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-1- A METHOD OF AND APPARATUS FOR FI LLI NG A CONTAINER W TH CARBON DI OXI DE
-The present invention relates to a method of and apparatus for filling a
cohtainer with carbon 5- di oxide to a predeterm ned density within
acceptable |imts of accuracy. In the context of gas cylinders and*k -
‘cogiainers and their filling, gases have been classified according % g1
Critical Tenperatures 10 (TO) (1968 Hone O fice Report and rel evant
British Standards). The Critical- Tenperature ¢¥e) of a gas is the highest

tenperature at whlchAammrnosaurbﬁnblﬂrrknﬁiusyrenbrssnrns AtCORTRIFBRUI €.
Above this 15 t empera : e pressure conpresses the gas so
that its characteri shiics / G S-S al - OWa-gds—t-hose—ass0s at-ed

with |iquids, though preserV|nghanpebssnmcunyenbiononatatgsfbund method

i quids. Those gases for,n ‘iﬁ?’aqm o3, £83° 1338008 colbRNAekohitno8alPby !

cannot coexi st as vapour ressure
"normal " or higtfer. tdrﬁs’ecriéteun‘»esa @rede acminedddensbey nwhthinaceeptabbe e

gasés for which Tc I|y¥hﬂ¥§\ygegcgaraﬁgqlnus [err] and [err] are classified
as High Pressure Liquifiable ]

those with Tc. greater than [err]
are.classified as Low Pressure El%@PfF&ngx@a9§s$a7h8yiFHFFEEIaB essure
(PC) of a gas is 30 contladneresandetheichfidling, gadéschawe beehi quefy the

‘gas at the critical tg 1§H%ﬁea%%o¥ggpgrék %g%fgnari%icaigégﬁ%e?aﬂéfeéS |

the density of the gas I nventi on
concerns. a H gH®5 (ﬂ%9e4§8§§ EP&&epf§BPé Eﬁsoaﬁdanﬁ ba evant aBribishn
U ' Standards).

The Critical Temperature (Tc) of a gas is
the highest temperature at which a gas can be
liquified by subjecting it to pressure. Above this

15 temperature; ineressing the pressure compresses the
gas 80 that its characteristics change progressively
towards those associated with liguids, though
preserving an elasticity not commonly found in
1iquids. Those gases for which T, is less than

20 minus 10°C, so which cannot coexist as vapour and
liquid together whatever the pressure, if at "normal”
or higher temperatures, are classified as Permanent
Gases. o - o

W, - ' Those gases for which T, lies between

25 - minus 10°C and 70°C are classified as High Pressure

- Liquifiable Gases, while those with T, greater than
T70°C are classified as Low Pressure Liquifiable
Gases. ' '

. The critical pressure (P,) of a gas is
30  the pressure which is just sufficient to liquefy the
. gas at the critical temperature T,
‘The critical density (Dc) of a gas is the
density of the gas’ when at this CRITICAL POINT.
The_pressnt.invention concerns a High
- 35 - Pressure Liquefiable Gas and in particular carbon



-

-2- dioxide for which TC is close to 31.1C. It will be appreciated

that-when a |iquefiable gas is above TC it has the characteristies

associ gt=ed Wi th Permanent. Gases, 5 belng_a si ngl e- phase gaseous fluid .
whi ch not condense to quuid under increasing pressure. To avoid

ambi gu since the word gas is commonly used for nornally gaseous, Call
el ements—and conpounds in liquid, solid or m xed forns as well as 10 R
when gaseous, the spelling GASS is used here#n to describe t he phase state

of a gas when abovqlbkgdgrghkcahibanp ragustosy¥ectondt ,ynger such extrene

d th b t hat | idif 15
R{efZﬁLSrépﬁ?ZgrgelgalT ousagg ;ﬁ g é?pfgcéﬁiﬁgughgiayggso gslv;pour
al one, as part vapdunuaﬁdabaetghsqmsdabaselEgu1ﬂ hasntheand as solid too.
Figure 2-of the C IS oU1Y 08508 1Ataa%yTLAPbE raLABRL bARRAT, {7

car bon- d|0X|de [er The phases'
are named, in%he é@é@& @fSBFSéFF@HFSPn8é§§§F3 fluid Whl¢he“élltﬂ@§l

temperature is shom:ﬁ@htsed,totquudacahaei-hahc!-baégngsnaeseb@a‘ae change
i nvol ved in noving between 't nanmed

% st at Eﬁ tg our %g t hat d25
GASS herein - (and commonly 8|P881§ &ph Pﬁ?t e WRRYs BBM &AsS to
conpressed |iquid. cmmmdmlwsuﬁaﬂewowonermhé&ylgasaoﬁagaiementahandrlt|cal

poi nt G i's that paldiipotinddia1khesd{0pB1 A oPCh1kbh! RofEBSkbY ki 1caGne!

shown) 30 |nters s .the erature [err].
For all the i®ort “b@ﬁﬁEP@Palt§35§§314ﬁ88r§#§§|6ﬁsu5§FmB§ﬁeﬁPe§§ure
tenperature, densi td;e,sc@ribreomheapdasat bahpy afeakgamwhandabawle ies all but .

35 extreme temedical %@mp%ES ure; yet 'h ogaﬁﬁd%Q such extreme 'Q‘J
' ‘pressure (measured in thousands of bars) that it ' o
begins to solidify. -
15 At temperatures belqw'Tc;_gases can exist
" in various states: as vapour alone, as part vapour -
and part liguid, as liquid.alone,-and as solid too.
Pigure 2 of the accompanying drawings shows
a simple phase diagram for'carbon—dioxide (CO,) on
20 axes of temperature and entropy. T"he phases are
named, in the areas of practical iﬁterest.
The critical temperature is shown dotted,
' to indicate that there is no phase change involved in
moving between the state named dry vapour to that o
. 25 '_named GASS herein - (and commonly called gas in this
context) - and from GASS to compressed ligquid.
' As illustrated more clearly in Pigure 3,
the critical p01nt Cp is that point at wh1ch the
470 grams per litre density line (not shown)
30 - intersects the horizontal line of critical .
~ temperature 31.1°C. . _
For all the important commercial gases, the
' relatlons between pressure, temperature, denslty,
entropy and enthalpy are known in deta11 for all but
'35 '~ extreme temperatures and pressures, and data are
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;-3 'available rh'tabular form or on el aborate tenperature-entropy di agram
;for each particular gas with curves of constant pressure, density, ent

and other characteristics added to the sinple phase 5 di agram of wh{ [

Figure 2 herein:is an exanple. The refilling of gas cylinders with a

| i\gquefiabl e’gas in particular carbon dioxide [err] is a demandi ng process.
“When filling cylinders with gas, care nust be taken to ensure that the

gquaptlty 10  of gas put into the cylinder exctdeds .a set M ni mum quantity
(which quantity, nmay Beaihabusahitabupskegord, tde o !éTuiRirdwy cormrer ci al

