WD 02/ 075204 PCT/ US02/ 08179 1 COVPRESSED NATURAL GAS DI SPENSI NG SYSTEM 2
Technical Field 3 This invention relates in general to natural gas and in
parti cul awotoe/om2bur al gas fuel 4 delivery systens. 5 Baclkgraisazosif9t he

I nvention 6 Conpressed natural gas (CNG vehicles require specialized
refueling delivery 7 systens. U S. Patent No. 5, 884,675 discloses one such
system consi sting of banks of 8 cylinders each of which has an axially
noveabl e piston, a pair of inlets, and an outlet. 9 The cylinders are
filled pith ONG at actRPRESSAPNATUIGNE CASHISPRNSINL S¥stpphe 10
refueling station. € retueling station, hydraulitc TTurd s punped from
a reser¥oir Tethmical Fidde end of each cylinder. The hydraulic fluid

di spl aces the piston.in each cylinder 12 forcing CNG through the outl et
at the other end ]FISEIWSH%‘SHIFHE%P?geFﬁ@’l@‘{T@t‘FP]&%a’% BGIgWuPai?I%tWBQ%S&#o t he
vehi cl g4 bei Hv@&”s?kt%ﬂls. Each bank of cylinders is equipped with an 14
accunul ator I ocate ownstream fromthe outlets. Wien the cylinders are
conpl etgly Backiraumeédf tife IaXatiduhe pressure in the accunul ator noves each
pi ston back to its starting 16 position, forcing the hydrauli.c fluid out
of the Bylinders GAWPHSE Hafiel %aﬁéa e‘?eb{’}il‘?s.reci“?rW?léﬂ%/qﬁli@ gg drlivery
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end. 25 The fitti 1rl](_zﬂgcont ains a hydraulic fluid port and a 8as pogrt.%ﬁ t ube
ext end$2wi t hoscipENGEreughitheuitlort g athe ey af tha cylander. (ihe QR Etlopts tBroggh nt
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fromthg resgicumiulatédioedighddviistream from the outlets. When the cylinders are completely

15 - drained of CNG, the pressure in the accumulator moves each piston back to its starting
16 position, forcing the hydraulic fluid out of the cylinders and back into the reservoir.

17 While this system represents an improvement over other CNG delivery systems,
18 certain disadvantages remain. Each of the cylinders has a moveable piston and openings
19 at each end, making them expensive to manufacturg.

20 Summary of the Invention
21 A compressed natural gas (CNG) refueling system has a hydraulic fluid reservoir

22 containing hydraulic fluid, a pump, and reversible flow valves. The hydraulic fluid is of
23 a type which does not readily mix with the CNG. The refueling system also includes
24 cylinders containing CNG. Each cylinder has a fitting installed in an opening at one end.
25 The fitting contains a hydraulic fluid port and a gas port. A tube extends within the
26 cylinder from the hydraulic fluid port to a point adjacent to the opposite end of the
27 cylinder. The opposite end of the cylinder is closed.

28 At the refueling station, hydraulic fluid is pumped from the reservoir through the
29 hydraulic fluid port in each cylinder, displacing the CNG inside each cylinder and forcing
30 the CNG out through the gas port of each cylinder. During fueling, hydraulic fluid is
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29 hydraulic fluid port in each cylinder, displacing the CNG inside each
cylinder and forcing 30 the CNG out through the gas port of each cylinder.
During fuebioag7s2bydraulic fluid is -1 WO 02/ 075204 PCT/ USeErasaY@8119 punped
fromthe reservoir to maintain 3600 psi of pressure in the cylinders. Wen
a 2 sensor detects that the cylinders are conpletely drained of CNG the
reversible. flow 3 valves will reverse orientation, allow ng the hydraulic
fluid to flow back into the 4 reservoir. Once the cylinders are drained of
hydraul i ¢ flginthedt #6in G fe,@éi%§ tdBMinRn 3600 bSICIPEshRAn Acyitibds| &phetd 4 h

CNG 6 Brief Description of the Drawings 7 FIG 1 is a schematic draw ng of
a corrprbssecbenmrlﬁeedctsgﬁnst ﬁl@focrhnden‘@a@mr&r}@te]S drained pGENKG the renseublddinse wit h
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the cyli nderregéwﬂGol?oe t%@Q:‘Mlﬂ&rs A &ﬂaﬁlealaﬁﬂyagaah@%ﬁhl & dyﬂn@é}@ nwlb@f the
cylinder. 12 I's an enlarged sectional “side view of one of

cylindefs ofdlﬁomlededank&eﬁllbiuwtthﬁl‘i(ﬁg anot her enbodi nent of the |nvent| on.
14 FI G is_an. enl arged sect'onaj side view of a tracer disk installed in
t he cyI@nder—ﬂ%ﬁﬁLmbé%géance with the invention. 16 FIG 6 is
an enl ajged por t i pps of id heeullindenint oFG 17 bRt aidagd ifaldaon of
t he Pr eferred Enbplg} me%lst 1% F{ea%;le(rarﬁél{wrlllgétooal om4pres’s ancorrprglgsseed ﬁrp‘{u}r@al gas
(CNG) ré&f ueldonginsyted mmctérdasce with thhawentidine r ef uel i ng system 10 i s divi ded
into a control section 12, a transfer sect.ion nd ar I§E| i ng

