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separated from the compressed gas by pistons moving in the vessels during
operating cycles of the compressor. This method has found its application in
gas-filling devices of ECOFUELER, including individua! gas-filling appliances
25 of HRA type (Home Refueling Appliance), operated from a residential low
pressure gas network and from a standard residential electrical network

(www.eco-fueler.com). The disadvantage of gas-filling devices operated

according to this method is their high price limiting the broad use thereof in a
private sector. The reason has to do with the need for high-technology

30  constructional elements, mainly for precision hydraulic compressing vessels.
It is known in the art a method for hydraulic compression of gas for

fueling a motor vehicle from mobile gas-filling appliances without a dividing
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between the gas and fluid (RY patent No. 2 128 803).
The inplementati on of the nmethod described in this
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method may be used in mobile gas-filling units providing large volumes of
compressed gas by connection to a gas line with rather high pressure
required for this method and having a power supply source of sufficient
power (industrial electrical network). Moreover, because the above-
mentioned condition provided by this method, when upon the termination of a
compression cycle in a compressing vessel, a certain volume of compressed
gas is left in its upper part, the effective volume of the further filling of a
working vessel decreases due to significant volume expansion of this left
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power (industrial electrical network). Moreover,
because the abovenenti oned condition provided by this
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compressing vessel. To increase the efficiency of the method, i.e. to reduce
the time required to fuel a motor vehicle, there may be provided the increase
in gas pressure by its preliminary compression at the inlet of the compressing
vessels. To reduce the time for fueling a vehicle, the device may be provided
with an additional accumulating vessel, to which the fuel tank of the vehicle is

connected during the fuelling.
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conpressing vessel. To increase the efficiency of the
method, i.e. to reduce the tine required to fuel a

gas pressure by its prelimnary conpression at the
inlet of the conpressing vessels. To reduce the tine
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a 50 | vessel mhlch may be previously filled (in the

. pé plementationsf the metheded up to 200
bar . I t
conneds e%a%c%ﬁ@@ é:ghg& %r\adte é}fntﬂ{elggas fpﬁ\ﬁagé\{)&i Sccordln% to the
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connected to the accumulating vessel may be carried out within 5 minutes by

hydraulic displacement of the gas from this vessel.

The examples of the implementation of the method may be illustrated
by embodiments of the gas-filling device according to the present invention
(Fig 1-4) shown in drawings, in which:

Fig. 1 shows the gas-filling device according to the present invention
provided with a precompressor and compressing vessels, each having one

outlet (one neck);

there nmay be provided the increeBEEV2008/000007
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shown in drawings, in which:sFig. 1 shows the
gas-filling device according to the present invention
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v are esn(éated dhrbugh alves t(m6aand (18) do ani iptt ipireline 120)f for gas
supply into compressing vessels (1) and (2), and from the other side they are
connected through valves (17) and (19) with an outlet pipeline (21) for
pumping the gas into the fuel tank of a vehicle (22) through a connector (23).
An electric contact manometer (24), the output of which is connected to the
input of an electronic control unit (25) is mounted on the outlet pipeline. The
input of the electronic control unit (25) is connected also to outputs of the
fluid-level sensors (4), its outputs being connected to four electromagnetic
valves (9 — 12), the electric drive (6), and a pre-compressor (26), which is
connected to a residential low-pressure gas line (28) through a filter-drier
(27). In the initial condition, one of the compressing vessels (1) or (2) is filled

with gas (29), and the other is fully filled with working fluid (30), a small
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punpi ng the gas into the fuel tank of a vehicle (22)
t hrough a connector (23). An electric contact

t he out put of which is connece@€dLVZN08/000007
the input of an electronic cgntrol unit (25) is
nounted on the outlet pipeline. The input of the
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hydraulic line (7) and low-pressure hydraulic line (8) by electromagnetic
valves (9 — 12). Between the outer wall of the tube (40) and a body (42) of
the shut-off device (3) made of non-magnetic material there is a circular
clearance (43), which is common for the inlet and outlet gas channels (38)
and (39). In the outlet gas channel (39) there is a valve comprising of a
movable closing element (44) provided with a magnetic insert (45) and a seat
(46) in a fitting (47). A fiuid-level sensor (4) capable of detecting the full filling
of a compressing vessel with working fluid (30) placed at the outer side of the
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device shown in Fig. 1, which is provided with
conpressing vessels (1) and (2), each of which having