pur poses). However particular car e en not, to e the *
maxi mum safe fill, noFﬁEPFﬁaEEF?n%ﬁggﬁp%téihﬁﬁ%@ ofoﬁffaCh )%ﬁq s &as
. (taking account of thwi$hrengvesoéftémns@ﬁnhdgrednnrgbfdédsxbygﬁenxhaiﬁynum

mass per unit vol UM @hacBRE! knat el bR LRI 46 add AURDIRE PSR phase

speci fied maxi mrumis nor
density, though &t noﬂﬁ&!rﬂnl anﬁﬂ@hp%?&‘ﬂﬁe% hereiniig ap Qﬁﬂ%nt ed by
part |liquid part vapour, .so themnerﬁeﬁyplﬁqg §£Nges YeFBinderGF£th a

borng titiea (the ~rcadnpaPisbfigds L8 BRLE REFRE e it ol @01

upon its tenperature. is whdemandinggprocessi he Vher fhblinderylindarmugith
gas for liquid to beggast Ocapadﬁa§€ 5@ ibﬁeﬁ'f‘@ é&&f@cﬂwrtué Jd&dmﬁhe

pressure will change ure es. Accord Iy,

pressure is no @i de °F €88 PB¥eF“B? FF rgi#%ﬁ?f ?§°? cﬁmﬂ?ﬁmﬂ%ﬂﬁﬂ tice
measure. the vol urreq:;aﬁtﬁ:ayawhycquﬁmm; naiey . bé otloel Quaret bt arked

T s e <2 e RO 4Rt SondBESTT S6F5odde 5 Sowdl¥h O
: o - particular care must also be taken not to exceed the
. maximum safe fill, normally defined by standards or
. 15  regulations (taking account of the strength of the
' cylinder being filled) as a maximum mass per unit
- volume of capacity. -
In the United Kingdom the present specified
maximum is normally 750 grams per litre of C0,, :
20 . which is a density,'though at normal filling
: temperatures this wiil be represented by part liquid
part vapour, so the ternm average density may be more
_ appropr1ate._
U o . _ ~ When vapour and liquid are both present in
o 25 - the cylinder being filled (the "receiver"), the
pressure in that receiver depends only upon its
_temperature._' Whenhfilling,'from'the time that there
is enough gas for iiQﬁid to begin to condense to the
time the receiver is”full, the pressure will change
30 only if the temperature changes.  Accordingly,
pressure is no guide to the level of fill, and it is
- the customary practice to measure the volumetric
capacity of the cylinder, to calculate the maximum
_ mass permissible from the specified maximum density,
.35 and to establish_the'safe_maximqm weight for the



filled cyllnder by addi ng the enpty wei ght of the conmplete cyllnder al so.
ysly neasured and usually nmarked on the cylinder. Thi s HHXIWUm

t hen used as the criterion for the maxi mumfill. 5

the customary practice to fill CO2 and simlar Ilqueflable gases
by a weighi ng techni que. Typically, the ﬁBXIﬁUﬁ]fI||ed wei ght is marked on
the cylinder to be filled, 'or the enpty 10 ‘wei ght and vol unmetric -uﬁyg.
capacity are nmarked, so a target- melght for leI ing, safely inside the

maxi mum can be pr ect ed. |nder S coupled to a suppl of C2 and
pl aced on a melghlﬂésﬂﬁ%% 4;%5 s afiding jther enntyy wedieh ﬁ%ﬁh?ored
during fill hng untcdmp]lewwmdm ul%hd@ﬁmrﬁuﬂygmeasm@a tﬁlﬁq suppl y is
di sconnecfed. Accur u t he §6d oor ¢ o] e _su

the cylinder on thelas%(%l'ifnen%%%% Eé’nt %& gArt- 51 fthe %g’l gggéltq ng
whi ch adds.to the & gmemmsir@d! & tond teaiigint fofr ttdnc g:ssumuml :Eqmﬂ.d :
withinit, beigng difficult t apehat grmiige: th@rceas'ﬂmﬁrfya?ﬁac%itcgeté hhkity to

error-in the processes of_ -reading f.igures, of calcu

needed, and of cor &g BPGRIAILES ddagef iahd o @adefe dTnE Yeighisgnce _
overfllllng can prmecﬁmﬁmﬂhe safety of the cyllnder this process requires
speci al care and the use of s ggéstaff |nvent|on

Th

~therefore seeks to provide a ad ﬁ%F%gﬁuﬁfmghgyﬁﬁﬁgr§F&§%Foﬁ f||||ng
a container with c@ﬁb@ﬁddpaxﬁée cyid nideverto e fiddesigelos thepenpitgte a -
met hod of and @ppakatight dndl vdliul 13 160 eIt g.t ﬁrkedcarsloog. di oxi de
to a predeterm ned deS|red de %lEy g@ se use, does not gU|re know edge
of the target weig or filling, safely inside the maximum,

: ~ can be preselected._. - '

The cylinder is coupled to a supply of

002 and placed on a. weighing machine, and its

15 -1ncreasing weight monitored ‘during filling, until it
approaches the maximum weight, when the supply is
_disconnected.

Accuracy is lost due to the need for -
coupling the supply to the cylinder on the machine,
20  that part of the weight' of the coupling which adds to
' . the weight measured and the weight of the gas or
liquid within it, being difficult to determine.
_ - More 1mportant is the . liability to error-in
_ _the processes of reading flgures, of calculation when. \uﬁ_-
25 needed and of correctlv matching target and observed |
weights. ' ' : . _
, _ Since overfilling can prejudice the safety
of the cylinder, this’ process requires special care
iand the use of skilled staff. _ ' :
- 30 o o The 1nvention therefore seeks to prov1de anx
 improved method of and apparatus for filling a
container with carbon dioxide.
' The invention. also seeks to prOV1de a
_ method of and apparatus for filling a container with
35 'carbon dioxide to a predetermined desired density,
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volunetric, capacity of the container, and does not require recourse either
to weighing or to volunetric nmeasurement of the gas being filled, and yet
. presents 5 - no absolute need for the container and its contents to be
~a tenperature above the CRI TI CAL TEMPERATURE of the carbon di oxide bei fg&k~
f lLied. According to one aspect of the invention there is provided a r
~of filling .a container of 10 unmeasured volune with carbon dioxide to a
presel ected density conprisi'ng the steps of:=5a) establishing, for the

particul ar presel ectyathdieRigd WoelsdotS FeqRfirl” &h2W18AgR267 Shewhi Ch
. characteristically corresponds to a uni que 15 t enper at ur gl her than
- the saturation tenpefQ¥URESTIC CARSGE T &F Foer Gr°nttﬁah“ed'en§i“§y, °gf not

- registeri ngl.t'hic s 1-trequired atﬁwﬂ?-fsiep elimh\efe-ertot Iwei_gma];gum godvbtupetatior e
In a sultable formt val [ I I C.0:QFk or |