section’ 16. Cont roiC- 268 ¢1 ghjaresd pecional siervigw Oﬁa%?ﬁbﬁﬁﬁl@ﬁ% b1 Control
secti ofy 12 al so h@f%;a% 0y Pl farddadbdlidnBREAY ALY of rekO Rt BE PG ?yﬁma lic

fluid. 22 The h uI|c I qui oes not rea mx Wth

CNG, sutch aSthaﬁ&yHgtﬂﬁeﬂall@d1n2331eleydibﬁmarcpr1mmdﬁydr aulic oil. One suitable type
is manufactured under the nane "Low 24 Vapor 68" synthetic |ubricant by
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14 FIG. 5 is an enlarged sectional side view of a tracer disk installed in the cylinder
15 of FIG. 4 in accordance with the invention.

16 FIG. 6 is an enlarged portion of the cylinder of FIG. 4. |

17 Detailed Description of the Preferred Embodiment

18 Referring to FIG. 1, a compressed natural gas (CNG) refueling system 10 is
19 shown. The refueling system 10 is divided into a control section 12, a transfer section
20 14, and a refueling section 16. Control section 12 has a control panel (not shown).
21 Control section 12 also has a hydraulic fluid reservoir 18 containing a hydraulic fluid.

22 The hydraulic fluid is a liquid that does not readily mix with CNG, such as a synthetic
23 hydrocarbon hydraulic oil. One suitable type is manufactured under the name “Low

24 Vapor 68" synthetic lubricant by O’Rourke Petroleum Products, Houston, Texas.

25 Reservoir 18 has an outlet line 20 leading to hydraulic fluid pump 22. Pump 22
26 has an outlet line 24 which leads to reversible flow valves 26, 28, 30. A pressure gage
27 32 monitors pressure in pump outlet line 28. Relief valve 34 in pump outlet line 28 is set
28 to prevent pressure in excess of 3600 psi by bleeding the excessively pressurized fluid

29 back into reservoir 18. Check valve 36 in pump outlet line 24 allows hydraulic fluid to



26 has an outlet line 24 which |eads to reversible flow val ves 26, 28, 30.
A pressure gage 27 32 nonitors pressure in punp outlet line 28. Relief

val ve 34 wooponooutl et line 28 is set 28 to prevent pre®PSarEsorz/osiexcess of
3600 psi by bleeding the excessively pressurized fluid 29 back into
reservoir 18. Check valve 36 in punp outlet Iine 24 allows hydraulic fluid
to -2 WD 02/075204 PCT/US02/08179 1 flow frompunp 22 to flow val ves 26,
28, 30. Areturn line 38 extends fromflow valves 2 26, 28, 30 to
reservojr 1 i epanat ar : s CNG
N e i e Sl A R B e S RN
signal 20 c@d 28)30 t4 rgzanelr 18f RENG lise P8 ksarseparSepdl &t iemioveraghizappsdrCIN

rel eases any CNG trapped within 5 reservoir 18, E&servo'r 18 al so has an
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reachessa Gesel6ie18dRleSRsir | £316d hadlan iifi€itod 45/ leferdbly b flosftepe, sdidhiteiekd 4
conprises banks 50, 52, 54 of high pressure storage cylinders 10 56. Each

bank 506 52,the4evsbnf Surdinatheaeisaioin ubidisatos46cy (comrpstes 15 drappmitier 48 evhich
identical 11 in size. hown, i.n FI 2, .eagh. cylinder 56.h a shell 58
and an 1 nt erfig 1'&8%&%%@15‘%@1@: cfﬁtrge?aé?ﬁwgg? it]%eeﬁk}ldtc%v?ll‘}g P Whg® 5 ?Sogh, t he
i nternag chagRRtedGOwef 1 upydriiider 56 is filled 13 with pressurized CNG
62. Each cylinder 56 also has a first end 64 and a second end 66. 14
Second #nd 66 i s Ttapsfersecton bt coppdisebanksSh 32 dperfibigh Besstierstonegs oxhidsss

Poaracifc. f 14 dohsibanls 90,45 54 Cing B pavaniinbey ol ybiaclssd Sish 7R ifrisats
wi thingihe ghaphe rAs@ﬂc&\tv% g??fg? 9, i Egiﬂdﬁ?s& h éjshgfl? 58 aﬂi@aﬁ glté;nal LFaReir¥o.
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adj acent to second en I ntroduci ng hydraulic flul 8 into chanber
60. 181Ref erBéfog detickrytiothelfiisling statibrg tlwyidteansl tleanfiben 60l oPeach sylihideF6 ie Aed

cylinder 56 in a bank 19 50, 52, 54 are joined together in parallel by
fluid ki foviihBsssuResd LG Fachwyliagdey 86 alsp hagpfirspgnd iR r e ag 6.

