PCTI NO20071800200 A REGULATI NG DEVI CE AND METHODS OF USI NG SAME The
present invention relates to a regulating device for use in the
regulation of a fluid flow. Mre particularly, it re- lates to a
regul ati ng device which is operated by materi al i I h a
controlled change in the energy potential of s ig?ﬁg?@i1gpﬁf§§&yg
exanpl e thermal energy, and which ig arranged to regula@fgaﬁgazﬁes
substantially constant anount of a de- sired fluid i ndependently of
the pressure, viscosity and tem perature of the fluid at the inlet
portion of the regulating device. The invention also relates to

met hods of using the regulating device. In addition, the invention
relates to a flow gauge or quantity gauge, said regul ating device
being incorporated therein. in this docunent the term fl ow gauge
shoul d al so be understood as possibly being a quantity gauge. is The
object of the invention is to provide a regulating device which is
substantially free of nechanically novable parts, while, at the sane
time, it is adjustable and not easily in- fluenced by possible
inmpurities in the formof particles in the fluid flow ng through the
regul ati ng device. A further 20 object is to provide a regul ating
devi ce, which could be wutilized as a flow gauge or quantity gauge.
In the petrol eum production industry, for exagyle there is an
ever - i ngr gasiMErNeebi st hapabtians ©F H688C SA%i d, such as a
liquid chem cal, into another nedium a so-called chem 25 cal

injection. Further,, there are sedo . stk andicraeed £2rfwret he
abi | it yThE BEEHTRL SRR SR LS CoTh e ﬁ”egchemlgah

i nj ectjon
SySt9”5inT9ﬁ§Yré§&I£tﬁmfxﬁSysféptdcbhngryp§ﬁ|9ar%ﬁaﬁya§g&e11%ﬁaahlSO
FY Sre o, O U, AL g LLLS" A0 10 Bpafsi i ng Wheedbsi ng of
5 expansion through a controlled change in the energy

and which is

£ a de-

potential

of said material, for example thermal energy,
arranged to regulate a substantially constant amount o
sired fluid independently of the pressureé, viscosity and tem-
perature of the Ffluid at the inlet portion of the regulating

o device. The invention also relates to methods of using the

regulating device. In addition, the invention relates to a

flow gauge or quantity gauge, said regulating device being

incorporated therein. In +hig document the terxrm flow gauge

should also be understood as possibly being a gquantity gauge.

15 The object of the invention is to provide a regulating device

which is substantially free of mechanically movable parts,

while, at the same time, it is adjustable and not easglly in-

fluenced by possible impurities in the form of particles in

the fluid flowing through the requlating device. A further

20 object is to provide a regulating device, which could be

utilized as a flow gauge oOr quantity gauge.

In the petroleum production industry, for example, there 18

an ever-increasing need for the ability to dose a fluid, such

as a liquid chemical, into another medium, a go-called chemi-

i d need
.5 cal injection. Further, there are an expressed wish an
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s bon wells by the use of different control valves, such as danper,
choke, needle and gate control valves, also of ther- mally sensitive
and sel f-adjusting control valves. Exanples of such systens are

di scl osed in the Canadian patent applica- tion CRCR/ MB2IFION 0A B@é&an
patents US 6, 745,838, US 10 4, 565, 215, PCT applications WpEO7J4i3 :

WO 2004/ 016904 and WD 94/ 25188, Eur%pean patent application EP 1 355
169 and British patent application UK 2 276 675. However, it turns
out that all the control valves shown in the above-nentioned
publications, and systens, which are commercially avail able, as have
at | east.one, of .t her «f awbacksmaest inhetrionewhatt ol |Gvis chePacihe

automation and renote control of, for exanple _chem..gahiinjection
there i $ndenbéenfoysEinactivdedr CRGHE GH S fgg%?m?agn%@ %o regul ate the

amount of _Ehuid. Wai&his iRiseehsdindwi Eranf thedodtaw Literstyet ml

that such actuators are con 20 stituted by ane or re CLELE.
hydr aul desoripheants cleming 6fs FhRShH Jirétf%r gméo%%aer@eed '?%,%a control

val ve. %&Swé%gé €. SEIL S, 4 Abackseratntemitholhvabvade spaces
requireffent and to° repalir and mai nt enance, Wh;'lJCh V\/iallllson%%e%ﬁgg_ly
have t o daepecar cheke puteedhlareeiafirbal P HHVaBPe par t% Bver time. To

have 25 cantral qv UH_ .QfuEt Ui dopiceet edaltdrer xiagpdddi ti on-
ally th@aﬁggds?%?lg{Y% Q%Vl%;r%ge grﬁg so-ggal led "fl ow r’r,éet r" aLch
€

needs t @fbeuvennnestedstara HPorilcsadotn tHe CaRadEE™i HF-Whi &RF

injection fluid,i onyey fl.ow net er 75, 8x®) atd vel y space
demandi g% #%&r %d%%gsgﬁhﬁeo%ﬁgxggnd mai n 30 tenances d{?@ngingg
parts ang seepresenteTanpphsiaddoall B0d9 &t Bek "Bot AT 1 1576 % AVEst nent

phase and in t per.ation &?%% Pstant ab proporidomndf the
dosi ng %?&&Eﬁégd }F}%r?%%arp I ﬁBZé%@/ 000200 3 injectjon of
cheni calgs-jakens easkht veppbi ddteion §E08i 296 ¢f75-hgowever, it turns
out that all the control valves shown in the above-mentioned
publications, and systems, which are commercially available,

15 have at least one of the drawbacks mentioned in what follows.

Tn the automation and remote control of, for example, chemi-
cal injection there is a need for an actuator, which is ar-
ranged to regulate the amount of fluid, which is injected
into a fluid flow. It is normal that such actuators are con-
20 stituted by one or more electric, hydraulic or preunatic mo-
tors which is/are connected to a control wvalve. This repre-
sentg drawbacks related both to the space requirement and to
repéir and maintenance, which will necessarily have to be
carried out on mechanically wmovable parts over time., To have
.5 control over the amount of fluid injected, there is addition-
ally the need for a flow gauge or a so-called "flow metexr"
which needs to be connected to a portion of the conduit in
which the injection fluid is conveyed. Such a flow metex is
relatively space demanding, introduces many complex and main-
tenance-demanding parts and represents 2 congiderable dxaw-

30
back both in the investment phase and in the operation phase.

