PCTI NO20071800200 1 g _04- 2000 A REGULATI NG DEVI CE AND METHODS OF
USI NG SAME The present invention relates to a regul ating device for
use in the regulation of a fluid flow Mre particularly, it re-

| ates to a regul ating device which is operated 1

expansi on through a controlled change in the engigg%%2ﬁ@ﬁ¥?§592é?9
said material, for exanple thermal energy, and which is L@gEdit o
regul ate a substantially constant anount of a de- sired ui d

i ndependently of the pressure, viscosity and tem perature of the
fluid at the inlet portion of the regulating Zn device. The invention
also relates to nethods 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
termfl ow gauge should al so be understood as possibly being a
guantity gauge. is The object of the invention is to provide a

regul ating device which is substantially free of nmechanically
novabl e parts, while, at the sanme tinme, it is adjustable and not
easily in- fluenced by possible inpurities in the formof particles
in the fluid flow ng through the regulating device. A further 20
object is to provide a regul ating device, which could be wutilized as
a flow gauge or quantity gauge. In the petrole}ﬂggroduction i ndustry,
for exagpkg@ﬁ;bﬁm; IVIUE AWBr METHOEASFNFSh¥ed® the ability to
dose a fluid, such as a liquid chem cal, into another nmedium a

so-called chem 25 cal injecti het. gtgﬁjhgﬂaéwaﬁeefaressed
Wi sh. and@bReBae FURNPTRG B | |r@rgg'iS%qu&zooos(‘:I PC 0 09 ,04- 2

for the;abihityedo aiamatte aantuiénibios . c@ﬂﬁtf?oﬂ’alf‘ﬁé:

lates to a regulating device which is operated by materlal

expansion through a controlled change in the energy potential
and which 1s

£ a de-

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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injection systens. Today there are. systens commercially avail able,
and al so systens known fromthe patent literature, describing the
dosing of fluids into, for exanple, hydrocar s bon wells by the use

of different control valves, such as danper, ch@%j%&@@}?lkﬂ&r@jéﬁge

control valves, also of ther- mally sensitive and sel f - adfj@stlén
control valves. Exanples of such systens are disclosed in the
Canadi an patent applica- tion CA 2 483 399, Anerican patents US

6, 745,838, US 10 4,565,215, PCT applications WD 97/34116, WO

2004/ 016904 and WD 94/25188, European patent application EP 1 355
169 and ¢ Br i f,L Sy PAEEAt: ARRI-bRAt & OMnd K ehoRB6c6TEroHIWEY RT3t ur ns

out that all the control valves shown in th OV & Entsi d

publ i catindastiendesyETes TONRY chPafe ac%enﬁgrsgfeﬁ%%&éval Ilgg:j!g, as have
at |east gne.pf.the,grambacksterpt kenad fremibhe potdgus.iterAtEFR:
automation"and renote control of f?cl)r exanpl.e, g}@grgg o C3l gl -REEELT ON
there i seacmebdng orhardemingardr LIHRTE ML af *F r Fhg 4% egulate the

amount of f] ui i O i Sed Rireqt @derdit Goathbli dafvew. suchi ssnor mal
t hat Ssu% na@?%%?o% gﬂr?ee con 20 stituted by _one.or nore elo%c AN

hydr aul idemperpneboie i cnemile g gAFE CTE Qe VEORARCtET S & attcont rol
val ve. Thiﬁ repre:. sents, drawkacksytelat edobebh veltde, spaoceles

r equi r eFEdt Yah 0 "repair and maintenance, Wwhich wi Itl ecesi%gl_y

have to dfe suear eiyedenat aon dHechanrdalt i FaRPE ParR S BertFime. To

have 25 contrqgl .0 anunt..af hich iUy ected, stheres i s addition-
ally théfde Xf %rX§ f%%ﬁi gaugetcoa(f-Jl ggé%y-l cal led "fl ow nf%aé’ whi.ch

needs t a Bescanseched tpphiporonenief 9T/t idéndliPt 27 W/ WHOH FRé
injection fluid is conveyed, a_flowdmlgr gbs1 1s4 atdwvelny space
demandi Ffﬁ’ 9i4212g8880e§uﬁ%%§/a%§%%§§ g%%l mai n 30 t enance-denmandi ng

parts ang-irephepentataasphsiaerabls drave Bick HBBERET n the W iVest nent

phase and in_the eration phase. -_.A_S Nty ahePLOPSE Lot iehetihe
dosi ng s%tt&#@tuégg Frict fig? %OgINéSéE)"éﬁE%?‘;“guu ND2007/ 000200
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 guch actuators are com-
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 meter 1s

relatively space demanding, introduces many complex and main-

4 tenance-demanding parts and represents a congiderable dxaw-

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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-.04- 2008 injection of chem cals are sensitive to the viscosity of

the 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 t €T h82Q087 { 8 b G e

the supply systemof the chemicals with heat and/or in\?\ggaﬁﬁggwg

whi ch represents in turn econom c agd op- erational drawd&cks.