~wth indicated ress'ﬁ?%glrgelnaelnntg%cfgttf&% 155%)39 E{A %r 5&?1&"’5&3@@?&93? %3%§§Pbon
- dioxide to the Zont iheabsaluteomeed Lo Phigegontgings esdt ditsecootents

carbon dioxi de bei ngréwplded ttengedatuHediabRivedtnéd CRITICAL TEMPERATURE
tenperature such that,the congfnt of .the cqntaEg ., when the preselected
o T g

+ density has been fedtheth® && ?ﬁﬁﬁigepﬁgééﬁ. continui ng the supply
~of carbon dioxide as the presdcodrdingheoc oneaianspectt tofl thet Havddtion

registered pressure Lyl @HRRAAY B9 nbdnblC dF31LARCRUS e ERGRA! Bee Of
t he carbon dioxide in the cortalner. I'f appropriate, pressures an .
tenperatures nhQ be wRgaLIRAd cm:mmtwy.ces%on dioxide t0 According to a

fslfg‘gﬁlnﬁ aspect of thepreselected’ Aenslty RemdrisiRgOthecdtepeber di oxide
S1hng a) establishing, for the particular
preselected density, that set of pressures each of
- which characteristically corresponds to a unique
15 temperatufe_higher than the saturation temperature
of carbon dioxide for that density;

b) registering this t-to-1 relationship-
between the pressure and temperature in a suitable
form to be available for reference, or for comparison |

20 with indicated pressures or indicated temperatures;
e) supplying the carbon dioxide to the
container; _ ' _
| - 'd) controllably heating the container or
o | ~the carbon dibxide'beihg'suppliéd to the container or
" - 25 both to a temperature such that the contents of the
'container;jwhen'the'preselected density'has been
reached, are in single phase; -
| @) discontinuing the supply of carbon
‘dioxide as the pressure in the container attains the
30 registered pressure level corresponding to the
instantaneous temperaturé of the carbon dioxide in
the container. = ' _
If appropriate, pressures and temperatures
may be monitored continuously. _
35 - According to .a second aspect of the



appar at us conprieing a reservoir of carbon dioxide, neans for inducing a
fl ow of carbon dioxide fromthe reservoir, valved coupling neans for

I ecervr a 5 container to be filled with carbon dioxide and providing -
comyiiNgat i on between the container and the neans for inducing flow, and

heat ans for heating the carbon dioxide flowng to the container -
and/ o or heating the container when coupled ta the 10 coupl i ng nmeans #ﬁé

to such an extent that the tenperafure of t contents of the container :
when filled to thejpyeselsst ellef@ns tyrbdvidddveaiben | dieside t £IYkImg ure at

whi ch carbon dioxide is in essed_| h d :
- tenperat ure sensi n@pﬂﬁﬁﬁgu?o?°ﬂgrgg{%§n§rﬂﬁégﬁvg{ﬁ? @gu? ?gﬁrépég%?ptagre:‘t 3pe of .
the carbon di oxi demeandi fior hindecing ner flewi of | carben t dhpeide Ufromeihyy t hat
tenperature above yj mggpv§i£ t9319@&b@&uﬁiPﬁédﬂehﬁstf@rcggééi@fﬁg'é ina

si ngl e phase state ressure. measurenment | 20
i ndi cative of 5t he GQﬂﬁ&%?ebftPh e cBi bbed (Y %R g2 F ROR heiedH %J%éé Accor di ng
to a third aspect géovheihgveaﬁm@ﬁiéheienlsepweundeueacanthodenfamd|tnmg a

- container with carbon _digxid |l ec e rein the
pressure and/ or teﬁﬁ@?ﬁtg?ﬁ g?aFﬁéngafggn’déggl%gaFéng H€££¥Iedpsuch t hat
it is always withihetaliéngotheessetion upuide thewingngPethhagentetiens of

the property Cha”aha/o}hg Subawﬁ%etﬁ@dcaatamsraaEﬁeéoumémetds egheN
near- 30 above, at’ or om1t

ritjcal ar bon_di oxi de.
Al'so that thdOdepacoupding peangi @ 8nghian exvent %ﬁ?g %8§03?53§r% ure.
“inaccuracy whi ch wplel thecktofieentspetf enei contabnehewhanafpibeddea tiyet he

and tenperature toPAPENCPRACCARRE1 L TE abbVCLAB E0NEL TGN PavRr oS o~

at which carbon dioxide is in the compressed liquid
phase,.and-pressure and temperature sensing means for
‘15 - sensing the pressure and temperature'of-the carbon
dioxide within the container; said lowest temperatufe
being that temperatureeabove which all the carbon
dioxide in the container is in a single phase state
- whereby the pressure- measurement is directly
20 indicative of the denSLty of the carbon dioxide in
' the container. . '
' According to a third aspect of the
invention there is. prov1ded a method of filling a
container with carbon dioxide to a preselected
25 - density wherein the pressure and/or temperature of
" the carbpn dioxide 1s controlled such that it is
glways within the compressed liquid or GASS single
phase regions of the property chart for that
substance and at.teMperaturesfinethe region near-
30 ".above; at or.below the;critieal tempefature for
 carbon ~dioxide. . .
Also that the departures will arise ﬂue to
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'5 .exposed and those representative of the thernodynamc state of the
i cylinder contents, and |nperfect|ons in the data output of the sensors

thensel'ves and in the precise timng of the closure of the filling val( y
- Accordingly, acceptability can be achieved 10 by reducing these sou i}g)
. ofg_knaccuracy by careful design of and sel ection of conponent parts for e
apparatus, so that their total effect keeps the actual fill wthin the
~limts described. Aternatively, the m ni mum quantity representing the 15
'lower limt of density can be reduced to |n0fease room for .inaccuracy;

" however, “the wide limts of . current commerci‘al practice are likely to be
nmor e than suf fi ci emerigus agdenees ohcinpeamnacy whdieh ordlilo inedpdeart her

- advantage. 20 mperfecn@ﬂ@aiﬁtmef@ét@rggrarir&'aah% Ghel tabilg 8roas

cylinder with carbon  di oxi de and enbod e i.nvention will now be
~described, by way BFe8%@RpIand Fempers Qﬁuu§QQ}%lﬂé t4eTERGRRy PRGWeeD
~ diagrammatic draw mpe, pressiréhan@5temperature to vﬁiigﬂr &hk isenaobbkoele

di f th o
for “Car bon Di 3¢, doExBpHis aa¥) tode Fol HAMh Biye) I {hEriBaTHERTY | 1OV
Tenperature versusskateopy &hel ¢ylimdentdontentms ayfd dqperfestdonsr dnand
~density; Figure 4 'tﬁeadﬂtépl?u%uﬂ_e@eﬂ?é Lﬁé‘né’c?zrss%e':ﬁfs%i%‘érsea%ﬁr 1802he

~illustrating lines- of e densi t ure is a
tabl e of tenperatuP&® 8\‘ 3 imm& ?fl?h?/eqjs‘l%"’&?er%#tﬁ}‘eofﬁééég\%vé 8nt ai ner
being filled, for a presel ecAedosi@ivily, |asceptubl ity o Bemashfievednsity.