device (3) has an inlet gas ghannel (38), an outlet
gas channel (39), and a tube (40) connected by a
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valve (9), and the tube (13) is pumped into the compressing vessel (1), from

which the gas through a circular clearance (43) of the shut-off device (3), a
clearance between the movable closing element (44) and walis of the outlet
gas channel (39) of the shut-off device (3) (Fig. 3), through the outlet pipeline
(21), and the connector (23) is displaced into the fuel tank of the vehicle (22).
This process is accompanied by filling a vacated volume of the compressing
vessel (2) with the gas coming from the compressor (26) through the gas-
supply inlet pipeline (20) through the one-way valve (18) into the inlet gas

Thi s shut POf/1.v2008/000007



the conpressing vessel (1) is connected, through the

open valve (9), to the high-pressure line (7), and the
w@owpoessi ng vessel (2), through the open val vECT/LE3008/000007

Is connected to the |owpresgure line (8). During the

operatlon of the hydraulic punp (5), the working fluid
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c osed, and e val v
arfbucbhegele@ensah @) ofe thmemmn@ssmgu \esai0)1) for ¢A) wiile the worklng

20 Cqubl ?%(ﬁéXhé éléofﬁ%n&ol?&{t%% giz‘ﬁﬁéﬁlh es( %)co%ﬂéﬁ@ t6 Ytop the

nmpressi ng vesse proces
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a feink 1 t he conpressing vessel (1) with the gas
[ EH%B%nthfgﬁrAglté@&%%e process described above. Repetition
of cydVig=n dife fcIanemgﬂdhe@llaomMenjéd dgsmeat3 ainttie above-

PR oL WIS L B o o B o e

25 (fpréJcbng)ressor (26) with delivery of 40 I/min, the filling of a 50-liter fuel tank

of the vehicle up to the pressure of 200 bar is carried out over a period of 5 —

5.5 hours duration, which allows the vehicle to be_re-fuelled, for example, at
night. This time depends mainly upon the pre-compressor delivery.

The embodiment of the gas-filling device according to the method of

30 invention allows the reduction of time required for complete filling of a fuel

tank of a vehicle even with the pre-compressor excluded from the gas-filling

system. This may be provided by incorporating an accumulating vessel into



the fuel tank of the vehicle (22)). The pressure in
the outlet pipeline (21) is nonitored by neans of the

w@bk®@ensidel cont act manoneter (24). Once target PCEBY2008000007
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has been reached in the outlgt pipeline (21), the
manoneter (24) sends a signal to the electronic
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The filling of the accumulating vessel (31) (the first stage of the
process) is carried out in the following sequence. When starting the gas-filling
device, the electronic control unit (25), which runs an operating program, is
activated, the electrical drive (6) of the hydraulic pump (5) switches on and
the electromagnetic valve (35) opens simultaneously, the electromagnetic
valves (9 — 12) are brought to the condition wherein the compressing vessel
(1) is connected to the high-pressure line (7) through the opened valve (9),
and the compressing vessel (2) is connected to the low-pressure line (8)
through the opened valve (12). During the operation of the hydraulic pump

(5), the working fluid (30) from the lower neck of the compressing vessel (2)
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conpressing vessels (1) and (2) simlar to the initia
condition described in the first enbodi nent of the

being filled with gas (29) (mth a small anmount of
working fluid in its lower part), and the conpressing

