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The 1nvention relates to an 1nstallation and a method for

Description

a TLank or tanks.

The 1nvention relates more particularly to an 1nstallation

hydrogen,

comprlsing an upstream end connected to the ligquefied

filling a tank or tanks with pressurized gas,

comprilising a liquefied
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filling

for

1n particular with

fluid s

"1111ng line
fluid
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to be

filled,
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the compressed

trans?

The

with hydrogen,
which 1s wvaporized.

example of

The known solutions are,
they do not allow

do not make
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T'o

the preamble above,
comprises a cooling cilrcuilt
an upstream end connected to the outlet of
downstream end connected to the heat exchanger,

line being con:

Fi11ling of

calla

—

this

—

—10n

the above-mentioned disadvantages of

end,
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a maln compressor and a heat exchanger

—

1t possilible to optimize the e

feje

It 1s an object of

the

furthermore 1n accordance with the generic definition glven 1n

anks wi

fast

cimlza

pr—

See

filling lline comprising,

fluid downstream of

"erring 1t 1nto a tank to be

ch gas a
can be carried out starting

for example WO 02/064395 A2,

a station 1s disclosed 1n document

however,

pre——

c1on of

installation according to

1s essentially characterized 1n that

"1gured to transfer

arranged 1n seriles,

for coolling

—

the main compressor before
filled.

clcular

C high pressure, 1n par

from liquefied gas
Another
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unsatisfactory because eilther

filling with gas with pre-cooling or they

pr—

"1clency of the

energy or gas) .

the present 1nvention to alleviate all or

—

the prior art.

the 1nvention,

1t

cransfer line having

comprilsing a

—

the vaporizer and a

the tTransfer

—

fluid leaving the vaporilizer

1nto the heat exchanger and to carry out an exchange of heat

between this wvaporized

trans?

"erred 1nto the tank to be

fluid and the compressed gas that 1is

filled.
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Moreover, embodliments of the 1nvention may comprlise one or more

—

of the followiling features:

- the cooling circult comprises a recovery llne comprilisiling an

upstream end connected to the heat exchanger and a downstream

end connected to the filling 1line,

compressed gas,

—

for reinjectling 1nto the

"111ling line the fluid which has exchanged thermally with the

- the downstream end of the recovery line 1s connected to the

pre——

- Tthe 1nstallation comprises at

filling line upstream of the vaporizer,

pr.

least one buffer storage

—

connected to the filling line downstream of the maln compressor

and upstream of the heat exchanger,

- Tthe 1nstallation comprises two bu

pre——

"er storages connected 1n

—

parallel to the filling line downstream of the maln compressor

pre——

and upstream of the heat exchanger,

— Tthe 1nstallatlion comprilses an auxlliary compressor having a

suction 1nlet connected to a first bu

pre——

“er s

connected To the second bu

pr—

compression of gas from the first to the second bu

—

‘er storage and an outlet

corage to allow transfer and

"er storage.

p—

The 1nvention also relates to a method for filling a tank or

tanks wilth pressurized gas, 1n particular with hydrogen, by

p—

pr—

means of an 1nstallation 1n accordance with any one of the above

characteristics above or below wherein the ligquefied fluid 1s

—

heated in the vaporizer to a temperature of between -250°C and

0°C and preferably between -180°C and -90°C and in particular

between -150°C and -100°C.

C1C

Accordiling to other possible speci:

features:

— at the 1inlet of the maln compressor, the fluid to be compressed

pr——

has a temperature of between -250°C and 0°C and preferably of

pre——
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—

between -180°C and -90°C and a pressure of between 2 and 20 bar

pre——

and preferably of between 8 and 12 bar,

—

- the method comprises a step of transferring fluid vaporilized

by the wvaporizer 1into the

relatively hot compressed gas trans:

fluid,

- the method comprises a step of reinjecting, 1nto the

line, the wvaporized fluid exchanged thermally

pr—

heat exchanger for cooling the

—

exchanger with the compressed gas,

"erred to the tank to be

filled by heat exchange with sald relatively cooler vaporized

filling

1n tThe

heat

- the vaporized fluld which has exchanged thermally 1n the heat

—

exchanger with the compressed gas 1s reinjected upstream of the

vaporlizer,

—

- at the outlet of the maln compressor,
"erably between 400 and ©00 bar,

pre——

of between 200 and /00 and pre:

- the method comprises a

compressed by the maln compressor 1nto a first bu

(9)

—

step of transferring the

p—

pre——

— The method comprises a step of heating gas taken

p—

gaseous headspace of the store 1n the vaporilzer and a step of

compressing this heated gas.

the gas has a pressure

fluid

“er storage

Trom the

—
-

The 1nvention may also relate to any alternative device or method

—

comprising any comblnation o:

the features above or below.

Other specific features and advantages will become apparent from

reading the followlng descrip

C1on, glven with reference

CO The

p—

single figure which depilicts a schematic and partial view of one

pre——

example of the structure and operation of an 1nstallation

according to the i1nvention.

pr—

The 1nstallation for filling a tank or tanks with a pressurized

gas 1llustrated 1n the single

“1ed

figure comprilses a lique:

fluid
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—

for example a cryogenic tank of liquid hydrogen.

The 1nstallation comprises a filling 1line 2 comprilising an

upstream end connected to the ligquefied fluilid store 1 and at

least one downstream end 1ntended to be connected to a tank ©6

to Dbe

The filling line 2 comprilses,

_:‘_i

lled (for example vilia at least one hose).

arranged 1n serles, a vaporlzer

3, a maln compressor 4 and a heat exchanger b.

The 1nstallation also comprilises a cooling circulit 7, 3

comprilising a trans

p—

"er llne '/ having an upstream end connected

to the outlet of the wvaporizer 3 and a downstream end connected

to the heat exchanger o.

—

transi

5 and

exchange)

e

o0 achleve heat exchange (preferably 1ndilrect heat

This transfer line 7 1s configured to

fluid leaving the vaporizer 3 1nto the heat exchanger

between this relatively cold wvaporized fluid and the

relatively hot compressed gas which 1s transferred 1nto the tank
o to be

For example,

filled.

that are preferably controlled,

—

of cold cooling

“er

L adlls.

One oOor more valves

—

the 1nstallation comprises a system of valve(s),

for controlling the flow rate

fluid 1n the coollng line 7. For example, the

line 7 1s connected as a bypass to the filling line 2.

pre——

—

and the i1inlet of the compressor 4

(two—way or three-way valves) may be provided

for distributing the flow of fluid between the transfer line 7

For example, these valves can

be controlled by an electronic control member comprising a

M1Croprocessor.

pre——

This control can be slaved for example to a

temperature setpoilint of the gas transferred into the tank o.

The cooling circuit 7, 8 preferably also comprilises a recovery

line 8 having an upstream end connected to the heat exchanger 5

and a downstream end connected to the filling line 2. This makes

1t possilible to reilnject 1nto the

filling line 2 the relatively

cold fluid that has exchanged thermally with the compressed gas.

pr——

As shown, the downstream end o:

the recovery line 8 can be
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—

connected to the filling line 2 upstream of the wvaporizer 3.

As also 1llustrated, the 1nstallation may comprilse at least one

buffer storage 9, 10 connected to the filling line 2 downstream

—
e

—

of the maln compressor 4 and upstream of the heat exchanger 5.

For example, two (or more) buffer storages 9, 10 are connected

1n parallel to the filling 1line

pr—

2 downstream of tThe main

compressor 4 and upstream of the heat exchanger 5.

These buffer storages 9, 10 can store gas compressed by the main

compressor 4.

The 1nstallation may comprise an additional auxlliary compressor

11 having a suction 1nlet connected to a first bu

and an outlet connected to the second bu

permlt transfer and compression oO:

—

second buffer storage 10.

pre——

—

"er storage 9

pr—

"er storage 10, to

gas from the first to the

The auxilliary compressor 11 may be a hligh-pressure compressor,

l.e. a compressor configured to compress gas at a higher pressure

than the malin compressor 4.