A substantial proportion of the doging systems used in the
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chemcals, which is, in turn, influenced by tenperature, so that the
viscosity increases when the tenperature falls. To avoid too high a
viscosity, there may therefore be the need s to provide the supply
system of the chemicals with heat and/or insulf§ff&h200i8H 0260
represents in turn econom c and op- erational drawbacks. é @Hﬂ?ﬁm of
t he known regul ating systens have tyrned out to he sensg ive to
inpurities because of narrow flow areas, for 10 exanple in the
so-called "orifice". Therefore, to avoid inpu rities, there i's a need
for a filter systemretaining inpuri- ties. Such filter sy
require; servi;eingd Bnkhech s maf senebatvwely tﬁeeéfﬂéﬁ?s?%loigrr%%nt of

filters. IS represents a , particul.ar thdi-sagduantage where the
access twenivalfd,| whicheisgyst et &F§#|%u f?b?ﬂlin?ted. The

i nventi %@ﬁlé O s 10 eRtrdéadenpay bhe atenReastUFEdGRE " orfe or

more dria s of the prior art. The object, s achieyedctaraugh
f eat ur esvspicida ddidhn at KésdesSer | PY6n %%I%%%%nd in the clains that

follow 20 10 %aé |3t FApReg! s hespreEsent theeidlon wishcBAt i tuted by
or

a r%gﬁ?%l?%ﬁv evi ce regulating a fluid f o doRemh e08h@tddg
devi ce gﬂammisimgpkﬂtkm%ué%é?he¥%ﬁ§ﬁFnFﬁcFﬂdﬁ%§¥§5f?fgt re- striction

device, and,a r | at.ingdevice body including a second restriction
devi ce ﬁﬁﬁt?%ﬁ%f%g?g%%befher with said 25 first restriction device,

t he choke device of the regulating . devic L9, allingudevs ce
bei ng prouideerwf Hie flqrmwnaﬂféaulaa‘?lr%g“’é’ég?%é2%%‘5ey fluid between a

fluid inplet and | Ui ety BEehide oichantor Blamaseagr o
regulatgﬁgSEQE%%gv%égiqj%g#%g d?sppsedigt %e%g O{g a PeLbkanifbut he
r egubat cRgmdewi te todysandldedudedt i Biement o Fespectivel y, wherein

the actuator e|lenent. ulsat.i or de\drceyboely wetE igomIedEBET 1
such a rAf@EﬁBEDL}%ﬁé%ﬁ%%drf{e%% 2907/ 000200 . . " . i sorm of
ties. Such filtexr systems require servicing in the

relatively frequent replacement of filters. This represents a

(l-
particularly great disadvantage where the access to the fi

15 ter system is difficult or limited.

The invention has for its object to remedy or at least reduce

one or more drawbacks of the pxior art.

The object is achieved through features gpecified in the de-

scription below and in the claime that follow.

first aspect the present invention is constituted by a
the regulating

20 In a
requlating device for regulating a fluid flow,

. , irst re-
device comprising an actuator element including a firs

striction device, and a regulating device bedy including a

second restriction device and forming, together with egaid
the choke device of the regulating

ith a flow area

.5 first restriction device,

device, the regulating device being provided w

arranged to convey fluid between a fluid inlet and a fluid

cutlet, and the actuator element or regulating device body

peing disposed at least in a portion of the regulating device

i i toxr
130 body and actuator element, respectively, wherein the actua

i i ch a
element and regulating device body are connected 1n su
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4 way that the actuator elenment and the regul ati ng device body are
arranged to nove freely independently of each other in consequence
of a. material. expansion or material contraction, the through-put
of the choke device being indirectly influ s engen; Ry 2807 2O 9Y 5 ¢
source which is arranged to supply energy to at |east one qééh ﬁ
actuator el ement and/or regulating dg- vice body. By i n&rbals er gy
potential is neant, in this docunent, in- creased electron mgration
or energy inducing material expan- 10 Sion. In a preferred enbodi nent
the energy supplied is provided by an energy source in which the
ener gy zggpgggg L ScakEangast e enbat cond ridld eeguTaeirhetgConhPER is
o]

supplie the actuator elenent fromth ¥ SO G&heSOHhd
t her eby e warieageds o 115O‘f€haftrete|9ré’ rlgg? T elngrq%gvi ces of the choke

devi ce qgﬁkggégggg-otiXeﬁéh&5@ﬂg%xpaﬁbiémnmrgbaer@@lt@ﬁéé@ﬁtéPﬁer,
e

wher eby ow rate of the regul ating device. ghanged. In
one enbodieneitrorsl-peguPht iRy ebgeVég%§§§f%%éﬁ§F%%F§E?

oLy s b 0 TRARSGPr SYARId NIt iheagregkdstodegRly FETIY

< . . .
poss , energy supplied to the material from heing Lrans M4ited to
t he envitonmedteastr poandf ngfe F&PEGGFak ﬁﬁaﬁé€F§Z9g F%és iéﬂ%%portant

i n order fég Qﬂﬁ,regulating device to be influenced, to the small est
degree pbssi K%Y by the energy, for exanple the tenperature, of the

surroundi ng environnment, 25 and particularly i, ANhoddhehseaand
aspect ofy thedenasad eppsay PRLsiiien ﬁﬁem?%ﬁﬁg 5%?%gagev?ce accordi ng

to the present, Jn LOR ik Satsgd As eachbpw mibtangomageabint tSFRF&uge
for neas?r?ﬁ$%%€%%§§?FOM/%gte or quantity of a fluid. Such a flow
nmet ek, f ogiomeasuring the flowrate or quantity, is 30 characterized
by including a regul ating device according to the first aspect of

the inveﬁﬁié”bﬂ!¥¥f¥é$.%Q%oﬁhﬁ&hﬁaﬂﬁab&bmgy supplied is provided by
an energy source in which the energy gsupplied is arranged to
be controlled. The energy, which is supplied to the actuator
element from the energy source, could thereby be varied, sO

that the restriction devices of the choke device could selec-

whereby the

15

tively change position relative to each other,

flow rate of the regulating device could be changed.