; ﬁsgi{"gg“g;g fpgg;g@ 3elbing' tH8Se Jsourdés e e ch Al y° Wallekuiar PO

design of and selection of component parts for the~
apparatus, so that their: total effect keeps the
actual fill within the limits described.
Alternatively, the minimum quantity representing the
15 lower limit of density can be reduced to increase
' ~room for inaccuraey; however, the wide limits of
current commercial practice are likely to be more
than sufficient, so allowing the present invention to
reap further advantage.
20 Apparatus for and a method of filling a gas
cylinder with carbou;dioxide-end embodying the
_ invention will now be desecribed, by way of example;
&VZ_ with reference to the_accompanying diagrammatic
_ ~drawings, in which: E
25 ' o Figure 1- is a block diagram of the
- apparatus; _ .
' Pigure 2 is a graph of Temperature versus
Entropy for Carbon .Dioxide; '
F1gure 3 is a graph to an enlarged scale
_30 show1ng Temperature versus Entropy and illustrating
_11nes of ‘equal pressure and density; '
Figure 4 is a graph of Temperature versus
Pressure for COp illustrating lines of equal
- density; and ‘

3% . Figure 5 is a. table of temperature of a



Iy li.ne is
respective valves 8 and-10 to a comon supply line 12. The supp |
p ed to a filling valve 24 through a filter and check valve 14, an

conr
ohdl 16, a pu 18 and a heater 20. A tenperature 10 ~ sensor
ggt Lscgﬁge{enperatﬁrgpand a pressure sensor 35 senses the pressure_of )
gas Supplied to the filling valve 24. An optional "exhaust S|Ienoer 27 is !
coupl ed to an exhaust vent (net shown) of the filling valve 24. Anb ‘i -
optional recirculation Iine 17 connects 15 the filling valve 24 bac 0

led to the filling
the pu 18. A cylinder 26 to be filled with gas is coup

valvg gg and a heater 32 is positioned to™S0pply heat to the. cylinder 26.
A tenperature seﬂﬁ@'f@ﬂlnuﬁnsns;denSﬂwgnper80§renoa ‘tbatdfner cylinder- 26.

I a he.reservoir 6 and a'
Lemperat ur e senaers SE ot %*él%?‘.’&eﬁ"?%%@o. B O ehB L hera; bhanohe no

reservoir 6. A SIFIBHD fafiecdensd tanper at ure sensor 25 (not shown) may

be provi ded for t he reservqs'sﬁowﬁ qgn@ﬁghkgr13$ F?|9089e %gdZZO Eﬂe cooler

ers 28 32 and t he |
é?esgnsepge sor j%ﬂhﬁg' %tEPBP XnQBF§°22d196 @fdgaa. tlepough - :
A panel 40 suppoﬁanpduxmxmewaﬂmmscanandlsolmotaecsﬁﬁahogn gfzygﬁ%and heat E
Cemperature ndh o or et S‘*’f’?ﬂﬁp 13, 8 BoRfekBPastS aPHEITiag Valver the
t enper ature indicators pro V|suad 138 e e
pressure and temfér dtfimete 8s &4 Lispri nadt chpekavaleea » PRE'SSPIt

- 1 o] ndgry pr '
ggrfgspondl 39 trgt:tzgfar t%ggﬁggﬁin?r Es aﬂgegeﬁg%tggg %gr egcﬁéﬁo#é]te%% nor mal | y -
“linted nunber of° Tasdtms §§P§eF| BBﬁEF HES #Bd 2apreesipRe of )

- sensor 35 senses the pressure of gas supplied to the
' fllllng valve 24. An optional exhaust ‘silencer 27 is
-coupled to an_exhau-t vent: (not shown).of the filling
valve 24. An optional recircéulation line 17 connects
15 ' the filling valve 24 back to the pump 18. =
o A cylinder 26 to be filled with gas is
coupled to the filling valve 24 and a heater 32 is
'p031tioned to supply heat to the. cylinder 26.
temperature sensor 34 monitors ‘the temperature of the
20 cylinder 26. S
' ' ‘A heater 28 may also be provided to supply
heat to the reservoir 6 and a temperature sensor 30 _
'may.be prov1ded to monitor the temperature of the . ~
reservoir 6. A similar heater and temperature sensor
25 (not shown) may be provided for the reservoir 4. _
' A controller 36 is connected to the cooler
16, the pump 18, _the heaters 28,32 and 20,  the
-_fllllng valve 24, the pressure sensor 35 and the

: 'temperature sensors 22,30 and 34 _ °
30 o - A.panel 40 supports the operator controls
- in the form of- pressure ‘and - heat control dials (not
shown). ' '

"The panel 40 also includes pressure and
. temperature indlcators prov1ding visual or other
35 1ndlcat10ns of the pressure and temperature sensed by
the temperature and pressure sensors 34,35.
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5 gas 1o be filled are also provided. " Figure 5 shows one such table f
the gas 002. The tables should be in a formsuitable for conparison mrtégigg
i‘ndi cations fromthe sensofs. In operation a cylinder 26 to be filled I
with (say) C02.is coupled to the filling valve in the formof a gas cock
24,~ and one of the control valves 8 or 10 is opened. A heat control dial
(not shown) on the panel 40 is set to a tenperature of say [err] and a

start control on-the panel 40 is actuated. 15 The controller 36 responds
by energising the three heaters 20,32 and (if fitted) 28 to heat the cenmon
supply line 12, the cylinder 26 to be filladand (if heater 28 fitted) the

reservoir 6. The controllermaggggndg tempenadlired &3 copsu¥reyhyt the
outl et from heater to _control supply at
not less that [er™ 8§H69Fe§8658§P983§8ﬁs€? gﬁ n%a éﬁrQﬁAH1 953% 32 so the
cylinder 26 and |tprasymemﬂe§ feackaaht efipthat noemakly limifedanumbedn ng

nears corpleti on. 25 pariBiG SARLT PAASInETNeRL P01 sse&pdeaargeeygre £r 28 is

fitted, to tenperd ure Sensor con Ing t e heat er raise to and
‘mai ntain the Tyl i gt ® de £iddedasre edapeproviidedsaFigute 5 Ahaksn as

the selnlsor gg | ndigid @chhdable for[ ¢he] %asfcggt bEes taskdedrdield Cen
control | er actg to ener |se and so, as | Iy t he
heater 20 and fill S‘?%d"\/ﬁ S}’-&%Pﬁg §Prn88’f‘p§% ’E’?'gsﬁ‘f pl%%g .
tenperature wthi rfrtdue thyel Bnasorse sensed by the sensors 35 and 22 are 35

moni tored on the panel and gomugedsiyn! BScaRERELPT26 3o lbd- evitdathe
gﬂgcted t abl e of pressure versus tenperatures at tfe desired

ity. As ¥QI1i et scPhelﬁeﬁﬁEP&PGrE°mFFF f%%t@?%l%& YRI¥siow y so
that the conpl emenfiad Yeorm of a gas cock 24, and one of the control

valves 8 or 10 is opened. A heat control dial (not
shown) on the panel 40 is set to a temperature of say
. 30°C and a start control on the panel 40 is actuated.