nunber of the known regul ati ng systens have turned out to he

sensitive to inpurities because of narrow fl ow areas, for 10 exanple

in the so-called "orifice". Therefore, to avoid inpu riéi es% tthgere IS

a need for. afd] " cB¥sLeNLs elal niengitiparic eyt SSuEh¥ T or

systens require servicing ipn the form.of I vehyetseatentso

repl acertentiasfls,i WhaFE. 1Fhi %nr%ﬁﬁr’éséﬁfﬁ'gu%né%da%ﬁ gul grl glr eat

di Sadvaai“g%ﬁg%ﬁqvg]%%cto@%tg‘cgg§§emg hechi thd Scammergf8rent FEL% 119 cul t
ed-

or lim e invention has for its objec enedy ke ated@ast
reduce aenid oromdriahd eaWbaERSI B (HHEXSr f“%¥ %I%étrgf‘r?he object is

achi eved through f.eat 15pgGifdiedhd mhthehee-cader WptFoRedel ow and in
5 a3y 0ee
ol Tow.

the tlaFfsPtha 0'In a first aspect, the SeRt hAvessd on is
const i t ghefobyimeuladguinat R CHeVFRE 05y %ﬁutf%]{}ll r?grogl fluid fleci)ﬁw, t he

regul ating . devjce comprising an actuator element including a first
re- strFE‘ng?PadievC?rcae, ang a regul ating device body including a

second restriction device and form ng, together. w th, salkdcgd €rst
restrichi ﬁﬂmldexzi@%,th%éiW@kéeaéwwg%ngtgggm?e%% ating device, the

regul atjng_devi ' ided whdduse bifonaarea flmw avged-t b tonvey
fluid bbﬁ\é% Sj&ag?Y%)?édp%rﬁL{%\iand a fluid ogt I e%magndcf% h& o328t uater
el engnt caempeguiat ting sreviaddeBodg*i by dir€posed ‘at |1 east in a

portion of ,the ul at j eV 8,29 HOeraRgsaet wetioringingmaKpurL-
respect ir\}gllﬁ,s'vx%ggﬁ‘? ni% % rg%c;éuat or el ement .and_regul,af ingdgyi ce
body ar e jeenneatrdfihtsucty = enAVERDED SHSEF 2179

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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[/ No 2907/ 000200 4 0 g -fl4- 2000 way that the actuator el enment
and the regul ating device body are arranged to nove freely

i ndependently of each other in consequence of a. material. expansion
or material contraction, the through-put of therrhpkeggeni@egbej pg
indirectly influ s enced by an energy source which is arran d{ﬁg
supply energy to at |east one of thg actuator elenent &far -1

regul ating de- vice body. By increased energy potential is nmeant, in
this docunent, in- creased electron mgration or energy inducing
material expan- 10 Sion. In a preferred enbodi nent the_ energ

suppl i ed, s (RLeVEdedabyuatit enemgytsend odd meahi ehithelenery ody

supplied 1's arranged to be controlled. T eLgYes Wi Ghels 1guppl i ed
to the actuatrosrngefehBmOYs dmthe éﬁg?%ﬁpégéﬁﬁgé? coul d t hereby be

vari ed, 5g5%%§ugggg the, restdsdichli erpdevi @esmmatheizhoke id@dtée€coul d
sel ec- tively change position relative. to.ea QEHS£QCMQFG§§MuLhe

f1 ow r atigheofthiriouchegut aff ngPIGRCEE 86V 1€ EYanged. 1 n “one

enbodi ment _ the regulatigg SlaviGe wins cpr ovi slethngiethtansupply energy
enerd?-i%sﬁﬁating means” preventingi to %he reatost. de £8 1120 de-
possiblax>eﬂeﬂgw6§uppﬁi@g e tAERRCEr £ ?m?%bﬁﬁgZ|ng ffans mtted to
t he environn§¥tg§urrounding the regul ating device. This is inportant

in orderV¥or Q$ regul ating device to be influenced, to the small est

degree possible, by the energy, faor exanple t.he Qf,-t he
surround@ymﬁnﬂﬂﬂﬂﬂﬁ@n@ﬁ??gz5P%ﬁﬁPﬁi%9tFéuwgg?g’ighgrggﬁgég%ﬁﬁﬁgecond
aspect of the {nMeNa LihORighk WK Wt thergegiddtaing devsreractdding
to the p e¥ent. invention Is used as a flow meter or guantity gauge
for peassiating the flowrate or quantity of a fluid. Such a flow
meter for neasuring the flowrate or quantity, is 30 characterized
by incl UE',%, ng rﬁﬁ}feﬂ)ﬂe@ LhSodevise @ecendiry swpplied fisr BEORSHRE OYof
the inventi erein the flow rate beingy lied is arranged to
an energy source in which the ener supplied 1