V?ﬁr%ﬁgh (tR dg ghneind Q'ZZd"“i” IE)gB]/ Mﬁééﬁr@%né' Othé%hradna pump

t he atcumul tlngve erelsasoacer al n

arﬁ‘a),: e dighworasswig lineu(7d theaepanselpetcesagnafict\@ive (9), and the
c?(g = ﬁ%lfaﬁeﬂﬁg{;&%ﬁreggﬂg géé’lr (&9 ﬁg&ﬁ’%@& RNESNE Qfomriqressmg

eration of
ga/es$el 1(1), rfepral @«hquethESga@a(QB) thdowaht thenoutisb ges ahesnel (@), the

t ' I
T
t masahannel E9) of thsesm,émff(dﬂ/)ca (¥ ¢Fighd),ftheloneawky wdlve KE7),

hi,cl
(B ARR i o) SMeRiod BLETE AU SE8R o0
| THiprcebs mmmq@ﬁmﬂllﬁmewa%t&dmmé bithe compressing
vice, the

fil . |
eane! D s s bGP e i BR6r 05 U Wit o
e|tﬁr;bbﬁh ¢l opéen erclrohaghetichalvey@sp Wnae themorkiby fluid (30) has
switches o

and t he ectro netic val 5) . ns .
SRR R i, edareo ang Gio BB et g P 4 obald Bent s
aro@s&&@wmwérastﬂm aonslvdr pusitidhesad BlokES b aEPEASANgDrtion
vessel ?%% s connected to the hi ressure |ine

t APR SEAL t452 b Hemuaive Hl the Ftbyg (zgad?\? YRGS the © maghetic

veﬁs%ﬂ 4§)|eé\$escmer@eaaﬁ the ﬂhlaele{/&%e%eﬁw& thbrt%nﬁ&bssmg
hroﬁédﬁé e opened val ve the operatio
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Once a target pressure in the outlet pipeline (21) has been reached, the
manometer (24) sends a signal to the electronic confrol unit (25), and then,
on response of the fluid-level sensor (4) of the compressing vessel (2) full
with the working fluid, the electronic control unit (25) issues a command to
stop the operation of the gas-filling device - in the initial condition prepared to

begin the filling of the fuel tank of the vehicle (22).
The transfer of accumulated compress gas from the accumulating

vessel (31) into the fuel tank of the vehicle (22) (the second stage of the

t he conpressi ng vessePCT/LYy2008/000007
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tank of the vehicle (22) but the compressing vessel (2) up to the moment of
full filling of the accumulating vessel (31) with the working fluid, response of
the fluid-level sensor (4) and full forcing the gas out of the accumulating
vessel (31) into the compressing vessel (2). Upon the response of the fluid-
30 level sensor (4) signaling of full filling of the accumulating vessel (31), the
hydraulic system, by the signal from the electronic control unit (25), is
brought into the condition of returning the working fluid from the accumulating
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of the hydraulic punp (5) and setting the
el ectromagnetic valves into the position providing the

conpressing vessel (2) into {he accunulating vessel
(31), which results in that the gas fromthe

a | &ty I t 0, ot

: g%%g%‘lf(éﬁjn bﬁ%sc%ﬁ%éa %s%%g {/é"ssfeP éfg%rg r\{@g&o{p%t%g i forbt®Into
f Ithe dchemslatisg veesel (3) tbfot@hethawﬂﬁmmlaelmw(m psEw sysgam is
i . of. 1 ha. ‘ A .

 HEOTN e PiieP PIRELE pidpert o Feghl g 41 azedipuiating
( Meseél (Bhe accurrul ating vessel (31), the hydraulic

v ki s PaseAaE e s et R e i BEog r e

r eétpiemeshtatidroot the roethpd eﬁmumgtlmeaﬁm/s () devitestosbé pnepared

Pk T TR 8" Rl M hiafe s ihar it 288 A iine

| SageuetiEting wedssl (31)hTiad ralé @8 filing thenfuthtankl I‘ralhns cta%e:lepends

stemsvvltchesto initial nd|
{ i, DR ThRYEIE R SENRRy. vt £ ling. By BR e Ty a within
\(/Gé‘eﬁlélfqal (rﬁghnesl riécé9|§eﬁ‘¥ Wdlitefmflltc|!1|§>p|g¢mheﬁt8011<théfgatsh@dﬂﬁ’(1UIa1é@ in
as een co ete | e
7B apamyptng Gone! Tresmhclis reasiiBhles o Tyauafl and the