bet ween, pu i nif 0l C i lﬁﬁﬁ'ig a
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bank 50, 52, 54 also has a 23 pressure relief valve 86, a flare valve 88,
and mah@al shdollowitubel§ extends wignn tacelagper 60 from the hydraulic fluid port 72 to a

17 point adjacent to second end 66 for introducing hydraulic fluid 78 into chamber 60.
18 Referring back to FIG. 1, the hydraulic fluid ports 72 of each cylinder 56 in abank

19 50, 52, 54 are joined together in parallel by fluid manifold 80. Reversible flow valves
20 26, 28, 30 are located between pump 22 and fluid manifold 80. Each fluid manifold 80
21 has a manual shut-off valve 82. The gas ports 74 of each cylinder 56 in a bank 50, 52,
22 54 are joined together in parallel by gas manifold 84. Each bank 50, 52, 54 also has a
23 pressure relief valve 86, a flare valve 88, and manual shut-off valves 90, 92 located
24 downstream from the gas ports 74 in parallel. Pressure relief valve 86 prevents pressure
25 in excess of 3600 psi by bleeding off the excessively pressurized CNG as it exits
26 cylinders 56. Flare valve 88 allows the release of CNG from any bank 50, 52, 54 should
27 bank 50, 52, 54 require service or repair. Manual shut-off valves 90, 92 allow isolation
28 of any bank 50, 52, 54 for any reason. Check valve 94 allows CNG to flow downstream
29 from gas manifold 84 to hose line 96. Check valve 98 allows CNG to flow upstream
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24 downstreamfromthe gas ports 74 in parallel. Pressure relief valve 86
prevents pressure 25 in excess of 3600 psi by bleeding off the excessively
pressuri 2Z&0 0@NG206 it exits 26 cylinders 56. Flare val veP83/1asht/a8139 t he

rel ease of CNG from any bank 50, 52, 54 should 27 bank 50, 52, 54 require
service or repair. Manual shut-off valves 90, 92 allow isolation 28 of any
bank 50, 52, 54 for any reason. Check valve 94 allows CNG to flow
downstream 29 fromgas manifold 84 to hose line 96. Check valve 98 all ows
CNG to {1l ow - : T 1 J s 6
back toi gas ﬁjrr(g%ith? %I@Gg}.bwg{?%a&%%%gggégﬁ \%é Oql%él ‘gdrll‘éle 1%%%3&2%51}1%%@ 2
val ve 1902 arwelveoni2tadlacatedds hodeiling 986. 3 Refuel i ng section 16 conprises at
| east one refueling depot 104. Each refueling 4 depaot 104 has_a ual
Shut-of § val ve 108SRBREseefipt I sameprisas ¢ lqoBonaefielE Al ANt 160 B Rdmyes

any trapped ' | ui d.fran %:'1\@5 - § S i E!l\{% 6
Filteri %g un(?%)gﬁggi h%sg %ﬁalcsé‘%k%iigﬁv 0 CE%%E%FSISE% ﬁlé?%g%sgﬁggﬁ%%n ydraulic
fluid in 7 fidoves hidgtrippdd BREauli8 fluid Gpet e ONG hedalis bdre GigpensihgaCNG.
drained one at a tine. If bank 50 is drained 9 first, manual shut-off

val ves 82, doltefingunit 198 hes desisepled 10 4o ¢heakn{oalthe prasenserofiidiaulio Aluid gn of
bank 50.i s ct#lgsed. I%e]\r/@rsi ble flow valve 26 is configured to all ow

downst r am f WRELTTY TS m punp 22 to bank 50. Hydraulic fluid is punped by
pump 22gfrom resefVgefatib8, batke 50,12, Bl wkddmmieidl Rlett 8Qimd, NIFOMANSE {sirsing®r t s
72 and into cylinders 56 to naintain pressure at 13 3600 psi in cylinders
56 whil @ CNGitst niaenalghdi-sffenlyec2, 88 ofbamusOiare FileBed.2nd ntasual Bhuthyifivalut 92

fluid 78 flows through hollow tube 76 intg cylinder .56 at the end opposite
15 fittPng 70 bak&0pselpsedt &@V?rﬁlgij%ﬂ%vﬂi"? gﬁﬁy n%&?ﬁegg‘f %1? ‘ﬁ%%f?ml Ver f ace
112 but {doe ] ' 2. i s 56
throug%lgass%%g?g@?,ﬂgg%ﬂ 51@ %ﬁ%lﬂ&ﬂ-‘gﬁ? C ggéyégﬁézzgfﬁhaﬁgeﬁ%yé@g%&to
refuel i1pg sefiid@manifld 80,ahongh flui poral A2eniiGito chBintiéniSoso hintntiin eesssure ait n

hose 96 to 3600 psi.. 19 Wen bank 50 is substantially enpty of CN he
| evel &8 hydtedQIpst in|oyliadgrs 56 philee SN i heing digppnseais ?@éﬁ@h@dﬂ@&s@? ect ed
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Wil I-gna e con nua
fitting 70. The hydraulic fluid 78 directly contacts CNG 62 at interface 112 but does not

16 mix with CNG 62. The CNG 62 flows out of cylinders 56 through gas ports 74, gas
17 manifold 84, check valve 94 and hose 96 to refueling section 16. Flow control valve 100

18 limits the pressure in hose 96 to 3600 psi.