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

AR AFRIFIM M1 IS



ais-..nt ne.. 1PP4 PCT/ NO 2007/000209 5 09 OL- 2008 gi veh by the
formula: as = 1/(Cp*(t2-t1l)in which Gs is the flowrate of the fluid
[9/el; | is the supplied power rw, wherein ISO Cp is the thernal

capacity of the fluid [J/g KI; ti is the energys®f; l; i

measured at an inlet portion of the regulating gﬁ\éﬁ%?ﬁ?a)ﬂﬂlgﬁggﬁls
the energy of the fluid. neasured at _an outlet portion b§ (ke
regul ating device (1), in the self-aaj usting 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 varyi .a small degree that it has no practi cal
con- is %%Vqﬁjb%’%.t%%r%tgﬁ%g%%r pose. To be able to calculate the flow
rate even befwre afdcgy(igaltl)ancénhesi®een reached, the flow neter is

further, in one em bodiment, brovided wd heiaiedguE] ng device to
nmeasure a change n*the™ener gy potential, for exanple tenperature,

of a zo fluid in gonseghenaewfiesnecyyrsippl "EGTEO™t Fe®f | ui d t hr ough

the entire regul atj ng deyvice Q ar Lbher eof cnknrautidi [d/aspdct of
the invention thef® g? g Vi aeeré]a;& r?%?ﬁodgyof regul ati ng_a fl.ui.d

f1owi ng through atregul ahénencien of &be Ebedl MEEE ERe | Por 4 bect

of the invention, wherein the 25 fl|uyid.floythroygh;taedregul ating
device is regul at @@rﬁﬁonc(ﬁ%n%?engretgﬁlgagﬁ{el%gy sluppl y to the enerqil?r‘f
source so that thes tiar engheuwdraf dfhehehbkeldaEceEB8TRit #5 cHAMgE Tt i |

a new energy bal ance has lée n achi eved, s J that the energy
supplied to the mSFHER R @é@/i’%eequﬁrag%h h(ge%% g(yrpsource,corresponds

as to the,engroy. JepnMacy nesisheot g &lbngnelesd cd)vicauphed 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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fluid flow ng through. ENDFD SHEET PCTI NO20071 000200 6 0 9 _8 4-
2008 In a fourth aspect of the invention there is provided a nethod
of regulating an energy of a fluid which is flow n%% t hrough a

regul ati ng device according to the first aspectPldt/ ﬁt?@?iirﬁ?grﬁiﬁrﬁ
wherein the energy of the fluid flowng s through the rey 1?§ %% 2@
device is regul ated by changing the . energy supply from%#é€ gy
source to the regulating device so that the throughput of the choke
device is changed until the fluid flowi ng out of the regulating
devi ce has obtained the desired energy. iu A connection between

supplied energy,.{!Q %&% ¢ ARGt hevertier ghepot batpenviaed propert | es
of a fluid can sonmewhat sim plified, befcix Les gg%aﬁsffqlok”@g% | =
* Cp = @rteZhbtl) OEl]?egwatlw ﬁ?l—eFFrWI‘ﬁ &) }? in whic | s

the pomg_r Ieg %L‘Haé i )acThics héc@rdﬁﬂ@MﬁoQahﬁtf:ﬂySt BSTERE P
suppllehl ed; G is the flowr €.9 ?dfilﬂiﬁ /s)%ZOCp
is the tdher rmivenapam t‘yh@feltfhéhﬁl Gpﬁrﬂ/%ﬂ I's7i's nown, or at
Ieas% aeﬁ asu%ag&x {I&L{ry f&r‘m@efgg@ggﬂhtedsbyhehmrz@y the

pot ent |

terrp rature, of the
inl et pasidreny @hppmg f o dghearrdher gy SOLFRE é?r?ng‘ﬁ 58? %[% %%VEBQ

exanpl e tenper at of t Ui thjg@.%gﬁ@eaﬁbeﬁhamgehhszdcp@wed
t hr ough $hé &t E‘? F%roug}lléﬁ ﬁog% devi ce or parts there ob-ll-:h% fl,ow

rate Gs e massd |EQWW1'thO®I@¢'I ctﬂ’n@heeg‘a@aﬁﬁw’glﬁjé\ﬁvége BrIEITET i nt 0

kg/ h |5é}[\eer%%3;r% ven fromthe followi ng for- nula:

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) [1]
or:
15 £2= t1 + I/{Gs « Cp) [1t7]

in which:

T is the power supplied [W] (3/8) . 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 fiuid [j/gKl. This is =
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



DED SHEET T | 2007 10 0 0 2 0 0 0 9 0420Ca8 7 Gs= 3,6 1/Cp .
(t2-t:1) [kg/h] [2] To the fornmula [2] could be added a "calibration
factor" Kf which could be determ ned through trials or be deduced
mat he- matically, so that the formula [2] will HRETASRO07 68T [GsH KT
~ 3.6 * I/Cp .x (t2-tl) Ekg/h] [3] The calibration factﬁr %@@g‘be a
constant or a mathenatical expression. The regul ating el We %Id
al so be controlled actively and/or Mork as a flow neter or quantity
gauge based on the 7.0 follow ng connection. Q=v ,: (n. De) /4
[41 in which: (1 65 c¢c TD SL1 tT1-(Q SxT3+0, 5.T2)}

). x' x(1/Di)x'}i/3600000Sg+& (c*Ul % ¢SLI/Di}"" #47 (u. w 41b)
0,is Q Vol unet G f3-Gw*r e (*1?5%"*:@1)52(]/{:%/%? owrate (m's) Variable

sensor/ measurenent paraneters: Ti: Tenperature of, acg%at%tcgq:“e{{gnent

T2: Teng,%r %Elgrg ofufhuish ideuld bFeapirdiaur'€2bFOFrUr Y ipst ream of
choke device. 20 |: Power suppl.i

: R SobNpait dpiraretreEBe - SQ:
Speci fi ahieihghtudf bﬁed%%?ﬁ%ﬂe(ikgﬁf%&/gk} Ii{ %?E’cgsi ty_of. the medium at

15 C (Cpr{?ré'i bY 1 Vi SESifyt Ofnd Mextmbla utal @AY labe fPuFY BUTK

t enper at e % “c’ Thernmal capacity of the medium (kJ/Kg C) k:
Thermal conductivity of the medj um (MWJ4n KkB/hnput pafaneters:
AVENDRED SHEET  Gs= KEf « 3.6 « £ () i

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

expression.