15 '_ The controller 36 responds by energising the three
heaters 20,32 and (if fitted) 28 to heat the common
supply line 12, the cylinder 26 to be filled'and (if
heater 28 fitted) the reservoir 6. _

The controller responds to sensor 22 _

20 (mounted at the outlet from heater 20) to control
heater 20 to maintain the COz-sﬁpply at not less
that 30°C, and responds to sensor 34 to control _
heater 32 so the.cylinder 26 and its contents reach a

_ temperature'near SO'C'as filling nears completion.

25 ° The controller may also respond when heater 28 is
fltted to temperature sensor 30, oontrolling the
heater 28 to raise to and maintain the cylinder 6 at
a suitable temperature, say 20°C.

' -As soon ‘as- the sensor 22 indicates that
30 30°C has first been reached the controller 36 acts to
. energlse ‘the pump 18 and so gas is pumped through the
heater 20 and filling valve 24 to the cylinder 26.
' The pressure and temperature within the
cylinder 26 sensed by the sensors 35 and 22, are
35 monitored on the panel and compared by the operator



5 essure for the preselected density can be foll owed on the table.
Vhegggaessure i ndi cated by sensor 35 and nonitored on the’panel 40 i's seen -
. by operator to match the tabled pressure indicating the desired ot
density, he closes/trips the actuator of the filling 10 valve 24 to cut
of f the supply of gas to the cylinder 26, which action causes the - _ 4:2

controller to stop the punp 18 and to deenergi se heaters 32 and (as.
appropriate) heaters 20 and 28. Alternatively, instead of stopping.the
punp 18 the supply of gas is 15 recircui@ted through the optional line

17 to the inlet g& hh@hgugglégte%f%%ﬁfésopeéﬁ%ﬁﬁﬁpééaQéﬂgkg will be full to

the presel ected dénsity-o I'n acc Imts.. The
controll er flnalﬁﬁm@96ﬁ§urﬁ§ 8qnatQp stntheolesited dansitshaust 20 .

silencer 27, to enpty Q02 iéoalihrngoypéé@a%%o?ﬁ& é%éf&ﬁ%ﬁ giri%q?zgleﬁg ;gna )

of the now filled . recei
" conparator 36A fo'rlsgufﬁl\'frﬁ'ﬂgﬁtrayys£8 rffg %%Ya%"’epﬁ QR AMeREAe pressure
1l evel corre$pondiprgssurgsfor the preselectem dhnsﬂtmlcﬁnghesﬂoManedn

corr essed 11 aui §,04,GAESupRISCINGh 5rb8ORES Lo lHA Y I gordle cped BY

the tenperature sensor Wit Fessure sensed t%ai ner .
The conparator a@pd Pﬁnﬁégﬁéﬁsénthb?eP%n?b 40 is tarem AN dthey adenat®30

filli Rg val ve andoceaateal théetﬁumédypfgsé‘ﬁﬂediﬁ&?é@@.ﬁdn d%@fdédieéaeater 3%
Container after dPEBdieckPonBrRE/ BEHRS pRt REBISHE CEIa d it e gas
35 in tH® contvailver 2w ftb nutnaffytharsupphpdbfrgasrto|thé ajdrivider.  For.
conmmer ci al reasoQ% §§90h°act13ﬁsc§ﬁs%§fﬁheyco{ﬁgégﬁgf i%\ dp nis |n'¥4
terns appropriate to densities above (the equi val ent . ,
met hod for sub cPHEPcAP eaAgée Aepseretseeaters appanhiles Figure 3 3
|IIustrates mor e aplpedpriate) heaters 20 and 28. Alternatively,
' instead of stopping the pump 18 the supply of gas is
15 recirculated through the optional line 17 to the _
inlet of the pump 18. At_this_p01nt the cylinder
”w1ll be full to the preselected density'of gas,
within acceptably close limits. The controller
finally opens the exhaust vent coupled to the exhaust
20 silencer 27, to empty COp from the coupling so to
| facilitate disconnection of the now filled’ receiver.
| The controller 36 in a modified form _
includes a comparator 36A for automatically comparing ;;; '
data representing the pressure level corresponding to
25  the preselected density of gas (when 1n compressed
| liquid or GASS phase) at a temperature currently
lindicated by the temperature sensor with the actual
pressure sensed in the container The comparator
N acts in’ response thereto to trip the actuator of the
.30 filling valve and control the supply to and
' disconnection of the heater 32 and the pump 18 in a
sense to produce - the preselected density of gas in
the container after disconnection.
~ The den81ty target pre-selected for the gas
35  in the container w1ll normally far exceed the
| critical den31ty " For commercial reasons, and to



]

5 the relatiion of pressures and tenperatures for those densities which
are greater than the'critical density. Figure 3 al so shows the j
juxtaposition of liquid and” GASS phases and illustrates how packing o
into a container, in a single phase condition, 10 at tenperatures betow
the~critical tenperatures is possible if tenperature is appropriately
controlled. In practice, when filling a container with C02 a fill density
of (for instance 730 gramper litre) would be preselected in order to
achieve a 15 ° safe underfill not exceedi+lg-a maxi num of 750 grans per

litre . 1t will be g B&SEiaiggiiya%h§f§3§§ﬁég§;{§'Heféﬁﬂ'%£€QnU%£rE§-

established to any desired gree_of acc g'care ul_ wel higgi, and any
systematic 20 d@pRFPBFd2FeoRP plesel tiee 2H9Y Qﬂiﬁ%ﬂﬁéunﬁﬁ%lg 388 in
calibrating the appguavaleht nePhodefof Ssyb antisiinal Hardet deasapiesci at ed

i nfﬁﬂff :ﬁf Wﬁg&ﬁﬁ%ﬁ%ﬁgiﬁg ;i@%é@;ﬁﬁ?tm f&ﬁ%ﬁij
toget her defi e a RoEeLA chit SSNTRD empanadu 1oF's 8ted, so
T T nePer AB1EA0E, b gypies ket e el thadrs i e act 1o
ﬁ target'}enﬁeratuagﬁﬁgggelgﬁiﬁﬂrzo§ %}ﬁp(ﬁﬂﬁfigﬁy%ﬁj:2§§ &%&ﬁé&?n@%. The ,
eating of the confldga¢d and/ GASShphgass sapd dtrd ot packiings of
femperature at the PRrahch PoPFrHBSTs 586 St bl Sordusion, 2 B7, 72
sel ected to B arodtdtemperatures beleov ctite temnpleieal rtempenafmres iisut
posttively above t BosbiL6NEd12 0k LA Ot & TP ¥ opofatdly EhtHoINRR.
presel ect ed densytyfu_Prefer?gl raggiggfggﬁen filling a container with
COr a fill density of (for instance 730 gram per
litre) would be preselected in order to achieve a
15 safe underfill not exceeding a maximum of 750 grams
per litre. | '
It will be appreciated that the actual fill
achieved may be established to .any desired degree of
accuracy by carefulIWeighings, and any systematic

