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(57) Abstract: Gas expansion device (1) for expanding a gas or a gas-liquid mixture, whereby the gas expansion device (1) com-
prises a gas expansion element (2) with an inlet port (4) tor the gas to foe expanded and an inlet pipe (5) for the gas to be expanded,
whereby the inlet pipe (5) is connected to the inlet port (4), whereby the gas expansion device (1) comprises a first liquid Injection
O point (13) for the injection of liquid, whereby the first liquid injection point (13) is at a position level with the inlet port (4) or up -
stream from the inlet port (4).
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Gas expansion device and method for expanding gas.

The present invention relates to a gas expansion device and
5 nmethod for expanding gas.

Applications for multiphase fluid expansion in a volumetric
expansion element that is coupled to a generator for

electrical energy present a wide range of characteristics
10 and limitations.

One example can be found in CN 204,060,830 wherein a
compressed air energy storage system can be found. The
system comprising a compressor, an expansion machine, an
15 o©oil reservoir, a high-pressure air storage tank and an oil

sprayer.

In some known applications, the pressure and gas
compositions are relatively stable over time, which enables

20 constant operating characteristics and a low control level,

In other applications the operating conditions can vary
substantially, which  leads to inefficiently  and/or
reliability problems.
25
Some applications, such as pressure reduction stations for
natural gas, generally maintain a constant pressure
downstream from the pressure reduction stations but a
variable pressure upstream. The constant pressure
30 downstream is needed for the correct distribution of gas to

the end customers while the varying pressure upstream 1is

—]a
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determined by effects such as variations in the supply and
an unstable control.

In such cases the energy generated by the expansion device

is strongly influenced by the inlet pressure. There are two

reasons for this. Firstly a higher inlet pressure leads to

—2
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an increagsed preassure ratis and conseguently a greater

&

gnthalpy drop per wndt of exparded mass, sscondly @& highsr

gt

nlet prassure lsads o & greatsy mass flow on acoount of a

highey gas density.
X : ¥

As  In ix of wital iwportance for the system  that  the
dowastireanm pressurg is maintained, the expansion maschine
may only expand a mass flow that 18 sguivalent to the

stantanscus demarnsd for gas abt the endpoints of the gan

natwork,
This leads o regiirsments for a oomplex variability of the
ralung flow at the inlet in & volumseilxio sxpansion machine

with variable inlet pressure.

ssigticnsy o oontroel  the volume flow  in

o

expansion dsvice inviuds V8D, d.e. wvariabls

riess, Flow reduction st the inlet, and mechanical

meany o vary the stroke wvolume of the machine.

Fiow raduation at fthe inlet means that the density of the
gag can be addusted to control the mass flow  that ds
sxpandad, The disagdvantage ds the nlear sfficiency loss as
the pregssures ratis of the expansion devics is substantially
reduced at  all Imes, exoepk whan & masximus flow  is

reguirsed which is ravely ths case.

* To sontryel bhy stroks volums, a movable slseve wvalve
or othesr valves mechanisn that changes the stroke volume of
the maghine isg genervally csaed.,  Sucsh  solutions can be

sxbramely =fficisnt bhut ars expsnsive and incresse th

%
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somplexity ©f the dasign and  thevsby  leopardiss the
raliability.

. & VI enables & pracize contvel of the expanded ma
volume and alse prasarves & high sificisncy and low design
coppiexity. Bubt ths torgue of volumetric sxpansion sachinss
L8 gusnerally  littls  dapendent on the speosd oy svan

inversely dapendent.

This means that a 98D generastor must be able to gpergits
sately at a8 low spesd and at & high torgue. Norsover, it
wmeany that forees that sot on the ingide of the volumetoia
exwpansion devios will be definsd by the inlel pressare, and
act by the genersted poweyr. In other woerds the {oroes s
direotly dependsnt on the mechanical torgue  that is

produced ot the outgoeling shafe.

