may suitably be placed
on the deck of the LNG carrier w thout addi ng undue operational risk or

i nconveniwoee10/8e30e¢ LNG shi ps al ready incorporate such tramims2ao/0b@nel e LNG
boil -of f (nmethane) for safety reasonsis making a retrofit of an existing LNG
carrier with the presently disclosed systemrelatively inexpensive. [0050]
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506 show idaereeXipRaéLd rel ative notion of the tank 500. FIG 5B is a
schematic 510 of an experinental tank 511 show ng sensing devices 512 for
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511. [ 0052l @nihe dxldowpingroyiteret hoderdioilreffl uehpagatuteethbn NG, inapaat! nooddxik rgas
t wo- phase gas and |liquid system ca ises liquefied natural gas ( and
At oy i GRS R Pt e RAABPIS B AL Lk neR e vSple HOEATBY R he
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Table 1 also lists argon and helium data. As can be seen, argon can potentially reduce the

20 impact loads further while helium can result in a significant increase of impact loads.

Ullage sas Boil-off (pol ]:ro ic Density at - | ¥ at-161 Impact
g8¢8 Celsius porytrop 161 deg C deg C Pressure
index)
NG Vapor -161 1.32 1.83 0.00097 24.88
Nitrogen -196 1.4 3.00 0.00186 12.31
Argon (Ar) -186 1.67 4.28 0.00373 5.85
Helium (He) -269 1.66 043 0.00037 69.18
Table 1: Impact pressures of various gasses in an LNG system
[0054] The extent of sloshing impact pressure reduction can be demonstrated by a 2D

sloshing test, such as the one disclosed herein. These tests utilize a 2D pressurized tank 500.
25 The tank 500 was filled with boiling water 502 and the ullage 504 was filled with boiling
vapor (or steam). Under a typical testing condition, the vapor and liquid reached thermal
equilibrium. The effect of the parameter W was demonstrated by varying testing temperature

which results in a change of vapor density (pg). This effect was further confirmed by testing



simlar to LNG The nitrogen injection is kept at a rate that the ullage
pressure (e.g. gaseous pressure) remains substantially equal to atnosphere
pressure Weo.2g10/abswat 14. 7 psi or 101 kPa). Nitrogen canPoe/yse@wiossds by a

ni t rogen- generat or on-board an offshowe term nal, which can be generated in
advance and stored in a liquid form(e.g. in holding areas |ike 412) or
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by a 2D sloshing test, such as the one disclosed herein. These tests
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equi | i br ipsmentiiheffetit-anks of a tHagparhophame¥nsds denonstrated by varying
testing tenperature which results in a change of vapor density (po). This
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20 fill condition, a similar trend is expected for partial-fill conditions.
[0057] From the above disclosure, it may be appreciated that optimization of and/or

modifications to ¥ may occur during design of a given liquid impact system and/or during

operation of the liquid impact system.

[0058] While the present techniques of the invention may be susceptible to various
25 modifications and alternative forms, the exemplary embodiments discussed above have been
shown only by way of example. However, it should again be understood that the invention is
not intended to be limited to the particular embodiments disclosed herein. Indeed, the
present techniques of the invention include all alternatives, modifications, and equivalents
falling within the true spirit and scope of the invention as defined by the following appended

30 claims.



potential effectiveness of a change in the paraneter Y. [0056] FIG 7 is a
pl ot of experinmental results conparing sloshing inpact | oad agai nst the
par anet erwd.20fsogmraph 700 i ncl udes pressure 702 (non-diPpaensc@aab)3cser Sus
the paraneter Y 704. The di anonds 70617i n the pl ot indicate experinental
data from steam water testing. The circles 707 in the plot show the
experimental data from heavy gas/wat e igsiig Nng. The solid curve 708 is a
fitting curve of the experinmental data. Tn the plot 700, conditions with
met hane/ ,qg lahdd R9en/ LNG are | abeled as circles 712a and 712b,
respective can be seen, the |npact pressure 702 is expected to
decrease aInDs 704 0 n G t