The regulating device could also be controlled actively

i 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:

Xe
1, 86+C+RsDL+8Li1x (11~ [0, 5+T3+0, 5+T2)} ) *[J«m* (1/Di)m*l/360000089*l{
tasll/K) 2/3, (g1l /Di) 3 e Ts lw/ub) oM

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 |
c
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 vVigcosity of the medium at 15 °C {cPp) “
. Viscosity of the medium (CP} at wfFluid bulk temperature
ub:

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



PCTI NO20071000200 $ 0 a 04- 2008 Di: Internal dianeter of actuator
el ement flow bore (m SL1: Length of actuator el enment bore exposed to
flud (m KE K2, K3: test constants process calibration
paraneters: K: Calibration factor Ke: Cali braggygriif2867 dr &XpbAdnt

Kv: Viscosity profile factor Systemcalibration paraneters; Tg@
Nuneric value (time in seconds forAEow | ong the control @9167%} 8em
shoul d be in the neasuring node). ility to change tine needed to
optim ze during testing. Tr: Numeric value (time in seconds for how

| ong the control system should be in the regulating node) . Ability

to change tinme needed to_optinize, Mk Byehest iflgw Poren (AU ti on,
necessab¥: cHfge¥-i FV: tes

val'ues for PID functions  a Bl ey

Cal cul aLgd. prowess qarareners: e}erent/iPecEsF¥y ot ?Choggfr%éléu?n )( CP) at

t he surface tenl}{)erature Tlstth he actuator elenent. 20 pw= p +
(}1*kv E15-5%))Xpm S EGEPtY 6f the medium (CP) at mean tenperature
Tm = (0.5T3+0.5T2) ump + (ix*kv Input operation paraneters: 25 Q:
Set val ye keksdesi tlechtflowpeaeretd¥h) Regul ating function: The

control "sSystemis to r],feagég e and nmaintain a stable flow rate Q
conpar ed:t 63t RBT3EtVatTie Tor desired flow rate Q through

regul atizan ef1theapower£stippd ieé@OFQnTv he regul ati ng 30 device. There
may al s%vb:evﬁsggggt;o&rg D regylation of the -- ., -t ,nrn cutlT

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 1on? the control

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

time needed to optimize during tegting.

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:

«
] +

i latin
through regulation of the power gupplied to the regula g
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T!' NO 20071000200 9 J 9 -041, 200 power to bal ance deviations

regi stered between Q and Q. The control systemroust sequentially
switch between the neas- uring node and the regul ati ng node.

Measuri ng node: nmeasuring in Tm seconds the po gd? b ut
the use of a regulating function, the nmeasur edm%mwmeéglﬁe%t%@n
representing the power |, ref. "Variable sen- sor/neasur ed@ntl4- 2008
paraneters" above. i gives, via a set of mathematical formulas for v
and Q the relevant neasured flow rate or quantity Q which is
conpared, 1Qin turn, to the set value for flowrate or quantity Q.
Regul ati ng- node: _regul at i ng. i I, Se6ondsrdd@ecsupphi @dupbier to

bal ance Rfé(ﬁraltiooﬁ’éﬁgg‘é?s %\rgle%ﬂbo-tja;ltswee% the last registered Q and

input value Q.. Ti nust or may be used as the reference gontek-
par amet efpandntrelt bessyst masstspgeriith rsewg%c%lt %%% mode until Ti is

stable, to switch thep into. thg ieagdeeng node and find the new cur-
rent Q elt"él.ngrﬁé’dr?eﬁ‘g‘gr :glﬁ'a %r%%e ar%g%?egul ating node are run in a

conti nuous sequence Tm Tr (or until T1 is Ieg 1.0-0Bnptids Q =
Q. 20 Imeahatidopiniogies msadestRy héd T8 ﬁ‘aﬁ?ﬁl‘?ém'a%%‘uen Oexérrpl%iy embodi -
ment of a preferred i LotGhhg SuMbslah i 2é@ PRAFRESS FUEEENt
draw ﬁgs‘j’l?rﬁf)%ité}% u%i%%?egﬁgs%ows aglvi ew of a éiegqgggggglgeé@xge
accor di ngupel i ddectpresepresaueing die RRIER s Provided with an 25
external energy source in LM Qi@ heating el ement forned by a
heat i ng é@‘ﬁftée r%?“g_’l gtarr%g-gt%tped aloong a portion of the external

j acket surface of the regul ati ng devi ce; ANME T | ~/
1200710 QrGide) GidS %tggﬁ matlgematica fo:c*fm’z\gtzg LT R4 of OQ

relevant measured flow rate ox guan

tity Q, which is compared,

1o in turn, to the set value for flow rate OT gquantity Qi.