Tn one embodiment the regulating device is provided with an

energy-insulating means preventing, to the greatest degree

20 possible, energy gupplied to the material from being trans-

mitted to the environment surrounding the regulating device.
Thig ig important in oxder for the regulating device to be

influenced, to the smallest degree possible, by the energy,
for example the temperature, of the surrounding environment,

.5 and particularly important in a second aspect of the inven-

tion, in which the regqulating device according to the present

invention is used as a flow meter oI quantity gauge for meas-

uring the flow rate or quantity of a fluid.

guch a flow meter for measuring the flow rate ox guantity, 1is

.o characterized by including a regulating device according to

the first aspect of the invention wherein the flow rate being

RRAFRIFEN M1 1P



PCT/ NO 2007/000209 5 given by the fornula: as = I/(Op*(t2-t‘1)i n
~which Gs is the flowrate of the fluid [9/el; | is the supplied power
rw, wherein SO Cp is the thermal capacity of the fluid [J/g KlI;

ti is the energy of the fluid neasured at an inl | i

regul ating device (1); and t2 is the energy of t%"ﬁ‘?gﬁ@”@e%ﬁ@ at
an outlet portion of the regulating_device (1), in the §§ (4 2008

sel f-adjusting action of the flow neter (1) causing the energy
difference t2-tl to be constant at a constant supplied power |I. Wth
constant energy difference is neant an energy difference varying to

such a snall degree th {1.has no practical con- is sequence for the
purpose.gii"oerbg?yggﬁg %’8%%% culate the flow rate even before energy
bal - ance hasicheer/repctiedtidhe fhowiEter is further, in one em

bodi nent, provided with a reaspring devige 410i@eagyER; a change in
the energy potent &l ;[°f6r exanpl e tenperature, of .a zo fluid in

0
consequence of energy shpptimd itd pheet| By MiesEdR *The entire

regul ati ng device or ,parts t.he f oabQeed e dnaspestid ofJthex] ;
inverition there i gpprlgvit‘%% %exrﬁlg’ﬁhogb of 31ﬁegul ating a fluid,

( fl.ow ng
through a regul at itng idevhe eermeegycotdichg Ebrth@errrse® adhett l(Slrle\téﬂhe

invention, wherein the 25 fluid f]| arough it he (regukadi ng device is
regul ated by chaf rﬁéof”h‘é%e ergrfgglgﬁ%ﬁﬁg i

y'to the energy source so.that
the throughput of-st he ehekensew cf wihkl fthEhSagHER atn%%v%’f%%y
bal ance has been achi eved, _so that that the energy,supplied to the
regul ati ng devi ce HAGHPEhEE et d@fgsuglﬁr%%gécger I espgngls

.6 the self-adjusting action of the flow meter (1) causing the

lied
energy difference t2-tl to be constant at a constant supp

power L.

With constant energy difference ig meant an energy difference

varying to such a small degree that it has no practical con-

15 seguence for the purpose.

To be able to calculate the flow rate even before energy bal-
ance hag been reached, the flow meter is further, in one em-

bodiment, provided with a measuring device to measure a

change in the energy potential, for example temperature, of a

.o Fluid in consequence of energy supplied to the fluid through

the entire regulating device or parts thereof.

In a third aspect of the invention there is provided a method

of regulating a f£luid flowing through a regulating device ac-

cording to the first aspect of the invention, wherein the

£luid flow through the regulating device is regulated by
£ the

25
changing the energy supply to the energy source =0 tha

throughput of the choke device will change until a new energy

palance has been achieved, so that that the energy supplied

to the regulating device from the energy source corresponds

50 to the energy removed from the regulating device via the

fiuid flowing through.
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as to the energy renoved fromthe regulating device via the fluid
flowi ng through. PCTI NO20071 000200 6 |In a fourth aspect of the
invention there is provided a nmethod of regulating an ener of a
fluid which is flowing through a regulating de%?o’ééﬁamarf(ﬂgéﬁ 28 @ he
first aspect of the invention, wherein the energy of thﬁ fl img
flow ng s through the regulating device is regul ated by %a’*@é‘i t he
energy supply fromthe energy source to the regul ating device so
that the throughput of the choke device is changed until the fluid
flow ng out of the regulating device has obtained the desired
energy. Liu_A.conn c;é%)é’bipegiv\@@l_@ gﬂ@@faﬁ&j&ﬁ ehgrgyiSf-@m/VWeaand t he
en- ergy potential and properties o . : SomewWiakSh,
plifiedmeb@odxpEessad alslFDh A OREELTPE % a*%lébllga?%b&?l ) | 1}) g?v\_]ﬁ
t2=tl +.1/ X ' Vg IdaWokChacdrdisid he pbeefistippisPeqt|
(7/s) Tﬁihfolglggaak%%\#;&%%% i(%y as the po S Egl.'egll '“gin%ontrol | ed;
Gs is thaef liowenat.enpf widrei e Fa%%ﬁ%& ?s f'(%e t(%ermal écapaci ty
of the fluid [j/[gK] i .S: | : kBoYWs, r&fulakclengt campasuitabl e,
quant’i t)}:hfr&ugg‘ Fﬁﬁi ﬁ?gg?%éjiﬂsgstd%glgﬁer gy %{)t ent 'b.?l fOf . EXAIMRLE: ce

t enper atdfeagyobubbey frondhmangrey aPUfFR ShIFBE PSFTIdR Gf the

fluid, and t2 is thﬁgener}?%u@%thgabhoﬁ@rd@g@@pﬁe teaperdatwtél of
r

the 25 %% fidtnERSur8a°%f it has flowed through t he eorgﬁiari%e%}e]gu-

| ating dewi g .@u pabtsnghenecst theerepelptidide I&¥6F HAEs 19w t hr ough

the regul ati ng device,
the desired energy.

15

10 A connection between supplied enerdy, flow rate and the en-

ergy potential and properties of a fluid can, somewhat sim-

plified, be expressed as follows:

I= Gs » Cp « {t2-tl) [l

or:
’ i
15 £2= t1 + I/{Gs « Cp) [171]

in which:

T is the power supplied [W] (j/s). This is a known quantity

as the power supplied ig controlled;

Gs ig the flow rate of the fluid [g/sl;

20 Cp is the thermal capacity of the fluid [j/gkl. This is a
known, or at least a measurable, guantity for a fluid;

t1 ig the energy potential, for example temperature, of the

fluid measured at the inlet portion of the fluid; and

+2 iz the energy potential, for example temperature, of the

.5 Fluid measured after it has flowed through the entire regu-

lating device or parts thereof.