In V8D applicatidns, the risk of a struchural osvericad of
the axpansion device (8 clesr if the inlst pressure varles
gpwards. If an overdimensioned sxpansion machine is used,
the efficisngy will sufifer aht every inlel pressurs in
norwal opevating oceaditions. I a precissly dimensionead
expansion device is used, the sfficisngoy will be opbimised
at @ normal inleh pressure, while structural dewmags can be

axpaected at high peaks in the inlst prassure.

NMoreover, it is complex and szpensive to conbrel the spesd
in conditions with an exceptionally high torqus and & low

spaead,
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A velated problem is the sspensive snd complsx moderations
of the problem of tou high s speed. Whan the braking torgus
is lost; the sXpsnsion sachine «*ill socelerats guickly snd
craste hassedous opevating conditions that jeopardise the
relisblility of the systenm and 111 resuli in an sxoessive

supply Yo the downstrean gas network,

An often used moderation technigues is to use guick-glosing
valvas before ths sxpansion devies, such that ths mass flow
and the torgue are effectively cut off in o fraction of a

soona .,

Suoh quick-closing valves cause a temporary vacunm at the
inlet of the expansion device on acoount of Its rotation
Seisy. The vaouwam guickly brakes bhe expansion macshine €9 a
sy

transient loads on the mechanical system,

{’}

2. The use of guick-olosing wvalves pmeans  vayy highk

aveyr, the axpassion machine remains out of operation

3
until At I8 properly conteelled, restarts and im
Y

M
O
o
ot
i
%
§IH

gain with the slsctricity nebwork.

The loss of braking torgue <an be due to & kroken shafr
connecbien, then a stoppage by & quick~closing valve can be
adeguats.  But 4% ¢an slso b2 gus  to  short oy  long

o

ddsruptions in the elsotricity network, an unstabls speed
contyald of the V89, or an overload of

the brake ganerator,

Tha detsgtion of real or supposed smprosney situations, fox
axsrple In suxilisyy systoms oy by sesns of &b spergeney

button, ¢an lsad 10 the nsed Lo use guick-slosing valves.
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A safe, reliable and quick way to limit the torque in an
expansion device is thus desirable, and preferably a method

S that can operate continuously without losing cperating time
of the expansion machine, even if an inlet pressure is
temporarily stopped.

The purpose of the present invention 1is to provide a
10 solution to the aforementicned and other disadvantages by
providing a gas expansion device for expanding a gas or a
gas~liquid mixture, whereby the gas expansion device
comprises a gas expansion element with an inlet port for
the gas to be expanded and an inlet pipe for the gas to be
15 expanded, whereby the inlet pipe is connected to the inlet
port, whereby the gas expansion device comprises a first
liquid injection point for the injection of liquid, whereby
the first liquid injection point is at a position level
with the inlet port or upstream from the inlet port, and
20 preferably upstream from the inlet port and whereby the
expansion device is provided with a liguid separator for
separating liguid from gas that is expanded in the gas
expansion element, whereby the first liquid injection point

is connected to a liguid ocutlet of the liquid separator.

25
As a result, when too high a torque is detected, liquid ca
be injected in the gas flow upstream from the inlet port,
or level with the inlet port, so that this liquid goes into
an expansion chamber together with the gas.

30

When operating at high speed, the liquid that is injected

ensures a braking effect on the inlet gas. The energy

—5a

i

)
3 AMENDED SHEET 19/12/2017,
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5a
needed to accelerate the liquid reduces the total pressure
of the gas, such that the pressure ratio of the expansion

and volumetric inflow of the gas expansion device is

reduced. As a result the torque is limited.

—+
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Whan oparating at low spesd the liguid that is imisctsd
fills a largs groportion of the chawbey wolums that wowld
otherwise be oocupiad by inlet gas. Congesguently the
volunmeteic inflow of gas is reducsd., The pressure ratio
ramalns praserved but the mass £low is reducsd. As & vesull

the torgue is limitad.