Regulating mode: regulating in Tr seconds the supplied power

ween the last registered

to balance deviations registered bet

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

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

) \  oure
to switch then into the measuring mode and find the new <

1] i e run in
rvent QO etc. The measuring mode and regulating node ar

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

tain Q = Qi.
imiti di-
0 In what follows igs described a non-limiting exemplary embo

i i i i in the
ment of a preferred embodiment which 18 visualized in

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



10 Figure 2 shows a view of the regul ating device shown in fig- ure
1, viewed froma first end portion of the regu- lating device; Figure
3 shows a cross-section of the regul ating devic Vi r

the line A-A of figure 2; and Figure 4 shows aﬁ@’r‘@%}sﬁ@ﬁg‘ %?P %E%{]he
regul ati ng device viewed through the line B-B of figure @ Jﬂ°gﬁ%
drawi ngs the reference nuneral 1 indi.,cates a regulat- ing ge\p ce,
whi ch includes an actuator el enent and a regu- jo lating device
body 5. At its first end portion 7, the regu lating device 1 is
provided with a fluid inlet 9, and at its second end portionfyvith a
fluid outlet 13. The fluid_.inbetcQe angddfilabidgodetate Eoaneipnt¥gui d
communi ¢af% Fo ﬁ?%%ﬁ annul us 4 whi chis dsfi nediogy O% Q%tjf?éiupf
the is actuator eterentvizdweddfrequt atisfy GB i 2" y 5, See figure
3. The actuator el enen JiSeRrovided, at the first end portion 7 of
the regul ating de!\L/?%:én ,Cgewiltﬁ’,a flange 31 which is con- nected, by

nmeans of screws 6 (see figure 1) or a fixed con t4.08 .t 0 a
flange Stiguree3f| ahges 3t FoE@-AGCRRORME f‘%ﬁug%‘%ﬂﬁeder &gul ating

devi ce body 5. Even qﬁﬂ, seLewsnd rane ofshbwmrerdy and figure 1,
it is to be undergfh%&é%@t at the screws, or a fixed connection,

are/is also necessary in the other figures. 2 | akjiRg device
seat 17 ¥iyfdexdd tbows s@c@?ﬂ?se‘ﬁﬁcﬁb??i‘g’yn t%flr(?%u?%}gegg%t Uator el enment

3. In the second er 9r {90kl 8 N1egelmtd ng deyuce heedle 19 is
al so placed in thggg‘ﬁg porti c?%ll of the regul ating device body S

Thus, the regulating device seat 17 and t regyl.atLng, devfaecneedl e
19 f or m thelehcka3oogdel e et oo EStr PB‘E‘?B%{% lt%]%gcrgegul ating device.

T/ No 2101‘99? d]eqriQ:eO, 2098 1dd1Qed ad4ctdfid: 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 1ts

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-

i tion
-s nection, to a flange 57, the flange 5' forming an end poxr

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. Thus, the regulating device

seat 17 and the regulating device needle 19 form the choke

50 device or restriction of the regulating device.

R e T Y e a W ath {2k i 3



The regul ating device needle 19 is disposed in a regulating device
needl e housing 19', which also has the effect of guid- ing the
regul ating device needle 19. The regulating device needle 19 is

bi ased in a manner known per se into abutnment on f
| | _ Py R2007 9 810 S

regul ati ng devi ce needl e housing 19 by neans o a spring

energy source in the formof a heatln? el enment 21 is dis- %g%ﬁ%;%@&
the outside of the jacket surface of “tthe actuator el enen he
heating el enent 21 is preferably an electric to heating el enent, but
a skilled person will understand that energy could be supplied by

means of 8&hgrgﬂgéﬁﬁgaﬁﬁﬁﬂx%hﬂggéz?'£9 1S RQLpshorN; S Reclelutat fygin

the drawngs a person al so undérstand that the heating
el ement 2éviustndedberrourdetedst o @R Enérlgy Basireee HdecEhshng G

exanmpl e via reségu tfﬁ? shown,, %géfgﬂi |&hgn£éggmggyﬁ%eagbggg t hat

heat i ng &fd- = Y han a capl e coul'd be utilized. For exanpl e,
a heatlngeﬁbellknnwwbxmwakenMﬁlmammﬁxmﬂﬂOW§uPFédseVM§ﬁ’ﬁﬁét§%¥Ea%%r

element 3 is su%g entl\;%th %? LY, Dy W O%Teeaietlk‘ﬁl@qﬁ}t hi3g gi,emant

21, the 8nBrHYy* e act ua- or element 3 w |l increase
and t he aehhator =|lsmentg 20mi Il expand as a function of the
coefficient of expansion of the material or materials fromwhich the

actuator elenent 3 is Fo e . pre seidhed byt 35 gis-
non- | i mi tFng ehBodTHEn " 0 tpﬁ E?%@en |o%%?%1?§ the expans?gn of the

act uat or pekegrest ﬂEaBmunmEheoﬁxth¢ Haledt isomfaahioh e eetsatee

throughpu of th ho e device, 17, .1 Epglgggygéor
el ement S WPt tes ltllgbgfl%mérft 92]1 henggél ﬂ/ea to the

reguhatlﬂgatﬂﬁgléEahﬂﬂy ERtheekilla&ipdrmonewahblwn@?ﬂananﬁdthéﬁ a

{1 ow ng PREBEENETALT FeqiPRIIAY DoVl CoeL ont RS FT dir i (1 ool (ke
act uat or 1el es neptshdherspailiicihen he thet ﬂeawmget ossskiy lefep ¥ e d
bei ng PC||Oozg?ggr§§gg¥gtand 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