ni t rogen /]LNG | % #If qa_rll%ro\{l a h&lél % rTe su{? %f § Q&l(ﬁj&]{l\# 1ncg rl}l&ultd. mH)act
simlar EW@Eﬂlb@nﬁM@@§t6d for partial- f||| conditions [ 0057] Fromthe
above disclosure, it may be appreciated that optlnlzatlon of and/or
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the invention include all alternatives, nodifications, and equivalents
fallihy wictivasing He vtatugeofging paramauad‘Psn@peseethetlmud-nnmt pssuas defi ned by the
foll ow ng appended clains. CLAIMS What is clainmed is: 1. A method of
controlling a liquid-inpact pressure on a solid body in a liquid inpact

system conpriEic@ethBl @fidiimg] avilekdinlicandibadte patahet MNedrudle RYstamdiasiuaand a
solid bod wherein p is a density of the gas, s a polytropic index of the

gas, and Enﬁégﬁwd@ﬁwpﬂyoepfﬁﬁ@aﬁHq@ﬁ@yﬁealculatlng a parameter Y for the
system wherein Y is defined as (PG PL)( -1)/ K and adjusting the

| i qui d-inpact pressure by changing the paranmeter Y for the system wherein
i ncredsi My t heTheahe@odbf thém famasrie thaigtecthe paasmetdrel forophie (Slysitmi&ﬁ;dludes
pressure and decrea5|ng t he val ue of the parameter Y increases

| i qui d-i rejaRge pileded, fiem the giqup reptisiino Pl d) snrReing iy @ﬁeﬁsueswﬁgh%@a% He the

par amet ersy&elfn?Q) Eﬂﬁﬁgﬁi&%ﬂ@f&ﬂp‘%ﬂtﬁ{g%sf the gas in the system, 3) changing the composition of

the liquid in the system, and 4) any combination thereof.

20 4. The method of claim 2 or 3 wherein the changing of the parameter W occurs during

design of the liquid impact system.

5. The method of claim 2 or 3 wherein the changing of the parameter W occurs during
operation of the liquid impact system.

25
6. The method of claim 2, wherein the method is executed automatically by a

programmable computer system.

7. The method of claim 2, wherein the solid body is selected from the group consisting

30 of a container and a surface.

8. The method of claim 2 or 3, wherein the method is applied to a liquid impact system

selected from the group consisting of: 1) a liquid storage container system, 2) a fuel container



changi ng the conposition of the gas in the system 3. The nethod of claim
1, wherein changing the paraneter Y for the systemincludes a change

sel ect ed woamoidsesogr oup consi sting of 1) changi ng t he presase@otosshe gas
in the system 2) changing the tenper@ture of the gas in the system 3)
changi ng the conposition of the liquid in the system and 4) any

conbi nat i 9&ekh 8 &0handfacthify MREQQH sPiterd! a%]m ehidle 3oWneS &l BoktB& &HANGKNEG of
the paraneter Y occurs during design of the liquid inpact system 5. The
met hod ofsutihed, A 2 comb@stighsystm, arided)@hanigichprinting dystepar anet er 'Y occurs
during operation of the liquid inpact system 6. The nmethod of claim 2,
wherein the nethod is executed automatically by a programabl e conput er
system & TheTHg@h&add of chlmi2mderonheicdiduid Raigefitdndedy ghs(I90G pit #dLNGom
the group consisting of a container and a surface. 8. The method of claim?2
or 3, Wwhewatainer ped thstad s ullogappd indbe LY Gecantagidrd i npact system sel ected from
the group consisting of: 1) a liquid storage contai ner system 2) a fuel
cont ai nersystem 3) a manufacturing process system 4) a vehicle conming in
contact wi0t h alHel mettlos of thaae,9, Sheric oidngaigl tha pasicesn V¥ dmdth6 kyaemidokapiriets
printing system 9. The nethod of claim2, wherein the liquid is |iquefied
nat ur al ngipg e qqmp&%lt@m@r}é%%léﬁgﬁ&as Sn dnqrepsingale pmoypy of il GhanGehgasy NG
cont ai ner; - j j ' er Y §or
he. syt o R e A2 3 e BR A Rfindlof