Furthermors, when an ssergency situation is detscted that
reguires & rapid stoppage of the gag oxpansion Jdavice,

ligadd can be iunjscoted ypetresm frow the inlet poxt.

The ligudd then has the efifsct as desoribed abovs, but also
substantially resduces the high speed that would cotherwise
briefly cogur. This means that a protection valve, before

the sxpansion devige, can be clossed with a slower operating

spend than would otherwise be the case. Conseguently an
extremely Tast and expensive guick-closing wvalve is

unnacessary, and a standarvd valwve can be used for this, a
possible hriaf ovsricad does not  osoour  amnd  the gas
gxpansion devies is operaticonal agsin more guickly afher an

amsrgency sibwabtion,

Ruch an swergency sitpastion can oomr in the event of s
technical fault, for example a disconnection of the energy
netwerk toe which energy s supplied, or the losz of the
mechanivcal coupliing betwesn the expansion elemant and the
genavrator, and can ds deteviad in many ways Known Lo 8 man

skilied in the axi.
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Such an emergency situation can also occur if an auxiliary
apparatus, correctly or incorrectly, issues an emergency

signal, or if an emergency stop procedure is activated by
human intervention or by software.

S
Furthermore, because the gas expansion device comprises a
liquid separator, the same liquid that has already been
separated from the gas, normally oil, can be used to supply
the first liquid injection point.

10

In a preferred embodiment, the gas expansion device is

provided with means for starting up or switching off a flow

of the said liquid to the first liguid injection point, so

that the first 1liquid injection point can be used or
15 otherwise according to need.

Preferably these means are connected to a control unit to
control the means, and the gas expansion element is
mechanically coupled to a generator such that the expansion

20 element can drive the generator, whereby the control unit
is connected to the generator.

As a result operating conditions and measured parameters of
the generator can be used to contrel the said means.
25

-8

[ —y
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Preferably the gas expansion devics comprises & seoond
ligeid indecticn point that dfa configured Lo indsct the
said liguld in the gas expansion slement abt & position
downstream from the inlet port, and the gas expansion
devive iz provided with a reservolr or zupply pipe for the
said liguid, whsreby the first liguid injsstion point and
the second liguld injection point are both connested to

this supply pips or this ressrvoeir.

Ax & result the same lilgeid that 1§ normally alveady
injechted via the segomd liguid indection point for ocooling

andfor lubrication coan also [k injected] to the firsy

liguid ingsction peint so that the cowplexity of the devicos
is readuced.

Prefarabdy the sald masans comprise & these-way valve with
thres connecting ports, whareby a figst of the connecting
ports is gonnected to the supply pipe or the reservoeir and
the Sthey oonrmeohing ports are sach copnegted to one of the

d liguid injestion points,

W

v

882

As & yesult, the supply »f the sscond liguid injeotion
polint, that is desiradble in normal operatiorn, can sasily be
diverted to the first liguid injsotion peint i the

operation  ds  such  that the wse of the figst  liguid

indection point i desicable.

In a preferred smbodiment, the first liguid injeotion point
iz poesitioned  sucsh  that  the injesotion  dlrscticn  is
gpstyream. This ensures & maximum braking sffsot gpon the

ogoonrysnce «f a high torgue when operating abt high speed,
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because the direction of the liquid must then be reversed

by the flowing gas.

The invention further concerns a method for expanding gas
in which this gas is guided by a gas expansion device
according to the invention, 1in which liquid is only
injected wvia the first liguid injection point upon the

detection of an exceptional operating condition.

Hereby a first threshold value of a torgue being exceeded

indicates a first exceptional operating condition.

This torque i1s the torque of mechanically coupled shafts of
the generator and the expansion element. This can be
measured in various places, or derived in a known way by a
man skilled in the art from other measured values such as

speed of rotation and power.

Hereby the occurrence of an emergency situation that
requires the stoppage of the gas expansion device indicates

a second exceptional operating condition, for example.