The flow rate Gs or mass flow through the regulating device,

converted into kg/h is thereby given from the following for-

mula:

BIMENDED SHEET



converted into kg/h is thereby given fromthe fol I’owi ng for- mula:
DED SHEET T 1 2007 10 0 0 2 00 7 G=3,6 1/Cp . (t2-t:1) [kg/h]
[2] To the formula [2] could be added a "calibration factor" Kf

whi ch coul d be determ ned through trials or be c@@g&é&&cﬁ@%ﬁlﬁeﬁﬁzgg
matically, so that the fornula [2] will be as follows

I1/Cp .x (t2-tl) Ekg/h] [3] The calibration factor Kf rraﬁsgb“@a 2{}88?’

constant or a mathematical expressi’on. The regul ati ng device coul d
al so be controlled actively and/or work as a flow nmeter or quantity
gauge based on the 7.0 follow ng connection. =v,: (n. De /4

41 in which: (165 c T D SL1 tTl-(O 0, 5.T2)}121]
§ X x(1/Di) x" }|§®6=o@o(§oSg LD (éi‘%ﬂlﬁég) Z%I%ZSLI/D}')"}E%* (u. w 41b)

0,is Q@ Volunetric flowrate (1/h) 15 v: Flowrate ( C)c oyar abl e
sensorége E{EGEB +DRT pEtenad bEi addshper apUreT o LRGP el enent
era

T2: Te ure of flurd in T3: er.ature af of| vk daticedpsttkeam of
choke demiice 0@0113 beoRie TS Eﬁn%)‘\lﬁl? (%cessol nput parameters: Sg:

Speci f| c V\EI %EEE f sLhepgedigimedeghla (3] w1\3£ils&§>§sF‘f3y THE medi um at
15 C (CP) scosity of the nmedium (CP) at "fluid bulk

terrperature" 25 c¢: Thermal y e dhum (kJaKg C) k:
Therral conduct i 98tyKbf* £hé f‘naajtpf%g)m(()Y?gmttlIj e

matlcal
The calibration factor Kf may be a constant or a mathe

expression.

The regulating device could also be controlled actively
he
and/or work as a flow meter OY quantity gauge baged on t

o following connection.

QO = v+ (O« Di%) /4 4]

in which:

1,864C«FxDi+SL1x (T~ {0, 5+T340, 5«T2) ) ) %2, (1 /D) *1/360000089*1(
Vo= ’ ' 0,14

(Csll/1) /%4 (ST /D3) 2w T (1w /UD)

Q: Volumetxic flow rate (1/h)

15 v: Flow rate {m/8)

variable sensor/meagurement parameters:

T1: Temperature of actuator element

T2 . Temperature of fluid in

ic
73: Temperature of fluid out upstreamn of choke device

20 L: PRower supplied (W)

Process input parameters:

sg: Specific weight of the medium (kg/1}

e Vigcosity of the medium at 15 °C {cPp)

1
. Viscosity of the medium (CP} at nFluid bulk temperature
1

55 c¢: Thermal capacity of the medium (kJ/Kg °C)

o
k: Thermal conductivity of the medium (W/m C)

Design input parameters:

- BMENDED SHEET



in input paraneters: AMENDED SHEET PCTI NO20O071000200 8 Di: Internal
di aneter of actuator elenent flow bore (m SL1: Length of actuator
el ement bore exposed to fluid (n) K E K2, K3: test constants

process calibration parameters: K. Calibrati oppyf/agtaso7 KE 60200
Calibration factor exponent Kv:

Viscosity profile factor
calibration paranmeters: Tm Nunmeric value (tinme in seco@&“@%%@?w
| ong the control 10 system should Be in the measuri ng node). Ability
to change tinme needed to optimze during testing. Tr: Numeric val ue
(tinme in seconds for how |long the control system sgoul d(%e in the
regul ati ng node) . il t 9¢ Change ort eMenaeeddldwt &O8Ft i1l ze during
t estingPtt SIIWF%}?&I' tﬁlggr?fatcﬁgcggsary changes_in_ val yes ok 3PhB
funct i 0Bg1 . arengas SleetuBabrupberaMtpPOEEsE* Pt Ameters: Ji w
Vi scosity of the nedi m%CFé sl the surface tenperature Tl of the
act uat oklel Bfent: ﬁ%lvg + ?ﬁ*kv (15-TI)) pm Viscosity of the
medi um (CP) at nean tenperature Tm = (0.5T3+0.5T2) ump + (ix*kv
| nput opekatkeNcPRIIsrEtiens pa28meEerKet val ue for desired flowrate
(1/h) Regulat] ng func%icotn:r The control systemis to regulate and
mai ntai K:aCatABFet 1w *Tate Q conpared to the set value for desired
flow rate .Qealibration factor exponent

Kv: Vigcosity profile- factor

System calibration parameters:

Tm: Numeric value (time in geconds for how long the control
1w system should be in the measuring mode) . Ability to change

time needed to optimize-during testing.

Tr: Nuﬁeric value (time in seconds for how long the control

gystem should be in the regulating mode) . Ability to change

time needed to optimize during testing.

i ' unctions
s In addition, necessary changes in values for PID L

are possible.

Calculated process parameters:

tuxe
nw: Viscosity of the medium (CP) at the surface tempera

71 of the actuator element.
20 uw= 1 o+ (prkv (15-T1}))
Jms: Vigcosity of the medium (CP} at mean temperature
Tm = (0,5T3+0.5T2)
um 1+ (prkv (15-Tm) )

Input operation parameters:

.5 Qi: Set value fFor desired flow rate {(1/h)

Regulating function:

wrzenin Pt OLUIEET



t hrough regul ati on of the power supplied to the regulating 30 device.
There may al so be a need for PID regulation of the TI NO
20071000200 9 power to bal ance deviations regi stered between Q and
Q. The control systemroust sequentially switc

uring node and the regul ati ng node. Measuring n%@ﬁfgﬁ@ggdh? %??$%¥m
seconds the power supplied s without_the use of a regul atfifig-04- 2008
function, the neasured power suppli%d t hen representlng the power |,
ref. "Variable sen- sor/neasurenent paraneters" above. i gives, V|a a
set of nathemati cal fornulas for v and Q the relevant neasured flow

rate or quantity Q. _ whi c@ edi st HRd mekuran @ anhdiset val ue
for rov@Ci"'@tretﬁ’rbaaaﬂ??t e‘ﬁ eguF ?ﬁ]g node: regulating in Tr

seconds the supplied power to balance deviat,ons,Legistangd Jetween
t he IastTHeegjosit&roedsyé):amdrnmﬁftpme%@%éably st %uisaggor may be used as

the reference control [ @f rll1 mb8ct he system stays in the
regulatﬂh’@l%&é’ prgagg % to switch then into the

measuri ng node and f| nd t he new cur- rent he ge 1 node
and r egulied dung mp dedar: emeaaul HI a e gt Fﬁﬁ%ﬁ%sgsglc?ugncg Tm Tr (or

until T1|s sta Q FuRBt Lon wWdte fﬂ@ﬁ%?ﬁ%dlﬁéowex
descr beti-SPiun 1T PEng o erplarY, Srbo ment_of & Dk ehek rgch-

enbodi neg&%y\tﬂé:ch il irepakbzetins e POﬁPEsEht r'awi ngs, 1 n which

Figure 1 s a vi ew, of tingdevice according to the
present PBAVEMRFOH S cﬁ)a?cg&%g%%?’ded with an 25 external energy

source in the formof a heating el ement farned by geatLgocable
evenly dirsgiids, uted alerg of pokReratisek %8113%ernfaﬂlhj acket surface

d,
relevant measured flow rate or guantity Q. which is compare

in turn, to the set value for flow rate or quantity Qi.