12 0 9 ~Q¥ 2008 heated and leaving the regulating device 1 at a

hi gher tem perature than it had upstreamof the fluid inlet 9 of the
regulating device 1. If too much liquid is flowi ng through the

regul ation device 5 1, the actuator elenent 3 is coaol e(é] sp that it
retracts, whereby the flow through the choke M\fiﬁééﬁﬁ?/, ﬁlﬁgacﬁ‘ﬁtﬁhe
regu- lating device 1 is shut off nore and nore. The reduced open-
ing of the choke device 17, 19 will }®sult in |ess throf§hgie 068

|l iquid. Thereby the thernmal |oss or the heat transport is 10 reduced
and the novenent of the actuator elenent 3 relative to the

regul ating device, hody .5 will ce n er.gy 1 15 -
transpor]f%%tea ag?dwqt a%ﬁﬁg%*%i %@%ﬁst §n%1|é£f‘fe§q ggugl ]él jrlélheﬂr?zﬁr gy
suppl i edpdwaitihe: heati g ehdmeptt@hm Biushe Ehadgyinbakafcer viiid be
achi eved between t heat _supplied and is the heat transported away.
If too | FETHEFIH SV FS6r Yexample liquid, is flow ng through the
regul ating device 1 relative t=o the energy transmtted to_ the

act uat orr el ementuch fliomithés hgktwing ehepeal 2k veelpbiPl @Y EIO% e of

the actuator will rise, so that, the viies 2Q 1Zr48.0f the
regul at i hy devidE R £ 8‘6%%@%%5 éjng%rr%r%.? é}%ﬁer by the fluid flow
and energyet€1ss.chd |dlckneheasgh tdmd chbge detirs &7, eléneht tize widau-

again find a bal ancing poing, at__.which e er i ! -
transpor?%‘al’éﬂl\%?wcﬁqt H& F)tf‘ﬁ? P LBt gﬁgi%e}%y' g“éﬁa\ﬁgag Eéa?r?e&rngy,

whi ch i sisyppt ited tahdikdae d2bibeati ng sekébntedllt Agailrssenergighraltance
has been achjeved between the heat .s i ed . and. heat t.ed
away. From tHE-boteSeRy Fre n e Lsﬂggﬁdmf Hat® ¢ g%f F;ﬁ%xgé?ﬁggwl%coul d
be regul at@d:dy FRoWhat nbg=hbg: ey suppried dlerthe 3hesldmige

el ement 21. 3D A person skilled . in the aii wll u der§_ and that the
eFIE 3’2‘5% %

regul at - £9 righelfATE-2E1RE Fetibte RN Pl B uBst aht i’

degree ni@ tld dfar@iboCled 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



PCT/ 1020071000200 fl19 Of 2006 13 by the viscosity of the fluid or
the pressure of the fluid wupstreamof the regulating device 1, as
the choke device 17, 19 of the regul ating devj k

towards energy bal - ance, at which the energy gﬁgg@ﬁgﬁygronﬁqﬁaﬁ
heating el enent 5 21 corresponds to the energy which isdgg
transported away wth the fluid flpwing through the re atlng
device 1. The choke device or restriction 17, 19 of the regulating
de- vice 1 is provided without the use of a so-called orifice. This
has the effect of the regulating device 1 not being e%g'x 1%13

i nfluenced Eg coqg%g! Qﬁngheaflmﬁieﬁ:thb preafticof -8 retal ned
bet ween®¥hk e i{é)adewce needle . gg the -Heguldating Hevi ce

seat 17, %beeémumﬂ tﬁﬁ(ﬂﬁ@ﬁé@?lﬁﬂl eYﬁ? uced. Theregﬁﬁthe %%_ ct uat or
element 3 will heat MRS L e QU eﬁjuh‘é ePE gl to the
regulatilr?goﬁe*w}]f“éerﬁgufﬂqlgc -

rom™11 t he heat “dateine 1gneat er
t han t he,erergy whaastﬂpoﬁﬂéﬂgamﬁypgiﬁﬁfgﬁgﬁggg%Iatlng device 1 with

the fluid. Con- ent |y, dist wnnen Het heéngt HESTEYH &Flﬁg “Hevi ce
needlse 2@9C§HHEFHBg$%gdfé?raggﬁég?ce seat |71Mkkh i Acrease,, and the
. 11
part'C|QYﬁﬁ%%hﬁedlmﬁalflmwxngeﬁkﬁ@éghriﬁﬁtﬁ? okedevice 17, 20 19,
The regul ating device seat 17 is arranged to be adjustabl e rgggtlve
to the regulatlng devig ?Qgghgn%@loﬁuvh afp@éStbﬁlre$?§@§ﬁn
adjustnéﬁﬁ €SC|F|ca shown) is-ach V%nggﬁleQX@&ﬁﬁﬁﬁeby t he
regulailggb@ewugegﬁeatdéd waW¢m§:§' hP@%d% connection, to the