19 When bank 50 is substantially empty of CNG, the level of hydraulic fluid in
20 reservoir 18 will have reached the selected lower level, which is sensed by floating
21 indicator 46. Transmitter 48 will send a signal to the control panel. Manual shut-off

22 valves 82, 90 of bank 50 will be closed, and manual shut-off valve 92 of bank 50 will be
23 opened. Reversible flow valve 26 will be configured to allow upstream flow from fluid
24 manifold 80. CNG in hose 96 will flow through check valve 98 back into cylinders 56.
25 Residual CNG in cylinders 56 forces hydraulic fluid out of cylinders 56. Hydraulic fluid
26 will return to reservoir 18 through return line 38. Separator 40 in return line 38 removes
27 any CNG trapped in the hydraulic fluid.

28 When substantially all hydraulic fluid has been removed from cylinders 56, the

29 level of hydraulic fluid in reservoir 18 will have reached the selected upper level, as

4



22 val ves 82, 90 of bank 50 will be closed, and manual shut-off valve 92 of
bank 50 will be 23 opened. Reversible flow valve 26 will be configured to
al | ow upswoaanr2bow fromfluid 24 manifold 80. CNG i n ho®eTaGomdi9 f | ow

t hrough check val ve 98 back into cylinders 56. 25 Residual CNGin
cylinders 56 forces hydraulic fluid out of cylinders 56. Hydraulic fluid
26 Wi ll return to reservoir 18 through return line 38. Separator 40 in
return line 38 renoves 27 any CNG trapped in the hydraulic fluid. 28 Wen
subst anti al | I LI, C.. i ep v, . i t he
29 Ieve:1 of e;:, Irteélutf@%/@&?#l ingdllur%gﬂr‘feké 21? %/ng o 8‘»1r 8Wl S%ﬂ%éél%%kﬂgggﬁﬁg pggfléct ed

upper | evel , Mapual 4hM 024104580 90 BETAHUINAL L P ehed] @h& flafich] Biuti dfOREIVOIR

i ndi cator 46. Transmitter 48 will send a signal to the control panel. 2

Manual 8hut -aff banka$ egligse, closedof RankibB2flew | valvse2® peHde, caigurrdnigasllow
shut - of f val ye 9 3 of nk i1l _be.closed. ..Reversible fl ow val ve 28
will be*conf Odﬂﬁéfaafflcfﬁ’éﬁ {%g%“k%%d \%ﬂﬁf 8&@?‘?&%&6 418’685?1‘;1\@2‘?” SRS BARECT |
begin te dispepseseNG in the sane manner 5 as bank 50. 6 Referring to
FIGS. 4, 5, and 6, an alternate enbodinent of the inventionis 7
illustrated. As sRefuringntoFFIGS.4, 5t nad & aelaftemate dridodimepioef the ameshtintifhi n
the chanber 60 8 of cylinder 56. Tracer elenent 114 | ocates, substantjally
at the fnt erillseted Abthameh FIG. bess2ement fARaeritensd Withinhe o ééf%

el enent 114 | i havi ! ith a
di anetef s i%fﬁc 98‘1@%65’%?‘%?‘#3%1“%2&%ilgc\r{%{eetggﬁ%?‘ﬁﬁtg&%meﬁﬁbegﬁ%?f?‘r’éﬁ:’g?ﬂ“ 11

el ement 9114 @N&®22 w8 htraQlit fnidg8g Eratditelsrhéh 1284 (hiaA@pRie @ldisghtiiyg b easiral han
the dianmeter of 12 chanmber 60. Tracer elenent 114 is a thin, flexible

nenber 18f a qieaingld 6gyith adipaeter sightly greategthapihadiemeipeoiholipyitebeipe lagner ¢

fluid and_,CNG nd that cont ai ferroma ' er. shown
I FGie gRrudds A3t e G R ule R RIE R e el A R 15" 0
sensi ngat he @HaRwefb6. Y TRk IARET 184 &BAM, HidbRIHeRb&\0fdiphatia oSshuBbal thitGs t he
control panel. 16 In operation, banks 50, 52, 54 are drained one at a