10

Regulating mode: regulating in Tr seconds the supplied power

i d
to balance deviations registered between the last registere

0 and input value Qi.
71 must or may be used as the reference control parameter and

1
.5 the system stays in the regulating mode until T1 is stable,

Ur-
to switch then into the measuring mode and find the new ¢

i un in
rent Q etc. The measuring mode and regulating mode are I

i i to ob-
a continuous sequence Tm, T¥ {or until T1 ie stable)

tain Q = Qi.
ing exemplary embodi-~

in what follows ig described a non- limit
s visualized in the

20
ment of a preferred embodiment which i

present drawings, in which:
» 13 ¥ O
Figure 1 shows a view of a regulating device according ©

the present invention, which is provided with an

. ‘0
external energy source in the form of a heating

ng cable evenly distrib-

25

element formed by a heati
uted along a portion of the external jacket surface

of the regulating device;

BMENDED SHEEY



of the regulating device; AMENDED SHEET PCI / 00 200710 QQ@ 2 QQ
09 44-200 10 Figure 2 shows a view of the regulating device shown in

fig- ure 1, viewed froma first end portion of |k i
device; Figure 3 shows a cross-section of the réﬁgl@?@ﬁa iég@igrcgg@s
viewed through the line A-A of figure 2; and Figure 4 sk@gs&g%? §
cross-section of the regul ati ng devi Ge vi ewed t hrough the*li e‘@-B
of figure 2. In the drawi ngs the reflerence nuneral 1 indicates a

regul at- ing device, which includes an actuator elenent 3 and a regu-
jo lating device body 5. At its first end portion 7, the regu |ating

device 1.is _provided with.a.fhbeighd Ntiu19eiagddatidd shogecdndf ¥
portion F\Rngflﬁgagf I %kl’%”%muat I'et "13. The fluidinlet 9 and fd ghg outhet 13
are in fluid comumech- wieyedwfranah Hiin G824 EH IS defi ned by a
portion of the i ct QL gl.ement 3 and regul ati ng device body 5,
see figure 3. Theag%?%gc%eorlcel’,errent 3 is provided, at the first end

portion 7 of the regulating device 1, with a f| i.eh is con-
nect ed, myureans ehO‘s%raemm@S(@@@t%?@lR%Ab})}e S?Q%f%]?l%eggjdg\g% 2u

nection, to a flap Y edR8iH angel bne fromToigfaguend2 pendi on  of the
regulfati ng devi cevg%’é%d& Evéafrll1 t hough the screws 6 are shown only in

figure 1, it is to be understood that t scr ydixead
connect i Diguzr &/ | shavsog r@é@sﬁr‘aﬁtﬁﬂnt‘?ﬁg%‘& ﬁ'eag&??*é%lr;ges. 55 A

regul ating device $€dLa hf&hgﬂ xed l@n@l§&$@ﬁdfégdx@dztion 1 of Fhe
actuator el ement 3. ?n tl(%e second end portion 11 a regulating device
needie ;gnié%éﬂéiiwggggeghénrégg;éﬂyg gg&é%éill indicates a regulat-
ing deﬁice, which includes an actuator element 3 and a regu-
10 lating device beody 5. At itas first end portion 7, the regu-
lating device 1 is provided with a fluid inlet 9, and at its

second end portion with a fluid outlet 13.

The Fluid inlet 9 and fluid outlet 13 are in fluid communica-
tion with an annulus 4 which is defined by a portion of the

s actuator element 3 and regulating device body 5, see figure

3.

The actuator element 3 is provided, at the first end portion

7 of the regulating device 1, with a flange 3' which is con-

nected, by means of screws 6 (gee figure 1) or a fixed con-
.6 nectiom, to a flange 5', the flange 5' forming an end portion
of the regulating device body 5. Even though the screws 6 are
shown only in figure 1, it ig to be understood that the

acrews, or a fixed conmection, are/is also necessary 1n the

other figures.

.5 A regulating device seat 17 is fixed to a second end portion

11 of the actuator element 3. In the second end portion 11 a

regulating device needle 19 is also placed in the end portion
of the regulating device body 5. Thug, the regulating device

seat 17 and the regulating device needle 19 form the choke

50 device or restriction of the regulating device.
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of the regulating device body S. Thus, the regulating device seat 17
and the regulating device needle 19 formthe choke 30 device or
restriction of the regulating device. T/ NO 2007 10 0 0 2 0 0 11

The regul ating device needle 19 is disposed:in a i i
PO Aoz (4PY'0E

needl e housing 19', which also has the effect of gui

regul ati ng device needle 19. The regul ati ng device needl @hglaqﬁs 00g
bi ased in a manner known per se i nt o~dbut ment on a porti of the
regul ati ng device needl e housing 19° by nmeans of a spring 20. An
energy source in the formof a heating elenment 21 is dis- posed on

the outsifle olotPe | A¢Kel Egg&;@flé e agkyabod i:flemelldtidge

heati ng enen prefera an electric’'to heating el enent, _but
a skil | edepécsonesile hmodmst 4Ad, twakch edépghae ot @(%%eéfﬁpﬁfi by

means of .ot her nean Ev L 41 d S onotsheu; sheclf keakdy in
the dr awiﬁasgléesﬁ??@e%tlﬁlgs%%%% ?ééa% so under st%%‘ thatbj t he heating
el enent Rdedlst 1heicdmasrettiedat vammeekeyy 56Urée, 16t 2BREWARE {7

exanple via wires, is_,not_sh u Lbays | hobe ddnder sgpod t hat
heatifg 818 ?n’f"so%tt‘f%% ﬁ%?ggggi%‘gb#éeﬂ%u % Be uti zdeég. Forpexarrpl e,
a heatingahoi brkaowwriper 22 will be well suited. Wien the actuator
element 3 is supplied with energy by neans of the heating el enent