| ower portlon of Eﬁk 2% uat oF @&@qﬁ@&lgtlngMdewwﬁﬂMéP9 begjing ea
addltlon§m4% hathd-BxFent "of the reg ulatlng é% Ge negdleide iy the

| ongi t udi | ; 1 T eGtdedn bgoubdt dei zr-i HPuBPEUT “Slich "a pOSSIbI|Ity of

adjusflng he choke devi 1 19 RIO¥bdese angrotis Bﬁlﬁﬂ? e changi ng
t he oper aeF¥&Ariyd 61" %Ee gg?egulgflng devl ey put will be re-
regulating device sgeat 17, the 1d throughp

conge-
duced. Thereby the actuator element 3 will heat up in

from
quence of the energy supplied to the regulating device 1 fT

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

luid. Con-
ported away from the regulating device 1 with the flu

1
the distance between the regulating device needle

gequently
: ! at 17 will increase, and the

19 and the regulating device se

' ice 17,
particle retained will be released from the choke devi

20 i9.

‘ ' justable
The regulating device geat 17 is arranged to be adju

ing device needle 19.
) is achieved for

hreaded

guch a possibil-
relative to the regulat

ity of adjustment (not specifically shown

gulating device seat 17 having a t

re
example by the element 3.

the lower portion of the actuator
the extent of the regulating

ion could be ad-

.s connection to
Alternatively, ©Y additionally,

edle 19 in the longitudinal direct

i e
e he choke device 17,

d. Such a 90551b111ty of adjusting t

- the operative range of

9 provides a poggibllity of changing
50 the regulating device.

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

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

wid keRtA N OLICET



To be able to, anong other things, calculate the fluid flow before
ener gy bal ance has been achieved, the regulating de- ..a anx,wrn
eU=T PCT /NO 20171000200 14 0 9 Uf 2008 vice is provided with first
and second neasuring devices (not shown) of a gk BN g me for
measuring the energy poten- tial, such as terrpgp%{]gﬁrg. Sai d izﬁ;gg
measuring device, neas- uring the ener gy potential tl, i¢%i-8poHEs at
the inlet par s tion 9 of the fluid” "Said second nmeasuring devi ce,
measuring the energy potential t2, is disposed at the bottomof a
blind bore 23 (see figure 3) fornmed in a portion of the regul atjng
devi ce bady a. ngwp%g@qjit@lr ¢ 123 exhengdadhtonenbering stevdr@s pBrtion
7 of théfllggg?ﬁa?l ng device body to a_portion ngartﬂgeerg&dye@gkgﬁi ng
devi ce needhe 48.aThienddwsm MGrdEFi E¥s G Enown  are arranged to
transmt the neasurin tSeti cand £2:sd meaaumbnmetemun"FéF ~ se,
f or exaﬁﬁaé'tﬁugﬁc%ﬁp%?& é%l%t shown, whjch cogll dtcg}lﬁuirﬁteec the fl ow
rate acG@ngignghtochorgyl mfintifd] tandiord{#°*ghole. ~Al ternat i vel y,
the energy potential, _zs.for MRLenk heedfiiermatiaréce ofmadfalrerBt i ng
i 6 coman Beotr it ST o Ths basis of for myila L1 1, ahoue s Thus.
the regulial ingrg¢vibeecit helorali g tdéSP‘h%e%raé‘s PRYER™ ¢ on provi des
a regul ating device which is sybstantiallyofuies oaf t e chegnilodd ing
movabl e fsaie @3WHEFEE, \ég?uf%eﬁsane time, be}%(%g ao sel %had'% ust rgglépnd
adj ust ablg,; Lheoggsl. arhagbtiovd demoR3bexteily ¢dst v Fnttlenced by
possible inpurities in the formo i5d&s i d herthoh dheonvdped

t hr ough péreticsy | &fi ﬁ&ed’é?g‘éf%%%ngtAdfe%% er Cg%lvant age of the .
regul atipg. desiice, hekscbhatedi¢ Ttoulhebreageding & 1 F6H ek 7O
quantity uge. AMENDED SHEET, Pc‘é}{eN%%%QﬁQzQ&)zp&»ulk@ 09 Q442000 ixC | a

i ms are arranged to transmit

hown
a mannetr known per ge, for example to a computer not s .

h could calculate the flow rate according to fox
potential,

mula {8}
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-
v free

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

tion
of mechanically movable parts while,

50 self-adjusting and adjustable, the regulating device not be-

’ 3 o £ 1] & f
ing easily‘influenced-by possible impurities 1n the form o©

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



1. Aregulating device (1) for regulating a fluid flow, the
regul ating device (1) conprising an actuator ele- nment (3) including
a first restriction device (17), and a regulating device body (5)

including a second restriction device (19) and form ng{ﬁ t oget her
with said first restriction device (17), the cppike#dia 7clé0%(ﬂi,ﬂ ft9)

of the regulating device (1), the regulating device (1) ing, ...
provided with a flow area (4) ar- rggged to convey fluid %@iﬂgﬁﬂggé
fluid inlet (9) and a fluid outlet (13), and the actuator el enent
(3) or regulating device body (5) being disposed at least in a
portion of the regulating device body £5 and actua- tor elenment (3),
respectively, char acter i rszedi nthat the actuator

el ement (3) and regu- |ating device bod 5).;al onnecled figwsuch a
way that 1i.he actagﬂbat:‘eiger'ﬁ@ﬂlC@B)(1én€°’¥h‘£eeglz’%at%?%§i%g de- vice body