The buffer storages 9, 10 can be used to transfer gas 1nto the

cascade). In addition at least one of these bu

cank © to be filled by pressure edqualizing (i1n particular

pr— p—

"er Ttanks 9, 10

pr—

may where appropriate be used to serve as a source of gas for

—
e

the compressor 11 for the purpose of filling the tank o.

Thus, liquid hydrogen can be wvaporized through the vaporizer 3

(such as an atmospheric heater

for example) to reach a

— —

temperature below -100°C, for example of the order of -150°C.

This relatively cold hydrogen, at a pressure for example of the

order of 10 bar, can 1n form can be compressed at medium pressure

(between 100 and 600 bar for example) 1n the main compressor 4.

—

At the 1nlet of the main compressor 4, the fluid to be compressed

pre——

has for example a temperature o:

between -250°C and 0°C and
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preferably of between -180°C and -90°C, in particular between -

pre——

150°C and -100°C. This fluid has for example a pressure of

—

between 2 and 20 bar and preferably of between 8 and 12 bar.

pr—— pr—

This medium-pressure hydrogen can be transferred i1into a buffer

storage 9 at medium pressure and/or compressed via the

auxlilliary compressor 11 at high pressure 5. Thilis high-pressure

gas (for example 700 to 1100 bar) can be stored 1n a high-

—

pressure buffer storage 10.

In order to cool the relatively hot compressed gas (for example

pr—

at ambient temperature from the buffer storages 9, 10), before

pr—

fi1lling the tank 6, a portion of the cold hydrogen at the outlet

pre——

of the vaporizer/heater 3 can thus be brought into the cooling

exchanger o.

This cold hydrogen which has vielded frigories and has been

heated 1n the exchanger 5 can be reinjected vilia the recovery

p—

line 8 upstream of the vaporizer 3 1n order to be mixed with the

cold hydrogen coming from the ligquid store 1.

This contributes to the heating of the ligquild before 1t passes

into the vaporizer/atmospheric heater 3.

pr—

It should be noted that the hydrogen 1n the gas headspace of the

liguid store 1 can Dbe used while Dbeing heated 1n the

vaporizer/atmospheric heater 3 before being compressed 1in the

cold compressor 3 (for example via the fi1lling line 2 or another

dedicated 1lline not shown).

Thus, while being simple 1n structure and 1nexpensive, the

pre—— pre—— pre——

"1clent recovery of all or part of the

installation allows e

—

losses of the liguid hydrogen tank. In addition, the frigoriles

pre——

of the liguid hvydrogen are advantageously used to cool the gas,

just before filling the tank 6.
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_7_
Patentkrawv
1. Station til pafyldning af tank(e) med gas under trvk, 1ser
hydrogen, hvilken station omfatter en reserve (1) af fortaettet
fluildum, en pafyldningsledning (2), der omfatter en
opstromsende, som er forbundet med reserven (1) af fortaettet

fluidum, o0g en nedstrgmsende, der er beregnet til at blive

forbundet med en cank (0), der skal fvldes, hvilken

pafyldningsledning (2) omfatter, placeret efter hinanden, en

fordamper (3), en hovedkompressor (4) og en varmeveksler (5) til

p—

afkeling at det komprimerede fluidum nedstrems for

hovedkompressoren (4), 1nden det overfgres 1nd 1 en tank (06),

der skal fyldes, hvilken station omfatter et kolekredsleb (7,

3) , der omfatter en overforselsledning (7)), som har en

opstromsende, der er forbundet med udlgbet af fordamperen

) 1

(3
O0g en nedstromsende, der er forbundet med varmeveksleren (9)

re

N

hvilken overforselsledning (7) er konfiligureret til at over:

pre——

fluidum, der kommer ud af fordamperen (3), til1l varmeveksleren

(5) og udfgore en varmeveksling mellem dette fluldum 1 dampform

og den komprimerede gas, som overfgres til den tank (6), der
skal fyldes, kendetegnet ved, at kgolekredslgbet (7, 8) omfatter

en genvindingsledning (8), der omfatter en opstromsende, som er

forbundet med wvarmeveksleren (2), o0g en nedstromsende, som er

forbundet med pafvldningsledningen (2), for at sprgjte det

fluidum, som har udvekslet varme med den komprimerede gas, 1nd

1 pafvldningsledningen (2) 1gen.