.time. 1Bf banipesfedbde tirznthbydradlic fluid §8 andrENG 62, sand tthas CHnteinl v derr@Ragndic of
bank 5Q are opeped, and mm | shut-off |l ve 9 8 of Kk N d.
Revers Hﬁl e fABHGafsshown }r&ﬁ}oﬁﬂ ‘%%FF@H lg%ﬁ%ﬂ qmaﬁw&ﬁgﬁ%@?ﬁ%@%ﬁgi@c ?z_(ran
?g mp 245t 0 bapkingthe SENPR diSrdc® Q&R 4 Rhd SIOHTREE 2 BBl edbatibi fankll Ui d

16 In operation, banks 50, 52, 54 are drained one at a time. If bank 50 is drained

17 first, manual shut-off valves 82, 90 of bank 50 are opened, and manual shut-off valve 92
18 of bank 50 is closed. Reversible flow valve 26 is configured to allow downstream flow

19 from pump 22 to bank 50. CNG 62 is forced out of chamber 60 by hydraulic fluid 78.

20 As the amount of CNG 62 within chamber 60 decreases, interface 112 will move closer
21 to fitting 70. Because tracer element 114 is not in contact with hollow tube 76 or
22 chamber 60, tracer element 114 remains at interface 112, moving within chamber 60 as
23 the level of CNG 62 changes.

24 When cylinder 56 is substantially empty of CNG 62, tracer element 114 will be

25 at its closest point of approach to fitting 70. Detector 120 will sense the proximity of
26 tracer element 114 and send a signal to the control panel. Reversible flow valve 26 will
27 be configured to allow upstream flow from fluid manifold 80. CNG in hose 96 will flow
28 through check valve 98 back into cylinders 56. Residual CNG in cylinders 56 forces
29 hydraulic fluid out of cylinders 56. Hydraulic fluid returns to reservoir 18 through return
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20 As the anpbunt of CNG 62 within chanber 60 decreases, interface 112 wl|
nove closer 21 to fitting 70. Because tracer elenent 114 is not in contact
wi t h hol Iwa®obo46 or 22 chanber 60, tracer el enment 114 PCEFTEBONGs1ae
interface 112, noving within chanber 60 as 23 the |evel of CNG 62 changes.
24 \Wen cylinder 56 is substantially enpty of CNG 62, tracer elenent 114
will be 25 at its closest point of approach to fitting 70. Detector 120
will sense the proximty of 26 tracer elenment 114 and send a signal to the

control 1 pangjpe 3@?\5\%?%_ 80 fih RN MY 88 ZBnWek bny EKPRapRAfin S hedhatiR: AhiHOW
upstreamflow fromftluid manifold 80. CNG in 'hose 96 wll flow 28 through

check val ve 98 baWken substantibliyedBrydrabic flFddiasiomen r@heddiray bylinders$658ctor ces

29 hydraulic fluid out, of cyl|inders 56. drauli¢c fluid r rns to

Cosorvonr 1eltmesdgl itk 6 the Miges 206 hun iaeee TasobFisaier $240 Wi sirkaghe
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flui en substantially all has been renove rom
cylinde§s 56ialvies 82£90 oSbaikeszenill Belopeined, kndtaataltshet-bfiralve 92 opbankt 54 wilin
fitting 70. Detector 120 will sense the 4 location of tracer elenent 114

and sen@® a dieghesed: Revasitle Aoworalyadfewill hmermdigussd fo-adlop dowisiregadlaypto 9o of

bank 52,will, b p and .manyal,. < .val v will 6 be
cl osed. 7Revebralsu?t§?‘eﬁaﬁgvsv2\yg \Peeglfgg\ﬁl\isﬁ%h%%ecﬁ:%hrfﬁlaﬁr eg%?a%Lg]{ja%o%\?vmgge\mst ream

flow tog 7 bank 52sh&aakeddotid tHat e ghid akiéinste Reten&NGS the i@nisdBrdzBNNer
as bank 50. 8 It should be noted that in this alternate enbodi nent of the

i nventi®n, telement 119 adedelgeton 120 asrforde tsubstantially othp evemsr fangiidss eafloptind y t he

functiaon.as floati 10 ipdi.catar 4 d.tr. i tter. 48. . Thepefore,
Foae | 171 hahuaRer YRR R et BRIl S RISt sl ©
al ternate enpediamatin tRistdRHEAR EABYIIREY, BRhOUME! e thayfbed@siuierif dedifedhe

invention has several advantages. Because the invention utilizes a
hydraull2c 13 f| Ukt inkéntiondeesevenat advantagdst Betdvee tonprestion dtibzes ahpdragas, t he

cylinders .be . .14 manuf act.ure i t hout internal. pistons or. other
mechant s R aHCE (EShpaF SR G Hia SRSl T ek BFF dRf EXGA GRS By be
Furt hef yror e, BREAUSRd RAHBLEIAINAI DiRER G diHeP i dardiifs @M&e’e? AR draulls fludb
fluid port and gas port can be installed in a single fitting which is

| ocat ed5 at oaparetedroni the ps.thetheyrhomderausFhepistonds nexddd oisidetie cylihdargdre can
be cl O?g d. %ﬁé( Ip|o1q %ﬁ(ri gg\éqlloc?rp ca%abse irrllgtalled in a single fitting which is located at one end of

17 the cylinder. The other end of the cylinder can be closed. A cylinder which has no

18 internal piston, and which is closed at one end, is significantly less costly to manufacture,
19 and is likely to be more durable and have a longer useful life.