i ncr eb®i rglitimeneomp untoger, reetharthangor madtangasmbmatibretlsyeef.em wherei n t he
enhancenent gas is selected fromthe group of gasses consisting of helium
neon, nitrogen, nethane, argon, and any conbination thereof. 11. The net hod
of clai mi0, frHtAtho§ SNBlairdi109furihef EARpIMANAincRISR R KRhYEVINEFRWue: [Qu¥el
on a release valve on the LNG container. 12 The nethod of claim3, wherein
t he |i quiah 4 rsleasg ealvodn thel.NG@ camtamei.nk-j et printer cartridge and the gas is
surroundi ng gas around the jet of ink. 13. The nethod of claim 3, wherein
the liquid-inpact pressure is the force applied to an area of a solid
surface i1 cooper akihed oM dlhint BE whicfpih @hd Mp@dtis Sy ft &M ink 4rond ha iﬁﬁijétoﬁirﬁér

claim2, wherein the liquidis fuel in a fuel tank and the gas is ullage
gas in t Fartfides andgthg gas is surrounding gas around the jet of ink.

13.  The method of claim 3, wherein the liquid-impact pressure is the force applied to an

arca of a solid surface in cooperation with the liquid impact system.

20
14.  The method of claim 2, wherein the liquid is fuel in a fuel tank and the gas is ullage
gas in the fuel tank.
15.  The method of any one of claims 9 and 14, wherein changing the parameter W for the

25  system further includes changing the liquid fill level.

16. A method of optimizing a liquid impact pressure of a liquid on an object in a liquid
impact system, comprising:
a) determining an optimum liquid impact pressure of the liquid on the object;
30 b) selecting an attribute consisting of at least one of a composition of the liquid, a
composition of the gas, the temperature of the system, and a gaseous pressure of the liquid

impact system;



15. The nmethod of any one of clains 9 and 14, wherein changing the
paraneter Y for the system further includes changing the liquid fill Ievel.
16. A netwoadomfosegtri m zing a |iquid inpact pressure of &Criuseed/oenscan
object in a liquid inmpact system congrising: a) determ ning an optinum
liquid inmpact pressure of the liquid on the object; b) selecting an
attribute congjsti rtﬂléafan%% al IRRSd irffRt ﬁlfes@r@@meqiqmcpéh e otbﬁ"b%t b{ QeicEminthg
conposi tion of the gas e tenperature of stem and a gaseous
pressure aoparmhetet H’q?er ¢hei syrptet weylgueﬂh ig ﬁefélmdcasl(ad; Pof-d)/ ki ‘qhnrdlnl prpaetdensity

pressure Qf, the |i et er m, ni cter Y for the
system vﬂ%é]il FH &' sp g%‘ﬁlﬂ%&? %@gﬁi)an?mﬂa}?(ens&ggfgf ’s a density of
the gas, s a pplyt rd@ﬁip@nh@de)bpeindnhpreg@ﬁe with @hdPdaldiated gle@mréy of the

liquid; d) conparing the optinumpressure with the calcul ated pressure; e)

sel ecting one ®f t Helordng o eighe following:he cal cul at ed pressure is not

b K I d "
composi ti on of - the 1 quit "¢ RACRATUORERIHE R pAKEEhAM Zhalh 3 g fyfind 1€

pressure of ttmedsumuadyusmgaatle&ymemftlamebmpcmaim dstgthstlelp&i ahe ec)mpcmitlonu of i f
the cal cul ated pressure is substantlﬁ % equal to the optimm, pressur

sel ecting t he BoaPpoand f gasesrs preesurs gliha liaukbinysrysten gRd srpcptig ﬁ%&”?ﬁ’?ﬁﬂd
the gaseous prgssure of the liquid inpact system 17. The nethod of claim
16, wherein changing the paraneter Y for the systemincludes a change

sel ected fromt he gnoup i€ahsi eaﬂauh@ecbfpregsumhwg;uhgartthﬁypewLnoethmf optiaugas

in the system cha in hete erat re  of as | stem

changi ng_ & ho. dBBBSr SgHnghE RmBaE oot e 18yid O GRpasHiongt 4BY Etve and He
conposi tion of agé}ﬁls#)[«égwrgoffhetlﬂﬁuﬁwa@m ysRRgd 5) any combination thereof.