21, the ener otential .of .the a8l S 3 oW b L Ner ease
and the tﬁlg%%gye‘?%urrxé% ng v?nkfel f%‘%g@f&i agglefge?ﬁﬁcti on of the
coef fi ci patedf cexpansiwarnsicl tfethemjarkel sorfast e?f die PEEHRWAFCh t he

actuator elenment_ 3 j.s .nmade. For th esent. . descriNed bub oot v
non- | i mteiﬁﬁe%’ﬁb%di%%theao D’?hgi?rﬁ%rgcnﬁloﬁgi %r?sé]fi: eggxganssgnrjb? t he

act uat or hehefMeyt e Pomehnt N e aaxkal Leti rpeotsioony L whi whiegfstteatsthle
LoDt e IS IRIAEE A v A DL Becprlustan
regul ati pg is not shown specifically in the drawings a skilled person
will also understand that the heating element 21 must be con-
nected to an energy source, not shown, for example via wires,

1s  not shown. Further, it will be understood that heating ele-

ments other than a cable could be utilized. For example, a

heating foil known per se will be well suited.

When the actuator element 3 is supplied with enexgy by means
of the heating element 21, the energy potential of the actua-
20 tor element 3 will increase and the actuator element 3 will
expand as a function of the coefficient of expansion of the
material or materials from which the actuator element 3 is
made. For the present described but non-limiting embodiment
of the invention it is the expansion of the actuator element
»s 3 in the axial direction, which affects the throughput of the
choke device 17, 18, as heating of the actuator element 3
will result in it being lengthened relative to the regulating

device hody 5.

when fluid, for example a liguid, at a temperature lower than
50 that of the heated actuator element 3, ig flowing through the
regulating device 1, the liquid will cool the actuator ele-

ment. There will then be a thermal loss by the liquid being



device body 5. When fluid, for exanple a liquid, at a tenperature

| ower than 30 that of the heated actuator elenent 3, is flow ng
through the reqgulating device 1, the liquid will cool the actuator
ele- nent. There will then be a thernmal |oss by th |Iq7id bei n

PCl | 202007i na0200 12 heated and | eaving the ri&§diNdtZ08g Mﬁc?eﬁ% at a
hi gher tem perature than it had upstreamof the fluid inlet 9 of the
regul ating device 1. If too nuch ligtdd is flow ng throfigh-14h&008
regul ation device 5 1, the actuator elenent 3 is cooled so that it
retracts, whereby the flow through the choke device 17, 19 of the

regu- lati evi 1.8 S ff rLe a . oFh en-
ng o tHECHbRE Gerreetey Ty oo e P oL R h e e
liquid. ghesae thert Her bt topsscaam pifetheatluidanspert 9i of 1099 educed
and the mvlgl‘g%n.t of_ t he act uat or element 3 relative to the

regul at i R USRI 553V E Wil | cease when the energy, which is
transported away with the fluid, substantially equals the_energy
suppl i edr £ ccddhenhdatliingidl éaeitoRihg Thusugh efer geababahee WV4e

achi eved, bet.ween .t he heat suppl.ed xS he ted away.
If tob I|+ttHe FAUE-% 6 e‘é‘?%?rp e %g’g’ﬂﬁh ?éhﬁa}c\}watﬁg&% ﬁ?%%’ t he d

regul at i fige ctami athel Mekathveugira-teheheker gyvigansni LPedft bhe tifeu-
actuator_el enent 3 from,the heat. el enept beratdy e of
the act ustor" w497 1% ,l§os¥lﬁ5t0%£g‘°&:ﬁon§§ e(\;/xl]ec'et]g% %g%EQ o?"gthe
regul at i ngy deviae: bhwidel depese nor e 1@andilbreesulkhdmebysthehfdughpuf] ow
and energy loss. wll ipcrease, and.the actuator ele il

agai n fi%d BEH SRt epEi ﬁg‘? e M @ﬁsfh%r LeJC(’r%leer élfalswg?g{%sg%% e
trangporteganayaid tdhet hevhhehe, of sbstashaaddt \elegeaks3t helanergy,

which is supplied to the 25 heating ele t 21. Again,.ener al ance
has beent%_cq%?eg\;éwulating device bo 5 wﬁf ceasge én ths en&ygyb:

which is transported away with the fluid, substantially
equals the energy supplied to the heating element 21. Thus,
energy balance will be achieved between the heat supplied and

15 the heat transported away.

If too little fluid, for example ligquid, is flowing through
the regulating device 1 relative to the energy transmitted to
the actuator element 3 from the heating element 21, the tem-
perature of the actuator will rise, s=o that the choke device

20 17, 19 of the regulating device 1 will cpen more and more.
Theréby’the fluid flow and energy loss will increase, and the
actuator element 3 will again find a balanéing point, at
which the energy, which is transported away with the fluid,
substantially equalse the energy, which is supplied to the

25 heating element 21. Again, energy balance has been achisved

between the heat supplied and heat transported away.

From the above it will be understood that the fluid flow
could be regulated by regulating the energy gupplied to the

heating element 21.

30 A person skilled in the art will understand that the regulat-

ing device 1 will not be influenced to any substantial degree

at aEinER CUEET



bet ween the heat supplied and heat transported away. Fromthe above
it will be understood that the fluid flow could be regul ated by
regul ating the energy supplied to the heatinggsl '

person skilled in the art wi |l understand that?ﬁi{mg%??@%%gﬁ
device 1 will not be influenced to any substanti al degregﬁ 4 1008
PCT/ 1020071000200 13 by the viscosiiy of the fluid or t g gressure
of the fluid wupstreamof the regulating device 1, as the choke
device 17, 19 of the regulating device 1 will adjust towards energy
bal - ance, at which the energy supplied fromthe he ti%g gi@{@nt 5 21
corresponds, to tepgo NES PF whi-chii B3 el nhet pa@sSHET? & y " "wth the
fluid ffoéj'vxf‘}ﬁ@ anroug t he regul ating, de\_/Li cgslind hendkRokievdewi L& or
restricti@hrddm 49 tife thegyr &Pt fRG e 'vice 1 is provi ded without
the use of a so-called g{g{g id%%-iceTbivSimaadﬁheteif@%ftdsanFﬁ‘é’Y

r egul at i49g°8ebPee™ o ing eas il ﬁlggfé %%ngﬁﬁ Bya:GoRf anenabi ng
particl es.cel fad paLthciies ienercRt éPPI%%l twween the regulat i ng deyice
needle 1.9 and the .regul.atlng.deyieeiaeats beingher 3SR S 8Ughput

wi |l sbe ZleCogEEaHO YR et eby the actuator el eqﬁg&iﬁ Wid<bidreat, up in
conse- queRcenef rthedefibrgyngs ipEPrrel Y 1Y el ating device 1. from
11 the heating elenent 21 being greater than the energy trans- ported
away fromthe reggi%aggggo)?eﬁlé'%ﬂet%hhﬂ held lofi ghecBpdtqden{fy, the
di st ance™BetREET R regufating device needl e 19.andsthe:fiequl ating
devi ce sgpie i17 W Igroividrdasethed HRe"Partitle retained will be

rel eased fromthe choggeggvg el regd@adfng Teericegdl BEF St I°CE “seat
17 is arFakgydtht & We“adfustable relative toltetkl’(ue frequbati naLslaw ce
needle 195, Stchn erpessii tonteyimitizd) BETHERM T not specifical Iy