20 departure from preselected fill observed may be used
in calibrating the apparatus to improve its '
precision. - '

(. S It will -be appreciated that the maximum
' safe density of fill defined.by regulation, and the
25 minimum fill which, for commercial reasons, is
required to be achieved together define a range in
which the.target density must be preselected, so that
maximum departure'frbm_thié'preselected density will
“keep the actual fill within the range defined.
30 " When filling the container, a target
' temperature iq.selectéd for the contents of the
~ container. The heating. of the container and/or the
gas supplied to the container is controlled so that
the contents of thefcbntainer are close to the target
- 35 ~ temperature at the time when filling is complete.
| The target temperature is selected to be around the



te ture shoul d not exceed [err] blood heat. 5 oo
Adcggggbeously the target tenperature of the cyllnder I s” sel ected either
int range of fromJ[err] , otherwise in the range in excess of 31.1 -
C. Figure 4 is a graph of tenperature versus 10 = pressure for |liquefied
C02 and shows curves for various densities. As can be seen, the 0.5, 0.6 ;}-
and 0.7 density curves all merge in joining the liquid saturation line att ™
t enper at ures above [err] and so the Figure illustrates why packi ng 002 at
15 t hese densities and tenperatures bel ow [err] is not possi bl e wit hout
wei ghing. Figure 4 is useful in as nuch ad2+t relates density of fiII to

the paraneters bgw&e&rtf@d:tadat&mtof Scﬂeerc%wer @osrieh%qesure

It will further reci at'ed. t hat, nost. of fu ctlons ri.hed above to
the operator are2BfY rE@? i&ﬂ?%ﬁﬂ%??QF%ﬁrqquﬁﬁﬁﬂﬁﬁﬁ; & 9% t eaffar at us;
particul arly theatotparbseseDécvmbidensickydlat Prsifleraddiya theowafrgbat mould

becorre) @ set |1y 8Ra@hatucl TRLIA SIO'S Bod WPEIHAELY HaAY e | nstant

initiati on of the SBHLEACE 0 era 1 ons en “t'h propriate data match is-
achi eved. %he. operator nu&dvam#aasnnsiy,|thq|tgnaptrégmeseet@ﬁeth£

e SRS e e oty e ko v
sel ected. noni na?8 @nﬁ%r?ﬁj {]é e"?ﬁ?‘ﬁ‘ﬁb‘st% qe‘??ﬁerrét‘\ﬁee F‘ar‘?@‘é’%ﬁﬁ i ch the

_fill is to be coppleted (though th|s nay wel | be automatically selected -

~ when registering the gas ap y, f must al so
reset these should the deS|r%§F? %I EE?%?* Oé(¥%¥§ ﬂdﬁg?%éver@ﬁs_l3 “but -~
in conmerci @l erC?S%Er@hf@rwliqu¢ﬁﬁe lﬁhﬂﬁﬂ%ﬁ?rves or o

. various den51ties. As can be seen, the 0.5, 0.6
and 0.7 den31ty curves all merge in joining the
_ 11qu1d saturation line at.temperatures above 20°C
'and so the Flgure_illustrates ﬁhy packing'coz-at _
15 these densities and temperatures below 20°C is not
possible without weighing. ,

Figure 4 is useful in as much as it relates
density of £ill to the parameters being controlled,
that is temperature and pressure. -

20 It will further be appreciated that most of
- the functions ascribed above to the operator are
‘entirely sultable to be incorporated in the -
- _.apparatus, partlcularly the comparison of- monltored ‘ﬂ*ﬂf'
data with data’ from (what would become) a set in an '
25 . internal store of such data sets, and the instant
‘initiation of the sequence of Operations_when the
'approprlate data match 1s ach1eved. The operator 'f”
must, of course, inltlally reglster on the controller
the gas selected when the supply reserv01r is
30 '1nsta11ed ~and register the desired dens1ty of £ill
and perhaps also reglster the selected nominal
. - _ ' 'temperature defining the temperature range in which
' ' the fill is to be completed (though this may well be
_ automatlcally selected when reglsterlng the gas and
35 the density to be filled) He must also reset these
~ should the des1red fllllng denslty or duty change,_



In Figure.2 the curved Iine separating the Iiquid and vapour phase from t
conpressed liquid 5° phase is coommonly called the liquid saturation
curve, and represents the range of physical states of the gas when it is at
a pressure and tenperature at which vapour can coeX|st with liquid, but the
ggg is all liquid with no vapour present. 10 o - I'n the context
filling a cylinder, it represents the states at tenperatures bel ow the
critical tenperature (TC) (with a conplenmentary density and pressure
correspondi ng to each such tenperature) at mhgsh the cylinder is just ful
of 15 liquid,-the |ast gas bubble having condensed. It wil|l be
under st ood t hat th@“ﬁeﬂﬁo&°&ﬁﬂrﬁbﬁbrH?%ﬁtﬁﬁgc?h%%dW%H%LHQ$tQﬁﬁeqMHQ1
tenperature and praesfuieedor the desired density each exceeds the

+ tenperature and pressure on ura | i n correspandi GO t hat
density, thereby doubly ensu? Eigﬁﬁ? % gﬂﬁh§% %? %*%3 é ¢%$ﬂ‘3§s I'n the

~filled cylinder isliiquide andnyeposedphiageai rpnathe @nmbt¢ﬂﬂeﬁcﬁiﬂuﬂdat its

pressure and tgnper. € 1@ %ohﬁ@hﬁgt b!@l@a the U848id YaatPration curve,

Thus, it will “be-understood sing resent 1nvention, the desired
- safe density of fi andc Z9 PEES8AkBe TR HP‘PGEtPE Physieat siates At & ur enent

| ?f | ?/oldumet g ic Cﬁpacgat%vmm tike il]geaesaapyesshcell 8hd otempe ratitde amisshich bed
T e and wi t hout neeaq or .a, el r t ts oci ate
“liability to error8§W3rd§ﬁ§n§°F5Fs§kVF?ngg?%$$ aﬁuénﬁﬁ% é&é\ EE?i

A method of fillingiguidnwiithenoovaponeapueeanol ume with carbon dioxide to

a presel ectegglensity conpri %F”Qhkhéoﬁ‘h@ﬁi 8k £iPling a cylinder) it
e§tabl|sh|ng, for the particu resel ected density, that_ set of pressures
each of represents the states at temperatures below the

critical temperature (T,) (with a complementary
- density and pressure corresponding to each such
temperature) at which the cylinder is just full of

15 11qu1d the last gas bubble having condensed.