18. The met ho of claim 17, wherein the nethod is executed automatically by

a progranmmabl e conputer system 19. The nmethod of claim18, V\herel n t he

obj ect i el ted the consi st.i n ur f ace.
20 “The mdt hod e i 46 SheY B Ratvint s ErdRnt Tobes o Ty
i mpacts sysihere set@ed &dni BNl @hSIMMLCONT) ShimEn®tic Blesdurd oguhd g8¢ o age
contai ner system_ 2) a fuel container
system, 2) changing the temperature of the gas in the system, 3) changing the composition of
the gas in the system, 4) changing the composition of the liquid in the system, and 5) any

combination thereof.

20 18.  The method of claim 17, wherein the method is executed automatically by a

programmable computer system.

19.  The method of claim 18, wherein the object is selected from the group consisting of a

container and a surface.

25
20.  The method of claim 19, wherein the method is applied to a liquid impact system
selected from the group consisting of: 1) a liquid storage container system, 2) a fuel container
system, 3) a manufacturing process system, 4) a vehicle coming in contact with a fluid
surface, 5) a combustion system, and 6) an ink jet printing system.

30

21. The method of claim 17, wherein the liquid is liquefied natural gas (LNG) in an LNG

container and the gas is ullage gas in the LNG container.



system 3) a manufacturing process system 4) a vehicle comng in contact
with a fluid surface, 5) a conbustion system and 6) an ink jet printing
system 2wo0.20fns93vet hod of claim 17, wherein the |iquidprcs/uscepabtosee
natural gas (LNG in an LNG container2oand the gas is ullage gas in the LNG
contai ner.22. The nethod of claim 21, wherein changing the parameter Y for
the system confd f&fof BARGINNA1 I DRcrEAMRastihS A} Rkarhdis: withAGe \Rgﬁém%mprises

i ncreasing the anount of an enhancenent gas in the system erein the
enhancenehengjag thoscoseriosidion df thowhlageazag by upcrefsingatbs emogoing ast ¢niignegimang pasum
neon, ni trogen, nethane aregﬁn aemd anaé.coengaciergfftionethereoé. 23.C0Thieﬁrre\t)/thod
of cl ai mBH™ PHIETh NI TP CTINE R 4T WA LR ARCIUP DL EHF eI s R el
on a rel aasgmyatote nBidgthendthiaec apbakieiny dbifatiithedo0f reducing a liquid
i npact pressure in a container, conprising: providing a |liquid inpact
system conprising: a liquid, a first gas, and a container having a liquid
vol unme fid,l ed w t 1. Q4. &), . . e .S i i
with the j?i' r stjvﬂgearg,e&lgﬁglrF 81:31#1? kllé I aﬁ?@#@@%mﬁgﬁm f %%E%eaggr%{éﬁa{)#’e(wfé%ls&ggs a
density (qnarebvask walpodrythcdNG comdexr.(K); determining a paraneter Y for the
t wo- phase system wherein the paraneter Y is defined as and wherein an
increase in the paraneter Y results in a decrease in the |iquid-inpact |oad
on the cont ai ner; i | 100 f’e‘gﬁ% Y. d i1 e term. conpri sing
a step sel ect ejg ert%%%tﬂﬁ%r uplm(%léérllgﬁg#?ﬁg 0 @[ni an%drngae{%%}h% tmﬁé)gr'essure of
the fi10 st gas provitihhg « dnoidi impact sysEigcongriaingortliqund, of fitsheas,iandta gasamert h a
sel ect ed ,gas havi ng a, hi r .er. Y, jncreasing the |iqui | yne in
he cont dtnme « luf Ruitie e BRETRS lftigoind 8 hTgRe bt suhsil $lemacor
boi | - of f tg@FiritSgA, Wdsklid 1Rl [i§@k! nQf déﬂsﬁ?" (headd e gasvﬁ)isumenﬁ@d(p%?)énd a
conbi nati on thereof. 25. The method of claim 24, wherein the sél ected gas

has a pr apérttopicadectsd fromthe group consisting of: a | ower boil-off
tenperature th the liquid, in non-toxic, readily avajlable |oy .