Hereby a threshold value of the speed of rotation of the
expansion element being exceeded for example, or a second
threshold wvalue of a torque being exceeded, or a first
threshold value of generated electric power being exceeded

indicates an emergency situation.

Alternatively the invention can be defined by means of the

following items:

Date recue/Date received 2023-03-31



10

15

20

25

30

10

1. Gas expansion device comprising a gas expansion
element with an inlet port connected to an inlet pipe for
pressurised gas, whereby the gas expansion device comprises
a liqguid injection point that is located before the inlet

port.

2. Gas expansion device according to item 1, in which the
gas expansion device further comprises a main liquid
injection point that is configured to inject liquid in the

gas expansion element at a location after the inlet port.

3. Gas expansion device according to items 1 and 2, in
which the liquid injection point and the main liquid
injection point are both connected via a liquid pipe to two
connecting ports of a three-way valve, whereby the third
connecting port of the three-way valve is connected to a
liguid outlet of a liquid separator connected to the outlet

of the gas expansion element.

4. Gas expansion device according to items 1 and 2, in
which injection control means are provided for controlling
the flow of the liquid that is injected wvia the liquid
injection point and the flow of the liquid injected via the

main liquid injection point.

5. Gas expansion device according to items 3 and 4 in

which the control means comprise the three-way valve.

6. Gas expansion device according to item 3, in which the

three-way valve is connected to a controller.

Date recue/Date received 2023-03-31
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7. Gas expansion device according to item 6, in which the
controller is further connected to a generator that is
connected to the gas expansion element, such that the

expansion element can drive the generator.

8. Method for operating a gas expansion device according
to item 1, in which the liquid injection is switched off

during normal operation via the liquid injection point.

9. Method for operating a gas expansion device according
to item 1, in which, when operating at high speed, the
ligquid injection wvia the 1ligquid injection point is
activated when the torque or the inlet pressure exceeds a

first preset threshold value.

10. Method for operating a gas expansion device according
to item 1, in which, when operating at low speed, the
liguid injection wvia the 1liguid injection point is
activated when the torgue or the inlet pressure exceeds a

second preset threshold walue.

11. Method for operating a gas expansion device according
to item 1, in which during normal operation the liquid
injection via the liquid injection point is activated when
it goes below a power or torque limit; or when a speed
limit 1is exceeded. The present invention relates to a
method for registering the movements of the limbs of an

articulated body.

12. Gas expansion device for expanding a gas or a gas-—

liquid mixture, whereby the gas expansion device comprises

Date recue/Date received 2023-03-31
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a gas expansion element with an inlet port for the gas to
be expanded and an inlet pipe for the gas to be expanded,
whereby the inlet pipe is connected to the inlet port,
whereby the gas expansion device comprises a first liquid
5 injection point for the inijection of liquid, characterised
in that the first liquid injection point is at a position
level with the inlet port or upstream from the inlet port,
and in that the expansion device is provided with a liquid
separator for separating liquid from gas that is expanded
10 in the gas expansion element, whereby the first liquid
injection point i1s connected to a liguid outlet of the

liguid separator.

With the intention of better showing the characteristics of

15 the invention, a preferred embodiment of a gas expansion

Date recue/Date received 2023-03-31
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gevios  acvording  to the dnvention and an  acconpanying

methed ave desaribed herainafter by way »f an sxanple

without any  Idmiring naturs, with  referenge o the

Soourpanying drawings, wharein:

figure 1 scohepstioally shows 8 ¢as oxpsnsion devios
aswording to ths dnventicrgs
figurs & Illustrates the cperating principls of bhe

gug expansion devige.

Inn thiz exampls the ggaz expansion device 1 is & double
serew natural gas expansion deving with oll injeotion to

the sxpansion.

Howewer, the Invention oan be sismilarly spplied o other
typas of voluneiric sxpansion machines and othey fluids

than il and nabtural gas.