20 While the invention has been shown in only two of its forms, it should be

21 apparent to those skilled in the art that it is not so limited, but is susceptible to various
22 changes without departing form the scope of the invention.



18 internal piston, and which is closed at one end, is significantly |ess
costly to manufacture, 19 and is likely to be nore durable and have a

| onger uswDuk/ovizhe€. 20 While the invention has been shownPCa/usa2/gsirano of
its fornms, it should be 21 apparent to those skilled in the art that it is
not so limted, but is susceptible to various 22 changes w thout departing
formthe scope of the invention. WO 02/075204 PCT/US02/08179 1 | claim 2
3 1. In a fuel delivery systemfor delivering conpressed natural gas into
an extefnal | 4ajpi-€ssure vessel, conprising: 5 a reservoir having a punp
intake lineand a return line; 6 a hydraulic fluid contained in the
reservolr; 7 at |east one tank having a chanber containing a conpressed

nat ural _ gas,, a gas port, and a hydraulic fluid port, —each, of ichis in
Flui d chmmury cat 1B TP St 6 S somitre-fRahAER fu i HORES | e
connect £d t o, {Ge938seP inpkisigconnection to an external pressure vessel

11 and 12 a punp connected to the punp intake line for punping the
hydraul$c¢ fluid famsarvdiBhstieg pesmpyailke line drde fetpdn &iuési ¢ fluid port and into
physical contact with the gas stored jn 14 the chanber to maintain a

sel ect e® ni ni mum 3@§§@W§hg_C@H@nﬂggib%F?ﬂWﬂFie the gas flows 15 fromthe
gas_pory through J ieshGReabik BeifRd chithber MneXkEE AAomPIASSHIANNEESEL gad 6 17
2. The tuel delivery systemof cfaim1l wherein the hydraulic port is spaced
within 818 troet, alchathgdraokip duid @ort, kechgafswipioh is oftuid ebimvemicatjon methrihelgasul i ¢
fluid a§ a point. in t?e 19 chanber distant fromthe gas port. 20 21 3.
The fue? delStqred ip QG ShEAPYF claim 1 wherein the tank is el ongated and has
first gpd 22 secgpy nnd6t6d Rl 868 B cbRR RO foim@XipRd frebftirOralel! he
first Zﬁd and on%’o et e ports ZBE%bgpr?Egs actube Ieadingﬁﬁﬁthin t he
chanbedlto angoi nt adj acent to the second end.

12 a pump connected to the pump intake line for pumping the hydraulic fluid from
13 the reservoir to the hydraulic fluid port and into physical contact with the gas stored in
14 the chamber to maintain a selected minimum pressure at the gas port while the gas flows
15 from the gas port through the hose line and into an external pressure vessel.

16

17 2. The fuel delivery system of claim 1 wherein the hydraulic port is spaced within
18 the chamber opposite the gas port for delivering the hydraulic fluid at a point in the
19 chamber distant from the gas port.

20

21 3. The fuel delivery system of claim 1 wherein the tank is elongated and has first and
22 second ends; wherein each of the ports exfends through the first end and one of the ports

23 comprises a tube leading within the chamber to a point adjacent to the second end.

24

25 4, The fuel delivery system of claim 3 wherein;

26 - each of the ports extends through the first end; and

27 one of the ports comprises a tube leading within the chamber to a point adjacent

28 to the second end.



24 25 4. The fuel delivery systemof claim3 wherein; 26 each of the ports
extends through the first end; and 27 one of the ports conprises a tube

| eadi ng wwolR732he chanmber to a point adjacent 28 to theprsgamaziosand. -7 WO
02/ 075204 PCT/US02/08179 1 5. The fuel delivery system of claim3 wherein;
2 each of the ports extends through the first end; and 3 the hydraulic
fluid port conprises a tube leading within the chanber to a point 4

adj acent to the second end. 5 6 6. The fuel delivery systemof claim1,
furtherjconp.i si Nthe felPdetiOBSAystehalf chh8GhBeryien substantially all of the
gas has been expelled fromthé 8 tank; and 9 a valve that allows the
hydraul2c fluid ieach h&thehpants extends thtamgh Becliest ¢ndpeerh t he 10 hydraulic fluid

port into the resgeryoir...11 .12 7. The fu el.ivery .systemqf claim

Bher ei it he. sensdfe EatimiS Rudporoamtinn Bhe SRameg YIRS Sifetsr & Spfaer of
the hydgaul i gifcbatitd thseebed &gpervoir. 14 15 8. The fuel delivery system of
claim1 further conprising: 16 a valve that allows the hydraulic fluid to

fl ow baﬁ:k into the reservoir after 17 substantially all of the gas has
R ok S B RO MRS
: le Z?\S/ gi7 ?ny Zgas 4 RRREGhdtAclbR wWhtd sabstdnbially Ml Gr thE bRGhas Béed SlpdNaEFohInd he

8 tank; and ‘

9 a valve that allows the hydraulic fluid in the chamber to flow back through the

10 hydraulic fluid port into the reservoir.