Sol 0ot ity v thrimitg acitsfmgteh 8 For (8 hootiafe SRR, he ROl Rirnaigl W ip
cl ai m24,dehed & (bR bl WheteiaueicRdsdiattie phragdter GLNGIts id A dethasait hod
of claim 26, wherein the selected gas is selected fromthe group of gasses
consi sti rife Bﬂulﬁémip@%b?’rﬁjéﬁht,heﬁ%t?’@@’é@dpressuri zed nethane, argon, and any

conbi nation t f: al[ %}ﬁ | ai wher.el tal IS
an LNG cont ai Egér@és)sgf%cg é‘)&;r r%grga%, Hg ci!heogys{:e ) c%ﬁ)ﬁsm\éha gtgﬂ Dcib & GOAL AL %%up
consisting of: increasing the pressure of the first gas in the container, replacing a portion of
the first gas with a selected gas having a higher parameter ¥, increasing the liquid volume in
20 the container, decreasing a volume of boil-off gas, wherein the volume of boil-off gas is a

result of boil-off from the liquid volume, and any combination thereof.

25.  The method of claim 24, wherein the selected gas has a property selected from the
group consisting of: a lower boil-off temperature than the liquid, inert, non-toxic, readily

25 available, low solubility with the liquid, and any combination thereof.

26. The method of claim 24, wherein the liquid is liquefied natural gas (LNG).

27.  The method of claim 26, wherein the selected gas is selected from the group of gasses
30 consisting of helium, neon, nitrogen, pressurized methane, argon, and any combination

thereof.

28. The method of claim 27, wherein the container is an LNG container selected from the

group consisting of a membrane tank, a prismatic tank, and a spherical tank.



group consisting of a nmenbrane tank, a prismatic tank, and a spheri cal

tank. 29. The nethod of claim24, further conprising: transporting the

| i quid i rwoheloospdoai ner; nonitoring the paraneter Y duripog/ush@9ots@asporti ng
step; determning if the paranmeter Y Mas decreased; increasing the
paranmeter Y if the paraneter Y has decreased. 30. The nethod of claim 24,
further conprising: off-loading the liquid in the container; nonitoring the
parameter Y during the transporting step; determning if the paranmeter Y
has decr edsed;Themetbedphgainhed, fartarspmprivingf t he parameter Y has decreased.

31. The nethod_of c 4 her cQ rising: on-loading the liquid in
t he contalnerqzﬁ%%?lgﬁﬂﬁéuwﬁhnﬁg ¥ SR qu during the transporting step;

det er mi ni ng |fm@ﬂ1ﬁ>rﬁ§ﬁl&’d@ir@rhet¥r metﬁlrﬂgcﬂﬁeemgomn?@fepam ng the paraneter Y if
the paraneter Y has decreased. 32. The nethod of any one of clainms 30 and

31, mh%reln tH@“ﬁﬁmmngﬁﬁh%gm@m@wbﬁqﬁ@é@@ﬁywﬂieps occur at an of f-shore
| ocati on. pr%a pé{ﬂggar%he‘f raﬂ’ {Ptﬁe% rmg{eﬁ{"’ha% taggggstegod | s executed

autonatlcally anmabl e conp system system for reducing
aliquid |npact Ioad in a contalner conpr|S|ng a liquid inpact system

conprisin @h an |d in a container, the liquid having at
| east a d®nsit e@@ﬁﬁo P @?H%% m B SOPBIISRE: i n the cont ai ner cont ai ni ng at
| east an initigkdakily %gﬁag@%dn{ﬁﬁ bﬂk%k?' ul l age gas having at least a