El. 1 .

ing device seat 17, the fluid throu |
11 heat up 1in conse-

regulat

duced. Thereby the actuator element 3 wi

i i from
quence of the energy supplied to the requlating device 1 fr

i r trans-
;5 the heating element 21 being greater than the energy

i i ] iuid. Con-
ported away from the regulating device 1 with the flu

i i eedle
sequently, the distance between the regulating device 1t

] i and the
15 and the regulating device geat 17 will increase,

' ice 17,
particle retained will be released from the choke devi
20 19.
‘ ' justable
The regulating device seat 17 18 arranged to be adj

d ossibil-
relative to the regulating device needle 19. Such a p

i i d for
ity of adjustment (not specifically shown) is achieve

£ the actuator element 3.

3 to the lower portion © _
25  connectlion e eting

Alternatively, oT additionally, the extent ©

.

rusted. Such a possibility of adjusting t
3 the operative range of

he choke device 17,
19 provides a poggibllity of changing
50 the regulating device.

i 1uid flow
To be able to, among other things, calculate the f£lui

i lating de-
before energy balance hag been achieved, the reguia g

wid keRtA N OLICET



exanpl e by the regul ati ng device seat 17 having a threaded 2.,
connection to the | ower portion of the actuator elenment 3.
Alternatively, or additionally, the extent of the regulating device
needle 19 in the longitudinal direction could ' 8d a
possibility of adjusting the choke device 17, ?%qu g{}/%}es aaé%@
possibility of changing the operati \tﬁ range of the regqulfEd -y 7008
device. To be able to, anong other fhings, calculate the fluid flow
bef ore energy bal ance has been achi eved, the regulating de- PCT /NO
20171000200 14 vice is provided with first and seconfldr rre(asuri(g{gii3
devi ces (not, shown i 2d  kpowna petcose fronsweldrdatd “Ehe rgy
poten- {i*4F, 1§u%ﬁo%%d%(§eﬁgerat u?:e. Said first r_{eas&rlé n&eq%xg ¢8refBas-
uring theoener gy pokimd koWl peirs 58 SpoEd ST tHe i nlet par s tion 9
of the fluid. Sajd seco neasuyri Bg; depies, meeasutiagletive eRERFY
pot ent i &1at'2, S}lghd?gp\ges at the bottomof a blind  borg 23 (see
figure 3)-ifor amd bneagporticnticfl the peglisRaRg “deVice body a. The
blind bore 23 extends_fromt IsbShn 8NekapafitigodeViod, tomaavegiiPat i ng
devi ce Ho®y £0°4 poPt f‘% l#?eagrﬁt €10 1 egul atin dgvi:ge need] ¢1384 The
. . \ ‘ O O §
measur i ng,Jeviceas potestbah tar dsadigngerr g (FEnSHTt T he measuring
results ti and t2, in. a n WA, DLl $8s i drobfexhaptegt i tang
conput erbaist 28hdwRe @MPE%B&QO%O%% cul ate the flow rate; accqrding to
f or mul a(%) ; ds3bhoapdbor Thé] baboy doral gar pEEFHE T ThE Enet gy
potential, for exanple the t er at Of o diN&- ) oRgibh ubehcddied be
r egul at eppHahe l?ésitéleoffe?%f%]fnaga[d%bﬁcgbo?/e}?l Thus, .the regué at.jng
devi ce 1 g%ﬁlodrgldég deSitbenpe@sents i mhenned FEHLIST SAVAES= AT gulf ating
devi ¢& whi I's substanti al I%,érﬁ}e m%f S@EQ@@&&Jﬂ% wavaht et parirs
whil e, atre rermmaed B9e FrBBFAY SE1T "84 Usti ng and adj ust abl e, the
regulatiggmgkﬁng%ﬂyyh @%r se, for example to a computer not shown,
mula(s)

h could calculate the flow rate according to fox
potential,

whic
(31 and/or [4] above. Alternatively, the enexgy

e exiting fluid could be

15 for example the temperature, of th

regulated on the pasig of formula [1'] above.

ting device 1 according to the present irven-

Thus, the regula
v free

provides a requlating device which is substantiall
at the same time, being

tion
of mechanically movable parts while,

gelf-adjusting and adjustable, the regulating device not be-

20 | . )
possible impurities in the form ©

ing easilyfinfluenced-by
he Fluid conveyed through the regulating de-

articles in t
: 1 ies that

A further advantage of the regulating device
gauge.

vice.
| it could be used as a flow meter or quantity

AMENDED SHEET



ing easily influenced by possible inpurities in the form of

particles in the fluid conveyed through the regulating de- vice. A
further advantage of the regulating device 1 is that it could be
used as a flow neter or quantity gauge. AMENDED SHEET _

PCI / NO20071000200 15 C 1 ai ms 1. A regul at if§p/ 8&20&e/ 0 D) 0124 0
regulating a fluid flow, the regul ating device (1) conprising, .
actuator ele- nent (3) including a %tgrst restriction devi @% (’@5733&5%
and a regul ati ng device body (5) including a second restriction
device (19) and formng, together with said first restriction device
(17), the choke device (17, 19). of,tihg gegul ating device (1), the
regulating device (1) being provided with a flow area (4) ar- ranged
to convey fluid between a fluid inlet (9) and_a._fl ui W leabw( 13),
and the act.uat ar rerehemning 3eviece r(ééuf%irﬁeé’ugg\%f“%% %o%lyﬁ( 5) bei( ng

di sposed at Ieﬁgt in L elely iRk the é@@ﬂiaﬁhggaum@@b&;dﬁlg) and
actua- tor ele ﬁtr?%bl, resébectively, c har a.¢ t 38 cd (1Fne din
that the actuamentel@iemcl8)irang fegat ¥eRTAG-deVi ce jE)ody (5) are
connected in such a wa lt%@& t1e 126t Ha4@r (B ementdf{ B8y arfedone
regulmting de- ®fc& b6aY 15) are arranged to .nove fre |y, independ-
ently of each qthekritnicondegiencd 9f 289 MRS 4" Qgﬁghpanm on or

mat eri al contraction, the through-pu et hericheke devkeedqvize 19)
bei ng i ndirect Isflidnﬁﬁﬁﬁﬂcﬁ%lﬁ%/%ﬁgeﬁgggf/ sgﬁ7r ce (2%%1 V‘hég?@lzjﬁﬁng
arranged to supply iepebgythe atgdledsrdoneviie t Ha raktGal 67 6l enent
(3) and/or reqgulatin evi ce bhody . ) 2, ¢hher megul &t) ngr-devi ce
in accordance W& g?& peing ek wibn