11

12 7. The fuel delivery system of claim 6 wherein the sensor comprises a level indicator
13 that monitors a level of the hydraulic fluid in the reservoir.

14

15 8. The fuel delivery system of claim 1 further comprising:
16 ) a valve that allows the hydraulic fluid to flow back into the reservoir after

17 substantially all of the gas has been dispensed,

18 a sensor to detect the presence of gas in the hydraulic fluid being returned to the
19 reservoir; and

20 a separating mechanism to release any gas trapped in the hydraulic fluid being
21 returned to the reservoir.

22

23 9. The fuel delivery system of claim 1 wherein the hydraulic fluid is of a type that
24 will not mix with the gas.

25

26 10.  The fuel delivery system of claim 1, further comprising;

27 a tracer member that locates substantially at an interface between the hydraulic
28 fluid and the gas and moves with the hydraulic fluid as the gas is being expelled; and
29 a detector that detects the presence of the tracer member when it is near the gas

30 port, to indicate that the gas is substantially depleted.

-8-



23 9. The fuel delivery systemof claim1l wherein the hydraulic fluid is of
a type that 24 will not mx with the gas. 25 26 10. The fuel delivery
syst em ofwoloaioms284 further conprising; 27 a tracer nenber PCAAISO/080139 es
substantially at an interface between the hydraulic 28 fluid and the gas
and noves with the hydraulic fluid as the gas is being expelled; and 29 a
detector that detects the presence of the tracer nmenber when it is near.
the gas 30 port, to indicate that the gas is substantially depleted. -8 WO
02/ 075294 PCH.USOBFORIEihork bystbRebh 1 0GR o YNk Sioior Bladhif ARimpber i n
the tracer nenber is ath ? l exi b . The fuel delivery
system @f cldislm 11 mhereln the dISk contalns ferronagnetlc 5 powder, and
the detector conprises a nmagnetic sensor to detect the presence of the 6
powder.- 7 8 13. A fuel delivery systemfor delivering conpressed natural
gas intg an exter Pl fucd dBiRES Yeer 68 il 18 WARELS OISk QoftaliSSENRRncllBVi ng
a punp intake line and a return |ine; a hydraulic fluid contained in

t he resérvoipowde?, atd theetk:tectma:ompnsaﬁelmdgammganaomtma@éjecrt the praemienaf the
conpressed natural gas, a first 13 °end, and a second end, the first end
having dn o %ﬁ-containing a fitting conprising a 14 gas port and a
hydraul kc fluid port, each port adapted to be in fluid comunication with
15 the gas stored in the chanber, the hydraulic fluid port conprising a
tube whBch | Eads AlfGeddlivery dykienctoaribbveringaoniphesséd nstirad ipds imo an paiemnal
adjacené to the second end, . and the 17 second end being closed; 18 a hose
| i ne connect BT YHEE g%‘%r“%gfor connection to an external pressure

I 19 f th
vessel 19 19, & PUMDROABRGAs L bulfinBORnl Bi@K Rkl O PUTPI NG the

11 a hydraulic fluid contained in the reservoir;
12 at least one cylinder having a chamber containing a compressed natural gas, a first
13 end, and a second end, the first end having an opening containing a fitting comprising a

14 gas port and a hydraulic fluid port, each port adapted to be in fluid communication with
15 the gas stored in the chamber, the hydraulic fluid port comprising a tube which leads

16 within the chamber from the first end to a point adjacent to the second end, and the
17 second end being closed;

18 ahose line connected to the gas port for connection to an external pressure vessel;
19 a pump connected to the pump intake line for pumping the hydraulic fluid from
20 the reservoir to the hydraulic fluid port to maintain a selected minimum pressure at the

21 gas port while the gas flows from the gas port through the hose line and into the external
22 pressure vessel;

23 a sensor that detects when substantially all of the gas has been expelled from the
24 cylinder; and

25 a valve that allows the hydraulic fluid in the chamber to flow from the hydraulic
26 fluid port through the return line and back into the reservoir.

27
28 14. The fuel delivery system of claim 13 wherein the sensor comprises a level sensor
29 that monitors a level of the hydraulic fluid in the reservoir.