(5) are arranged to nove. f 1 @de?n&jmgﬁﬂ@iylgOﬁﬂe@.@WWEIej‘?ﬁ
consequence of t enﬁ?%?lag%lrg%za\glgansi on or i

_ terial t7yon, the
t hr ough- put of mehibe (8hokecdelinge a( i?FSH%e%lﬁglP%dﬁgg%§ ;a/@ll rift:ii)uenced
by an energy source (21 j 5,16 BR@E(H)0 iswpphyng enetgipP at
| easts one of t 898t %3?%]?%{\@[@9&??1( 3) and/ or, reglFJI ating.deuice body
(5). 25 2. The segutatiog device (19)acedrtRite th¥%ram1, ¢ h ar

acteri zedi_nthat the JYi-50UL CE 7)(,2hei shake atrgadet 0 be
controlled. 3. SPH& fﬁéﬁﬁPaY?%%&d‘g{vl%leﬁieﬁ accor da&ge ith CI@%AQ g
- “dev

characterized i+ hab)tbe operatdurigtizo favte ofrh&E"Enbke i Ce

(17, 19) is adjustable, ur Mar n H ST,PAT 4 2007 a¥kb (400 2 a 0
16 a9 -uk- 20a 9eVigef |(dwy ﬁ"é’f}éﬁ’ Rﬁcjgjl‘dgﬁ neasur i ng a fl (_)Lwtr%)e s &
fluid, ranged to convey fluid between & fluid inle

fluid outlet (13), and the actuator element (3) oxr

regulating device body (5) being digposed at least in

a portion of the regulating device body (5) and actua-

. i -
tor element (3}, respectively, ¢ harachterx

zed 1in that the actuator element (3) and regu-
35 _

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
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characteri zedi nthat the flowneter is constituted by
a regulating device (1) in accordance wth claim1, the flowrate
being given by the for- mula: G = 1/(Cp.(t2-t1)), in which Gs is the

flowrate of the fluid [g/s]; | is the supplied?%y%?éé\ﬁ{)ﬁxqqﬁirg?&ﬁhe

Iv-Q Cp is the thermal capacity of the fluid |

energy of the fluid nmeasured at an ipnlet portion of the t2)
device (1) ; and t2 is the energy of*t he fluid neasured a'éﬁgg;@%u%gpgt
portion of the regulating device (1), the self-adjusting action of
the flow neter (1) caus- ing the energy difference t2-tl to be

constant af a COASLAPL.SUPPIY ad.POWEELiS aTheol! oucaesera aucendi ng
toclaim4, c arac teri zedi nthat the flowneter (1) is
fur- ther providédawrth @tmeasurizng deviice fhahedRtrfiiny me6er 1s

tenperature and_t enper at cha i n s ceof: £ne sHEPp! i ed
to the fluid th?%rﬁggr?ﬁt éaLé{a%tYi rgeggglgl%&ﬁ%%??%gyﬁgvﬁ)e H%& E):rghiarts
thereof. 6. A nettiod:lofinr dguithei hgowa f4ag begn@v@ﬁ@ﬁ o R gOFegu-

| ati ng devi ce (%gla_ccording toclaiml, cha 2} racteri zed
i n that the fI0'¢ Tl ow through the regulating device (1) is

regul at ed by chamg: my (rhétenetgy, supphycko the energy source (21) so

that the throughput of the choke device w Il change until
a new energy bafanté 5 ggnrggﬁi%\g;et&e 3?8&;% ﬁ%st] ‘that the energy

supplied to therreguliat isigpldedi pewér ofWit heheneigyI-Aour ce (21)
gggrsesponds to (t:';_?eis Ztkh(?et @%g%%a?u%rag% /o%oggé)?éﬂ?iodz%/glzK?? _CL-
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-
is 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
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energy renoved fromthe regulating device (1) via the fluid flow ng
through. 7. A nethod of regulating an. energy of a fluid which is
flowi ng through a regul ating device (1) according to claim1,

characterized i n that the en- ergy of the fluidpft ol pep7the gugh ¢ he
regul ating de- vice (1) is regulated by changing the energy supplg
fromthe energy source (21) to the rﬁgulating device so tHAE helilt
t hr oughput of the choke device (17, ) 20 is changed until the fluid
flowi ng out of the regu- lating device (1) has obtained. the desired
energy. 8. Use of an energy source (21) to regulate the flow of a

fluid through aeﬁggg%,%me%e\ﬂreﬁ 3 %mra@img tovigd aim vikytmeans

of the nmethod according to claimG is Use of an energy source
(21) to regul at lthé €herigy ¢hrogghluid, which is flowing out of a
regul ating device (1) according to claiml1, by neans of the nethod

ac- Cordi”9.tc’é”ﬁ@t@bé-oéNE@EﬁiaéﬂﬂéEEn energy of a fluid which is
flowing through a regulating device (1) according to
5 claim 1, characterized in that the en-
ergy of the fluid flowing through the regulating de-
vice (1) is regulated by 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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