It will be understood that the method and
‘apparatus described ensure that both temperature and
- pressure for the desired density each exceeds the
temperature and pressufe_on the saturation line

20 corresponding to that density, thereby doubly
ensuring that the physical state of the gas in the

_ filled cylinder is in the compressed liquid phase,
Y S and therefore that its pressure and temperature are
indicative of its density.

25 - .  Thus, it will be understood that, usihg the
present invention, the desired safe density of fill
can be achieved direetly, without need for '
measurement of volumetric capacity and the necessary
calculation of a safe mass to be filled, and without

30 need of a weighing operation with its associated

 liability to error and demand for skilled staff.



-terrperature in a swtable formto be available for ""mm,&ﬂ ﬂl Im
conparison with indicated pressures or indicated tempeka upplylngr~
the carbon dioxide to the 15 container; d) controllably heatlng t he <
contai ner or the carbon dioxide being suppl Leg.to the container or both to

a tenperature such &p i t he contents of the container, when the presel ected
density has been 2 ached, are in single phase; e) di sconti nui ng the
supply of -carbon ditaxi de as mhmeNheﬁsuﬁefdmlEhg aoBbAtACheRt bRI NS the

registered pressur g hakghee! (SIRAATLANY! BabSy' H2bRRYANERUS | STPCOrature of

t he carbon dioxide in Phdd according to
claim1 wherein th@?ﬁﬁééép§§@edea§n§7tFOMQPSQRBStﬁuetatBBSabﬁve t he

critical density. 3. A A)nebmaslasﬁehg'nso%Otﬁéapa}&leﬁlaP ctaim2 30
conprising the further noni t o rlng the tenperature of the -
r

container, inferri®§ esf ng epgpﬁﬂéyofthﬁﬁese BSnPHPﬁﬂPﬂéslﬂaﬁhe°f .
contai ner. and |dewhdbh|cgarheteegesFeaQMgpceaseeﬁohesetoCﬂrﬁﬂﬁ@ﬂéd{ng to
this 35 t enper a n nitoring
thespressure Fﬁ thrgléc§e?.g'qu'tr(g hﬁghgg %gEﬁntqg 3%%¥ﬁath8n ga?g%gggﬁrﬁressure
level , or successi 9& ceysps, dﬁeenﬂpffea that densit®; net hod according to

claim3, whenein the 5 conne@egle&ethagcxhaad¢ntaL¢ Falasdoflvhi po

in, the range of from/[err
filling to a tenpega %%egn the pressure and temperature in a suitable :

U

.form to be available for reference, or for comparison
'with indicated pressures or indicat-l temperatures;
| | e) supplying the carbon dioxide to the
15 3 container°"-

d) controllably heating tho container or
the carbon dioxide being supplied to the container or
both t6 a temperature such that the contents of the
container, when the preselected den31ty has been

20 reached, are in single phase; -

_--e) discontinuing the supply of carbon _
dioxide ‘as the pressure in the container attains the
registered pressure level c°rresponding to the _
instantaneous temperature of the carbon’ d1ox1de in _ g;)'

25  the container. EEE o
2. A method according to claim 1 wherein the
j'preselected density. 1s selected to be above the
critical density.- : _ :
3. . 'A method according to claim 1 or to claim 2
30 compr131ng the further steps of:-
: ' 'a) monitoring the’ temperature of the
' container, inferring the temperature of the carbon
dioxide in the container, and identifving the
registered pressure level corresponding to this
35 temperature and_to the selected density;



?5 A net:hod according to any preceding cLa_ﬂL_MDELELﬂ_LEE_EPntéfig;

. of the cylinder are rai sed during filling to a tenperature In excess

: [err] tO 6. A-met hod according to any fﬂﬁmm

wherein a target tenperature-is selected for ‘the mmn)"m,ﬁ"jcont ai ner

- andswher ein-t he heating of the container and/or t e tar'bo disoxtde suppli ed
to the container is controlled so that the contents 15 of the container
are close to that sel ected tenperature at the1§Lne filling is conplete t he -

said target tenperature being ecte wh in the ran
t enper at ures near-above to bel Pﬂglgp ¥§a$ Feﬁﬁ%?%?ﬁ?e %ftQ%e car bon
di oxi de, but 20 posntainkey ahdveomperhhguhu uathrhheomegtaﬁnraﬂnJre of

the carbon dioxide fgbobligrl §agbes! 88 daRTbEYIVS evelmg{sﬁ

according to claim6 wherein E he rang rom
_tenperature is selected is bloédmﬁé PdoPCS?CﬁIQS "o glaim 3, w

; S'°X'd§ flllIng??ppabahu&neenﬁrlthagcalaﬁae?varé 9£1§adb@wrihg»@ik11 C 1
or 1 nducling a oW 0O carb di oxi.de romthe reservoi |ng

s e g oy 8 sERpaPRuRr B 1 ic they Fahlt, PE EEIR A0 X4 B L4

+ provi ding comuni catBen 30 BAemegbndt Becosdingnte anyl phecedimg dlaim,

i nducing flow, and hg ?Eb&%n”ﬁﬁ@scfzﬁ%em@t b@gtaaecmmr %%'ﬁ@iéé@w ng to

t he contai ner and/ or eat |ng e contal ner when coupled to th ling
means to such an ext 8HFipBafifhdnBefPePatERRSERTERR tBNPEATYS 2t e
contai ner whentQilled.to the paenekholcdcdording to aﬂopvméheflcmwﬂm 1