20 the reservoir to the hydraulic fluid port to maintain a selected m ni num
pressure at the 21 gas port while the gas flows fromthe gas port through
t he hose Wore/0a32d4 i nto the external 22 pressure vessel; 2P8TaISeHOKB0OY t hat
detects when substantially all of the gas has been expelled fromthe 24
cylinder; and 25 a valve that allows the hydraulic fluid in the chanber to
flow fromthe hydraulic 26 fluid port through the return |Iine and back
into the reservoir. 27 28 14. The fuel delivery system of claim 13 wherein

t he sengor conpri h j | evel of the
hydr aul To £ i]ﬁl%tsfﬁgdregggljyvsgua?@%h\%132%%’%@?@0@?%502/ 08179 1 15. The
fuel detivery systsmafo détadtithdFresdnae bheas in thiephyisinhig fluidi Beiseraoned to tltket ect

the presence of gas in the hydraulic fluid being returned to the 3
reservosr; aFﬁ%PrYplﬁ@@par ating nechanismto rel ease any gas trapped in the

hydraul jc fluid heji : FMVOLEL g . :
dgl i veril/ system g‘fée@%gpﬁg ilgeuvf\%grﬁgité\%l%}%gﬁﬁfggﬁu%ﬁk E? flﬁﬁhgillyégg%lgg&tdy%gﬁg[ hat
8 will mot metarvddiib thehesgoasir. 9 10 17. The fuel delivery systemof claim

13, further conprising: 11 a tracer nenber that |ocates substantially at an
interfae between the hydraulic 12 fluid and the gas within the chanber

and noves with t r I I : : L RQ: 2.and 14
o deteofor 11t dOFatr epne srudteBhich PRl G podalfl RO CHRE o PPl
the gasg 15 woldot niiowithdhegise that the gas is substantially depleted. 16

17 18. The fuel delivery systemof claim17 wherein the tracer nenber is a

thin, ffexible
10 17.  The fuel delivery system of claim 13, further comprising:

11 a tracer member that locates substantially at an interface between the hydraulic
12 fluid and the gas within the chamber and moves with the hydraulic fluid as the gas is
13 being expelled; and

14 a detector that detects the presence of the tracer member when it is near the gas

15 port, to indicate that the gas is substantially depleted.

16

17 18.  The fuel delivery system of claim 17 wherein the tracer member is a thin, flexible
18 disk |

19

20 19.  The fuel delivery system of claim 18 wherein the disk contains ferromagnetic
21 powder and the detector comprises a magnetic sensor to detect the presence of the
22 powder.

23

24 20. A method for fueling compressed natural gas into an external pressure vessel,
25 comprising:

26 providing a hydraulic fluid reservoir and a hydraulic pump at the refueling station;
27 providing at least one tank having a chamber containing a compressed natural gas,
28 a gas port and a hydraulic fluid port, each of which is in fluid communication with the
29 gas stored in the chamber;

30 connecting the gas port to a hose line at the refueling station and connecting the
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18 disk. 19 20 19. The fuel delivery systemof claim 18 wherein the disk
contains ferromagnetic 21 powder and the detector conprises a nmagnetic
sensor t owoaRmri2od he presence of the 22 powder. 23 24 2@CTASoB0104 f or
fueling conpressed natural gas into an external pressure vessel, 25
conprising: 26 providing a hydraulic fluid reservoir and a hydraulic punp
at the refueling station; 27 providing at | east one tank having a chanber
containing a conpressed natural gas, 28 a gas port and a hydraulic fluid

port, eqch q&mghhgﬂ”hgek@nﬁﬁﬁkgmﬁggayalcatlon with the 29 gas stored in
t he chanber; 30 connecting t ort to a hose line at the refueling

station2and connsEmnﬂ@mghéuwﬁhnnvhdhwmmﬂBQ@mmP@TﬂwSO@ﬂwgmf@ﬂihuﬁe line to
t he external pressure v s | j.ne fro draul i c unp to
t he hyd?aullc fluﬁlﬁlpﬁ%g %%ﬁfg @afﬁisﬂwﬁza 1{1? @uﬂlpmﬁ] ﬁﬁe‘%ﬁ%‘?léd?u punp
fromthe resguyphit fhigd bBﬁ aﬂlhxﬁfoalsﬁysfcaf l:éﬂt'Q:t RAfH thaNs istired ROR GalnbeP act

with the gas 'stored in"the chanb S5mai ntain a sel ected m ni num pressure
at the fas poainfaibi Bciwtmgamumemaatg]as;gqs@Dﬁ t hrough the hose line to

the external pressure ves 7andaf t er as,. has _bee bst anti al
depl et e® from t he"THAEERT! Onfl l}f\ﬁaﬁﬁ(’q&]@ %h?lbethgﬁ? ]ﬂlteatf’ F}{?eﬁp%ﬁaﬂ ’E?F“F?l%esé‘ﬂanber
through; the fydr aifte ¢nd gést hasPBnPRBKahial i Eepl RSP HYRI the chamber, flowing the

8 hydraulic fluid out of the chamber, through the hydraulic port, and back to the reservoir.
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