The gas sxpansion devies 1, as shown in figure 1, ocomprisss
~

& doubdle sorew &xgamaim& slement & and apn electricity

generatoer 3 that asre wmechanically coupled together.

The expansion elsment 2 comprises sn dnlst port 4 fop
agtural gas that is oonnected te sn inlet pipe § for

I‘ifl:

ve & is provisged in the inlst

63

2
natural gas. B shut~off val

An oll sepavateory ¥ for separating oil and gaw is provided
£ t

downstresn oo bhe sxpansion slament 2. This has an oullsh

8 for sxpanded gas and an outliat 9 far o0il.
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The outlet 8 for oll i connected via an oil pusp 11 to a

fivst sonneoting port of a threse-way valwe 12,

The two other gonnscting ports of the three-way valve 12

5 are sonnectsd o liguid dndestion points.

More specifically this congsrny & first ligquid indection
point 13 thet iz affixed just upstreasm from the inlet port

% .

4 in the axpansion slawent 2 or in the inlet

pipe 5, snd &

18 saoond ligquid indection podnt 14 that s affixed downstream
from the inlet port 4.
The first ldguid injection point 13 hereby has an injection
dirsction that iz cpposite to the flow dirsgtion of the
I3 gas

The gas sxpassdon devive 1 s further provided with an
glactronis contrel wnit 15 that is connected in a data-

transferring way to the shubt-off wvalve §, the thros-~way
2% walve 18 and the genesrator ¥

The operation of the gus expansion dewvive 1 is simple and

as Tollows.

B In the svent of ncymal operation, i.8. when a highsr torgus
than desired is nob detested, the thros-way valve 18 is set
such that 811 oil iz driven o the ssooend Liguld injsotion
point 14, The operxation is then analogous to 8 traditional

gas sxpansion devios.



19

i5

20

30

CA 03013864 2018-08-03

WO 2017/143408 PCT/BE2017/000011

14

This is schematically shown in figure 2. The horizontal
axis indicates the progress of the rotation of a rotor of
the expansion element 2. The vertical axis indicates the

volume of an expansion chamber.

Hereby the inlet port 4 is open to the expansion chamber
between the points indicated by A and B. Just after the
inlet port 4 1is c¢losed, o©il is injected via the second
ligquid dinjection point 14, schematically indicated by the

interval from point C to peoint D.

This is done in this way because, for a cost efficient
application of a screw expansion device, the peripheral
speed of the rotors must be as high as possible. Hence the
o0il injection to the inlet of the machine must be minimised
to limit the friction lcosses that reduce an optimum filling
©f the expansion chamber. Hence, the o0il injection 1is
generally c¢ontrolled such that the o0il gets in the
expansion chamber after the inlet port is closed, when the
01l has no further effect on the filling process of the

chamber with gas.

In order to obtain a good effect of the inijected oil, it is
often injected at high pressure, immediately after the
inlet port is closed. The o©il pressure is generally higher
than the gas pressure at the inlet of the piping, despite
the fact that the chamber pressure is reduced immediately

after the inlet port closes.

In a first exceptional operating condition, i.e. 1f a

higher than desired torgue is measured or caleculated in the
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the three-way valve 12

{ o
o
i
€3
G
)
%
1{
&
4ot
£
ot
st
¥
*-d
(321

gensrator 3 by

a}

get  suvh that a8l oil flowg o the first  Liguis

& This has two effects. The first sffeot is Lthat upon
injection, the il experiences & narrowing and ohange of
directien dus Lo the gas flowing past so that the effsctive
inlet pressuyre of the gas is reduced., The second effect is
that the il flows in the sxgangisn chasber of  he

10 expanzion slsment, so that there is less room for the gas.
With & high speaed of rotation in the first effect will
significantly gain the upper hand and at a low aspeed »of
rotation the sevond affent will significantly gain the

upper harud,

o
ir

In both ossey the torgus iy reduced so that an ovesrlioad of

the gas sxpanaian devics 1 4y prevantad.