density (po) and a 'yt ropic |n ; a sensor systemconfigured to
det er M@ ne at Imastormgehwpﬂruneteo‘ﬁ‘ duriggities, trafsportin age; vol une, the liquid

densi t PL), n ull.a as densi 0), d an ull age gas pol ytropic
o oxe. cal ool AEBrRe TT48 Bamg et heb PRl g % Por the Iiqu

i ndexa cal cul paraneter Y for the liquid

i mpact systemmm@sﬁgme‘ﬁafa&e@&fw ﬁeﬁ!eﬁa%a&la@%@ma@ decrddsedand an increase in
t he paraneter results in a decrease in a liquid inpact load in the

container; and a controller configured to control at |east one physical

attribute,,of the lLigqu ten1t0 i ncrease the value of the
par anet e?jlY "ﬂle metﬁod of cl%afi farher comprising:

15 on-loading the liquid in the container;
monitoring the parameter ¥ during the transporting step;
determining if the parameter W has decreased;

increasing the parameter W if the parameter ¥ has decreased.

20 32.  The method of any one of claims 30 and 31, wherein the off-loading and on-loading

steps occur at an off-shore location.

33. The method of claim 24, wherein the method is executed automatically by a
programmable computer system.
25
34. A system for reducing a liquid impact load in a container, comprising:
a liquid impact system, comprising:
(1) a volume of liquid in a container, the liquid having at least a density (pr);
(1)  an ullage volume in the container containing at least an initial ullage gas, the
30 initial ullage gas having at least a density (pg) and a polytropic index (x);
a sensor system configured to determine at least the volume of liquid, the ullage

volume, the liquid density (pr.), an ullage gas density (pg), and an ullage gas polytropic index

(%),



35. The systemof claim 34, further conprising a selector operatively
connected to the controller, the selector configured to select a | ow | oad
ul | age gawso 2otvarseson t he | ow | oad ul | age gas i s cal cul at edTtus20v@0e0386 hi gher
paranmeter Ythan the ullage gas. 36. Te system of claim 35, wherein the
physical attributes of the liquid inpact systemare selected fromthe group

consi sting of ;3 theuek WoRfiQired hs Al duBAE a9BSamBict N B} kiROB Q! #ifact SA8em
pressure of the ullage gas in the container, the paraneter Y of the uIIage

gas, the Wheqmnd‘{’w@l detimed st (pe/pedimilainard, am inatareinothe bpirimettr Hyaesultwhieraei n

the volu of bo a result.of boil-off fromthe |iquid vol une,
and any C r’% lhqut“LéI?p a5t Oa%lfltherﬁgmg?gf gﬁgof claim 35, further

conpri si ng: arh wdt@ger RSigatr @antrankt leikst fonbiptlysieamighibaat dfafc Wit fafjRct
cont ai ner; an ull age a}a@gimp for filling the container with one of the

ul | aged geﬁé’StﬁWdOtlmféealS@ anfithgpargaster 38. The system of clai m 34, wherein
the calculator is an automated conputing device and the controller is an
aut omat ed control system

35.  The system of claim 34, further comprising a selector operatively connected to the

controller, the selector configured to select a low-load ullage gas, wherein the low-load ullage
gas is calculated to have a higher parameter W than the ullage gas.

10
36.  The system of claim 35, wherein the physical attributes of the liquid impact system
are selected from the group consisting of: the volume of the ullage gas in the ullage volume,
the pressure of the ullage gas in the container, the parameter ¥ of the ullage gas, the liquid
volume in the container, a volume of boil-off gas, wherein the volume of boil-off gas is a

15 result of boil-off from the liquid volume, and any combination thereof.

37.  The system of claim 35, further comprising:
an ullage gas storage tank in fluid communication with the container;
an ullage gas pump for filling the container with one of the ullage gas and the low-

20 load ullage gas.

38.  The system of claim 34, wherein the calculator is an automated computing device and

the controller is an automated control system.