I egdcuhfuugttlhg V@ggén(@ﬂ atl ng vessel (31) the eI ectric
cont act nmnoneter ends a signal to

el ect rlGRi BeHBR: 9fo|nvgrﬁtpqn (%}her fW'H?nt%lem’?OQ"%‘?'ﬁﬁaﬂf the gas-

climiR dé?@ceeél%%rtﬁgﬁ%ﬁbhfbu‘éQinﬂﬁndd&l)tfbalr@%?réeﬁﬁ\ﬁé"te (@ddle in
is sent. The filling of the accumulati ng vessel (31

wid ANedes cwavemlwa forrutha WO cift iPFRRSEt Baentind t§HS  provides
t ¥ RuBhit Blefu@ﬁr?d Vefi)él@ € froRPa s@GﬂetJPr&M Reskhie %Yéé%% fuel, for
val ve pene pressure, ers not the

t @xanme,t lﬁ?éld@éﬁﬁ'cmaéllf@ggﬁs bt bl@ﬁ‘@trt%lﬁprbﬁsﬁaﬁﬁ@e vk gsaas-filling
(2)n; f b loh N0

aeiniting ol aFuTRACDH YBIY 1 bRt Sl g o s producton
r e@pmw@ntsrwrthwt fhemaﬂ';cbf@xeens;\emsr@cns(om)elamenifsu| |

forcing the gas out of the accunul ati ng vessel (31)

into the conpressing vessel (2). Upon the response of
the fluidlevel sensor (4) signaling of full filling of

t he accunul ati ng vessel (31), the hydraulic system by
the signal fromthe electronic control unit (25), is
brought into the condition of returning the working
fluid fromthe accunul ati ngvessel (31) into the
conpressing vessel (2), fromwhich the gas is forced

into the accunul ati ng vessel (31) through the outl et
pi peline (21). The systemis



brought into the initial condition prepared to begin
filling the accunul ating vessel (31). The application
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i npl ement ation of the nethodypf invention allows the
device to be prepared for "fast" fueling of a vehicle
with highly conpressed gasgfh t he accunul ati ng

vessel (31). The rate of filling the fuel tank in this
case depends upon the hydraulic punp delivery, and

said fqlfi b eyer.
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edoserbahe plasgd gasn amtlethgal ehdninel of the shut-off device, the body of
which is made of non-magnetic material, and the movable closing element
being placed with a circular clearance between it and walls of the outlet gas
channel.

4. The gas-filling device according to claims 2 or 3, characterized in that
the gas-filling device is provided with an accumulating vessel connected to
the gas and hydraulic pipelines of the compressing vessels and has a shut-
off device, which is connected by a drain tube and a bypass valve to the
shut-off device of one of the compressing vessels.

5. The method according to claim 1, characterized in that the gas from

compressing vessels is forced into the accumulating vessel, out of which the



pi pelines, a hydraulic punp and an electric control
unit, and the hydraulic pipeline is connected to the
whyapasdsic punp, the gas pipeline being provi dec/nwedaes/eo0007
vehicle fueling connector, cfyaracterized in that each
conpressing vessel is provided with a shut-off device
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novable Tl L Te
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channel . 4. The gas-filling device according to clains
2 or 3, characterized in that the gas-filling device

Is provided with an accunul ati ng vessel connected to
the gas and hydraulic pipelines of the conpressing
vessel s and has a shutoff device, which is connected
by a drain tube and a bypass valve to the shut-off
devi ce of one of the conpressing vessels. 5. The

nmet hod according to claim1, characterized in that the
gas from conpressing vessels is forced into the
accumul ati ng vessel, out of which theaccunul ated gas
during the fueling of the vehicle is forced into its
fuel tank until the accunul ating vessel is conpletely
filled with working fluid. 6. The gas-filling device
according to claim2 or 4, characterized in that both
the conpressing vessels and the accumul ati ng vesse
are made wth two necks, upper and | ower, the upper
necks bei ng connected to the gas pipelines and the

| ower necks being connected to the hydraulic pipeline.