Lhnpgfa;ﬁgep?gsgﬂLghgﬁdjfe§88?§58?§ genélﬁet#égega%g?e sé%%éf e p ssure
and tenperature of thbecapn@nnasonfdﬁhnnpnnmaﬂnercendawhﬁweimamha|nnﬁﬁing
tenperature being 5 of %B@tcbﬁ%ﬁﬁh@?ubﬁd?BQV%hEhbﬁPbéh|di@fl&@fbﬂﬂpfﬁéwﬂde
to the container is controlled so that the contents
15 of the container are close to that selected
temperature at the time filling is complete: the said
target temperature being selected anywhere in the '
range of temperatures near-above to below the
critical temperature of the carbon dioxide, but
20 positively above the liquid saturation temperature of
| the carbon dioxide for the preselected density.
7. A method according to claim_6 wherein the
top of the range from which the target temperature is.
x/ I selected is blood heat or 37°C. .
25 8. .  Carbon dioxide filling apparatus comprising
a reservoir of carbon dioxide, means for inducing a
flow of carbon dioxide from the reservoir, valved _
coupling means for receiving-a_cOntainer-to_bé filled
with carbon dioxide and providing communication . o
30 between the container and the means for inducing
' flow, and heating means for héating the carbon
dioxide flowing to the container and/or for heating N
the container when coupled to the coupling means to
such an extent that the temperature of the contents
35 of the container when filled to the preselected
density is above the lowest temperature at which

e tar gcet



in the container is in a single phase state whereby the pressure

measurenment is directly indicative of the density oxide in

t he fg&Mainer. 9. Appar atus according to clai D
rreanr i nducing the flow of carbon dioxi-de fromt ﬁ W |m punp.
10. _ Appar atus according to claim8 or clai n19 ascontroller
capabl e of registering a preselected target" tenperature and controlllng t he'
15 heating nmeans to bring the carbon dioxigde into the filled container
near to that tenperature. 11. : Appar atus according to any of clains 2
to 10, including pwqgnhnmeQiqxnign@@rémum@eun@m@ae@sedpﬂdmmddnghmssuaandr

ot her indi-cations cﬁretsmu%o and ttemae&-atcu&-e saﬁsﬁhgsmhassqe%e@e%m
terrper ature and pre ure sen5| ngggeans dat aggél 1 e c&ar act eristic

pressure as it rel gt ,tgmpglrat HEep P 18f the
car bon di oxi de V\/nerw:nthm dthams:ednlequusdldr IG&SStht@m@elrlatarfeOrbmia@

sui table for cpnpary %&H‘ﬁ@ﬂﬂéﬁﬁt@ﬂ%aEEQQﬁ %13%‘5&3 %5%5§bo%?diox1de

Appar at us accor di.ng ‘ncludes automati c

"means for conparing® edmlé‘ﬁlreééntlﬂng ﬁﬂé%ﬁe@@@-ﬁ@ Isé@éle Yhereby
corresponding to thmd)rﬁsssaﬁee@edembhmf igaahieRcd1gXiidRicHavd B e

conpressed liquid or ase enpegr.atuyr.e curr tI |nd|cated by
the tenperature senStt (?4%* Fé3§8r83§§ﬁ§e§1°ﬁlﬁﬁeleo o238 Fiter ei n
the control.ler is r¥®sponsive Atpcpa.’r&tus atcordiag dopaliaim &,owdxerrter dihet he
supply 10 angygli SCoag 19t Anabldng® ﬁbve&oeybengg rpdsllik iHRAS N Lhe -

flow i nduci ng neans I n a sense to p uce the pre ecte sity of carbop..
dioxide in the 5 th&Mefefyolr 1s a pump. NS
' 10. °~  Apparatus according to claim 8 or claim 9,

including a controller capable of registering a
preselected target temperature and controlling the

15 heat1ng means ‘to ‘bring the carbon dloxide into the
filled container near to that temperature.
11. ]"Apparatus'according to any of claims 2 to

10, inbluding pressure and temperature indicators
providlng visual or other indications of the
20 temperature and pressure sensed by the temperature
and pressure sensing means, and data giving the
characteristic pressure as it relates to temperature
for the preselected density of the carbon dioxide N
when in a compressed liquid or GASS phase in a form  ‘w# -
'25  suitable for comparison with indications from the '
| sensors. R ' |
12, Apparatus according to claim 11, wherein
“the controller ‘includes automat1c means for comparlng
_ the ‘datum representlng the pressure. level
f30"""corresponding to the preselected density of carbon
a dioxide, when in a compressed liquid or GASS phase,
'at the temperature_currently indicated by the
temperature sensor to the pressure sensed in the
container and wherein the controller is responsive to

35



13. *‘A_nmethod of filling a container with carbon d|0X|de to a

preselected density wherein the pressure and/ or t*ﬁpera%uee—eL_Lhe_~ar33;%23'

dioxide is controlled such that it is always withi conpr ess
liquidor GASS.single phase regions of the propert , ”
@V ¢

swhst ance and at tenperatures in.the region near-a

critical tenperature for car bon di oxi de. 14, A nethod accordlng to
claim13 of filling a .contai ner with carbon dioxide, the nethod
conprising the step§h@fQﬂmﬂﬂﬁ}ﬁﬁg sar gentapbxthe ewrpke toneadner,

noni tori ng pressured@ﬁ%dﬁﬁ@@&&%hUb@ Qhetbeceavbsncﬁlpﬁaéﬁ me&biﬂgtﬂ@ans

cont ai ner, -rai sing @@ﬁt %gpsra ure_of .the contajner and/or_ the e?rbon

di oxi de within the & 18HdIBQPﬁén§uBB?P%d B2t AENRBNE Qi AEPIRGS Hevel

sufficient to causeanﬂusamadnmd dieasidy oft banbbhedtoxidendn theenter the

conpr essed |IQ$ ? 3 he GASS phase before it is full to the '
sity and disco

presel ected de ntan|ng t he supply of carbon dioxide to
the container when tlffe car bonAdmethaé pf £hdlin@grecphbatnen withoperhemi n

the container has a@iioxiQe &beac ?é@@lééeééuﬁ6n§9fjeﬁﬂ@ﬁ@iﬁ@tﬁ@ pPéssure
tenperature of the co carbon di o Q&F é g[ese ec ed density. 30
15. A et hod. éw%qu &ngregﬁfﬁlﬂgr t RREAPBON BT 6XF dtSsubst antial Iy
as herei nbef or e descrntedllietih snehethateitoishaelweysnpiatlyimgtide awi ngs. 16.
Carbon di oxi dg o ""dH%?%QE%eﬁtﬂﬁ %Eﬁsb?”hhéé'¥1R§1@eﬁﬁéQQeP8éfoH§58f'Pﬁ@

mnth 35 reference tJd the acco an |ng g
o property chart for that substance and at temperatures

in the region near-above, at or below the critical
temperature for carbon dioxigde. _
14. A method according to claim 13 of filling a
15 container with carbon dioxide, the method comprising
the steps of supplying carbon dioxide to the
.container, monitoring pressure and temperature of the
carbon dioxide within the container, raising the
~ temperature of the container and/or the carbon
20 dioxide_within the container and béing supplied to
the container to a level sufficient to cause the
carbon dioxide within the container to enter the
o “compressed liquid phase or the GASS phase before it
Lo is ftll to the preselected density and discontinuing
25 the supply of cardbon dioxide to the container when
- the carbon dioxide in the single phase condition
within the containef_has achieved the chosen pressure
corresponding to the temperature of the contained
carbon dioxide and the preselected density.
30 15. A method of filling a container with carbon
- dioxide substantially as hereinbefore described with
reference to the'accompanying drawings.
16. Carbon dioxide £illing apparatus
substantially as hereinbefore described with
35 reference to the accompanying drawings.