10 ranged to convey flui
fluid outlet (13), and the actuator element (3) oxr

regulating device body (5) being disposed at least in
and actua-

d between a f£luid inlet (9} and a

a portion of the regulating device body (5) ‘
tor element (3), respectively, ¢ haractex1-
15 zed 1in that the actuator element (3) and regu-
‘lating device body (5) are connected in such a way
that the actuator element (3} and the regulating de-
vice body (5} are arranged to move freely independ-
‘ently of each other in consequence of a material ex-

pansion or material contraction, t+he through-put of

peing indirectly influenced

20
the choke device (17, 19)

by an energy source (21) which is arranged to supply

energy to at least one of the actuator element {(3)

and/or regulating device body (5}.

25 2 The regulating device in accordance with claim 1,

characterized i n that the energy source

(21) is arranged to be controlled.

3 The regulating device in accordance with claim 1,

characterized in that the operating

0 range of the choke device (17, 19) is adjustable.
3

RMENNFEDN SKEET



characterizedi nthat the energy source (21) is
arranged to be controlled. 3. The regul ating device in accordance
wth claiml1l, characterized in that the operating 30 range of the

choke device (17, 19) is adjustable. PCT / 20%@%/@%2@78{ ?@%é Eﬂ@g r

16 4. Aflow neter (1) for nmeasuring a flow rat

acteri zedinthat the flow neter is constituted - I8
regul ating device (1) in accordance “Sith claiml1, the flg&?’ﬁew%
being given by the for- nula: G = 1/(Cp.(t2-t1)), in which Gs is the
flowrate of the fluid [g/s]; | is the supplied power [N], wherein

lv-Q Cp ifhteh% E?g&nﬁétgﬁpgﬁi tan Oh b Berfddid eh diOrile ot b isgutibg

ener gy of measured at an inlet "portion of the regulating
device (1) ; and 2 isathé enerigy ofdt hé #| uFrBeheRurfdPaMeaAT ol | et

portion of the %%?é‘c'ﬁ:td%% %gvgcgeé&iati%eﬁggéé agjusiti RGackkeRe of

the flow neter caus-"1ng the energy difference t2-tl to be
constant at a webtstativsupplhedfpownerate Beimheafvowhyettée &e¥ordi ng
toclaim4, c h rac teri zedi nthat the flowneter (1) is
fur- %her provira%da'with a nmeasuring device for neasuring 20

t enper at ur e andcs eapif @ur e2 ebange iimwbdngequence of energy supplied

thereof . 6, A nithgt GF ragil SFhgs T d PRolng  hr bugh & regu-
| ating device (4)iacger diupgltiedcbaier 1[Wi¢ Wharein I#0;
Cp is the thermal capacity of the fluid [J/g °KIl;
10 | tl is the energy of the fluid measured at an inlet
portion of the regulating device (1}; and
£2 is the energy of the fluid measured at an outlet
portion of the regulating device (1),
the self-adjusting action of the flow meter (1) caus-
15 ing the energy difference t2-tl to be constant at a

constant supplied power I.

5. The flow meter according to claim 4, charac-
terized in that the flow meter (1) 1is fux-
ther provided with a measuring device for measuring

20 temperature and temperature change in conseqguence of
energy supplied to the £luid through the entire regu-

lating device (1) or parts thereof.

6. A method of regulating a fluid flowing through a regu-
lating device (1) according to claim 1, cha -

28 racterized in that the fluid flow through
the regulating device (1) is regulated by changing
the energy supply to the energy source (21) so that
the throughput of the choke device (17, 19) will
change until a new energy balance has been achieved,

30 go that that the energy supplied to the regulating

device from the energy source {(21) corresponds to the

BRADAINGTY CURET



2} racteri zedi nthat the fluid flow through the
regul ating device (1) is regulated by changing the energy supply to
the energy source (21) so that the throughput of the choke device

(17, 19) will change until a new energy baIance?m@smpggp‘@g@iggqp@

30 so that that the energy supplied to the regulating device from
the energy source (21) corresponds tg the PCT /9020071000280041 %108
energy renoved fromthe regulating d i ce (1) viathe fluid flow ng
through. 7. A method of regulating an. energy of a fluid which is
flow ng through a regulating device (1) according to claim1,

characterized i p.that. i D& &N 8L0¥LOf rddif il ubdadd-ond ngLt Raughet he
regul ating de- vice (1) I1s regulated by changing the energy supply

from the energyfsobdcilq¢@Bg ttdrehehr egul ati ng device so that the
t hroughput of the choke device (17, 19) 20 is changed until the fluid

flowi ng ouy of At he hegussl aldnhdey 68 Eddryaoobt &laed. whhen desired
energy. 8. Use of an energy Source (21) to regulage t he fIQm/oLﬁg
ans

fluid through afiegimatihrpugdypcEegt}abithVaget 64 AU By

of the method aggedipg tonclaim G +is.9; dgegof ian engigy tseuesne
(21) to regul ate t%e energy of a quid,lmhich is flow ng out of a

regul ating devi eegy(af thee dildiidg FLovenai tePoby theafrebreiRe A8t hod
ac- cording to %ké&n}Z) f¥”§¥339a§555ﬂ§ changing the energy supply
from the energy source (21) to the regulating device
go that the throughput of the choke device (17, 19)
10 is changed until the fluid flowing out of the regu-

lating device (1) has obtained the desired enexrgy.

8. Use of an energy source (21) to regulate the flow of a
fluid through a regulating device (1) according to

claim 1 by means of the method according to claim 6.

15 9. Use of an energy source {21) to regulate the energy of
a fluid, which is flowing out of a regulating device
(1) according to claim 1, by means of the method ac-

cording to claim 7.
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