Ir & ssoond exveptional operating conditlon, upon det

t
20 of an spergensy situstion, the thres-way valve 12 is alse

gt such that a&ll oll flows to the filrst liguid indscotion
point 13, with the abhova-ment ioned effscis, &g

N

sdditionally the shut-off valve & is clossd by the oontrol
unit 1%, so that the gas oxpansion devios I gulickly cowmes
2B to a stop din a way that doss not cause any damage to the

gas expansion dewvice 1.

In the aboeve, downgtreas and upsiream yvefer 1o the flow

{2

rection of the gas.
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The present invention is by ne means lismited to  th
gubodinents desoribegd as  an oxamnls and shown in the
drawings, but & gay axpansion device and method scocording
o the invention can be raslissed in all Rinds of forms and
dimesnsiong  without departing Sfrom the goopes of the

invantion.
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Claims.

1. Gas expansion device for expanding a gas or a gas-
liquid mixture, whereby the gas expansion device

5 comprises a gas expansion element with an inlet port
for the gas to be expanded and an inlet pipe for the

gas to be expanded, whereby the inlet pipe is
connected to the inlet port, whereby the gas expansion

device comprises a first liquid injection point for

10 the injection of ligquid, characterised in that the
first liquid injection point is at a position level

with the inlet port or upstream from the inlet port,

and in that the expansion device is provided with a

liquid separator for separating liquid from gas that

15 is expanded in the gas expansion element, whereby the
first liquid injection point is connected to a liquid

outlet of the liquid separator.

2. Gas expansion device according to claim 1,

characterised in that the ligquid is oil.

20 3. Gas expansion device according to claim 1 or 2,
characterised in that the gas expansion element is a

double screw gas expansion element.

4. Gas expansion device according to any one of claims 1

to 3, characterised in that the gas expansion device

25 is provided with means for starting up and switching
off a flow of the said liquid to the first liquid

injection point.

Date recue/Date received 2023-03-31
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. Gas expansion device according to claim 4,

characterised in that the gas expansion device

comprises a control unit to control the said means.

. Gas expansion device according to claim 5,

characterised in that the gas expansion element is
coupled to a generator, such that the expansion
element can drive the generator, whereby the control
unit i1s connected in a data-transferring way to the

generator.

. Gas expansion device according to any one of claims 1

to 6, characterised in that the gas expansion device
comprises a second liquid injection point that is
configured to iniject the said liquid into the gas
expansion element at a position downstream from the

inlet port.

. Gas expansion device according to claim 7,

characterised in that the gas expansion device is
provided with a reservoilr or supply pipe for the said
liquid, whereby the first liquid injection point and
the second liquid injection point are both connected

to this supply pipe or this reservoir.

. Gas expansion device according to any one of claims 4

to 6, characterised in that

- the gas expansion device comprises a second liquid
injection point that is configured to inject the said
ligquid into the gas expansion element at a position
downstream from the inlet port;
- the gas expansion device is provided with a

reservoir or supply pipe for the said liquid, whereby

Date recue/Date received 2023-03-31
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the first ligquid injection point and the second liquid

injection point are both connected to this supply pipe

or this reservoir; and

- the said means comprise a three-way valve with three
5 connecting ports, whereby a first of the connecting

ports is connected to the supply pipe or the reservoir

and other connecting ports are each connected to one

of the said liquid injection points.

10. Gas expansion device according to any one of
10 claims 1 to 9, characterised in that the first liquid
injection point is positioned such that the injection

direction of the liguid is upstream.

11. Method for expanding a gas in which this gas is
guided by a gas expansion device according to any one
15 of claims 1 to 10, in which ligquid is only injected
via the first liquid injection point upon the
detection of an exceptional operating condition,
wherein the exceptional operating condition is
indicated by:
20 - a first threshold value of a torque being exceeded;
and/or
- an occurrence of an emergency situation that

requires the stoppage of the gas expansion device.

Date recue/Date received 2023-03-31
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