2. Station 1folge krav 1, kendetegnet ved, at

genvindilngsledningens (3) nedstromsende er  forbundet med

pre——

pafyldningsledningen (2) opstreoms for fordamperen (3).

pr—

3. Station 1fgolge et hvilket som helst af kravene 1 til 2,

pr—

kendetegnet ved, at den omfatter mindst et bufferlager (9, 10),

der er forbundet med pafyldningsledningen (2) nedstrems for

hovedkompressoren (4) og opstroms for varmeveksleren (o).

4. Station 1fglge krav 3, kendetegnet ved, at den omfatter to

bufferlagre (9, 10), der er forbundet parallelt med
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pafvldningsledningen (2) nedstreoms for hovedkompressoren (4) og

opstroms for varmeveksleren (9).

5. Statlion 1fglge krav 4, kendetegnet ved,

at den omfatter en

5 hjelpekompressor (11), som har et sugelndleb, der er forbundet

pre——

med et fgrste bu
det andet Dbu

pr—

pr—

"erlager (9), og et udleb, der er forbundet med

‘erlager (10), for at muliggeore overforsel og

komprimering af gas fra det forste (9) til det andet (10)

bufferlager.

10

0. Fremgangsmade til pafyldning af tank(e) med gas under tryvk,

pre——

1ser hvydrogen, ved hjalp af en station 1folge et hvilket som

helst af de foregaende krav, hvorved det

fortettede fluidum

opvarmes 1 fordamperen (3) til en temperatur pa mellem og -250

15 °C og 0 °C, fortrinsvis mellem -180 °C og -90 °C og iser mellem

-150 °C og - 100 °C, hvilken fremgangsmade om

overforsel af fluidum, der er blevet fordampet ved hjelp af

fordamperen (3), til varmeveksleren (5) for at

pr—

atter et Ttrin med

—
-

foretage afkgling

af den relativt varme komprimerede gas, som er blevet overfort

20 ti1l den tank (o), der skal fvldes, ved varmeveksling med det

relativt kgligere fordampede fluidum, hvilken fremgangsmade

omfatter et trin med at sprojte det fordampede fluidum, som 1

varmeveksleren (5) har udvekslet varme med den komprimerede gas,

ind 1 pafyldningsledningen (2) 1gen.

29

7. Fremgangsmade 1folge krav 6, kendetegnet ved, at det

fluidum, der skal komprimeres, ved

1ndlgbet t1l

hovedkompressoren (4) har en temperatur pa mellem og -250 °C og

0 °C og fortrinsvis mellem -180 °C og -90 °C og et tryk mellem

30 2 0og 20 bar og fortrinsvis mellem 8 og 12 bar.

3 . Fremgangsmade 1fglge krav 6 eller 7, kendetegnet wved, at

det fordampede fluidum, som 1 varmeveksleren

(o) har udvekslet

varme med den komprimerede gas, sprgjtes 1nd 1gen opstreoms for

35 fordamperen (3).

pr—

9. Fremgangsmade 1fglge et hvilket som helst af kravene 6 til

pr—

3, Kendetegnet ved, at Jassen ved udlgbet a:

hovedkompressoren
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(4) har et trvk pa mellem 200 og 700 og fortrinsvilis mellem 400
og 000 bar.

—

10. Fremgangsmade 1folge et hvilket som helst af kravene 6 til

5 9, kendetegnet ved, at den omfatter et trin med at overfgre det

ved hjelp af hovedkompressoren (4) komprimerede fluidum 1nd 1

"erlager (9).

et fgrste bu

pr—

11. Fremgangsmade 1fglge et hvilket som helst af kravene 6 til

10 10, kendetegnet ved, at den omfatter et trin med opvarmning at

gas, der tages fra damprummet 1 reserven (1), 1 fordamperen (3),

pre——

og et trin med komprimering af denne opvarmede Jgas.
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