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WO 2007/ 148978 PCT/ NOC2007/ 000200 1 A REGULATI NG

DEVI CE AND METHODS OF USI NG SAME The present invention
WO edoatie®78 0 a regul ati ng device for use in theCT/NO2007/000200

regulation of a fluid flow. jMre particularly, it re-

|ates to a regul ating device which is operated by

material 5 expansion through a controlled change in

the energy potential of said naterial, for exanple

thermal energy, and which is arranged to regulate a

substantially constant anmount of a de- sired fluid

i ndependently of the pressure, viscosity and tem

perature of the fluid at the inlet portion of the

regul ati ng 10 device. The invention also relates to

nmet 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 termfl ow gauge should

al so be understood as possibly being a quantity gauge.

is The object of the invention is to provide a

requl ating device _which i ubst anti al ree of
» FEGHLATEIF) DSOSl S reood U | EOIG st 20t e,

it 1s adjustable and not easily in- fluenced by
ThOOSEEHELE | Pt 1 @S T4 bes fos i ofepardt GdPsddwicd hor use
~ fluid flowi ng through the_regul ati ng device. A further
inpphepregelatlen ¢f oviflbuid r’égwatlfkh@e RAF Ui bp 1t re-

ld_ b iq] : 0e- O égggg't JRUAIE- ;

1aF%§'tﬁ% %e]tr%%]llie%%zn p %%%%%%n usft?slryc,gp or ec%(aﬁr?pl e, tal
expaes ton sthaougv ex -¢owreakl ed clemioé oin tte adnéndy patential

dose.a’'fluid,.such as a liquid chem cal, into,another.
of eg Attt bal Ton Srefeloohertah By, i (G is
art88GE€3 3t 6 PEGEXPE €SS eshid Sdn @Kl NEesb ¥R R0 AHdABX/ Hf a de-

PCT/ NO2007/ 000200 2 for the ability to automate and

siyedof utdninderendrnichenrEathe | PFRIIUE SYAsIeaR. tTGRg tem-
el 5 311 FOITeLg b Aol el ok daracing
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 this document the term flow gauge

should also be understood as possibly being a quantity gauge.

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 easily in-
fluenced by possible impurities in the form of particles in
the fluid flowing through the regulating device. A further
objectiis to provide a regulating device, which could be

utilized as a flow gauge or quantity gauge.

In the petroleum production industry, for example, there is
an ever-increasing need for the ability to dose a fluid, such
as a liquid chemical, into another medium, a so-called chemi-

cal injection. Further, there are an expressed wish and need
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descri bing the dosing of fluids into, for exanple,
hydrocar 5 bon wells by the use of different contro
wo adovasg97Tsuch as danper, choke, needl e and gaP€r/NO2007/000200
control valves, also of ther; nally sensitive and
sel f-adjusting 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
foft BRS, 2801 i PETrappht S t ONn YR b B84 1dbnt M . the chemical
2004/ 016904 and WD 94/25188, European patent
injeptieat $¥HLERS 1 %@@ana@w a@usy%welmt@wmermally

ti U t t
avEPPALEEr (B th S0 S0s 0 IR Chron Lol PR et S tacure,
depuibl bimdg i oins , deding ysf m1M| ohtay efmormsempbé,l yhydrocar-

avaiigble 5 have a t one of the drawbacks

bopgiie FnaES f ST tHP AR O T At Ch 28
daﬁ @Ptecﬁ@ﬁérQﬁeé@leféde@%ﬂH”ébn&%B¥HVaI¥%s'THI%3|6H1ther-
ere is a need for an actuator, which is ar- ranged
malby r egiu$ bt Bve handneehk - adjysting eenterel valjest dixamples

|nt f f ral
or B9 CpH LA 00 gl o100 I AL AR Spen o
tiof QAERNBSB C3ND; Amssiadn obathed o w&om,rmfﬁﬁap us

control valve. Thjs repre- sents drawbacks éolﬁte 04 and

4, %W%% t Rl sPRREL CRIGLATS Mt d AtE Y P b

wo MBU 3 NEAC ey VB &4 Vba ¢ e ECESSPT dd i JYavigp t0 %5 169 and
carried out on nechanlcally novabl e parts over tine.

BrMMV@aQ@tmmbicmn ttﬁé 2imto s - fHawavem) dct ddirns
re |s ition- y 1 eed for. o
out e S Pht o B *A e Tl D i iy omea
pulal;tl@diti@zﬁls pfaﬁcm%yz@mim,t wHi chwha e ctdmnemﬁc]tlpra\fa{nmable,
is conveyed. Such_a flow neter. is relativel

RaYRIARGI S5 | T (oI CERe (FRPRAI SETHAPTRE Bgiat follows.

t enance- demandi ng parts and represents a consi derabl e

Tn 0F 10V 2 DRGKa DOSH 43 thend bW esdient1 RhaseE N totdind e, chemi-

operatlon phase. A substantial proportion of the

calobriec 5 en epitexe et i nerd VPRGOY/AA8oy®r, which is ar-
rangé:\g Qgégp%)‘%%o%ﬁlégcéégc%%é oc%ofltiﬁfeuu{',e'u}%?é}? & e_l.nj ected

into a fluid flow. It is normal that such actuators are con-
stituted by one or more electric, hydraulic or pneumatic mo-
tors which is/are connected to a control valve. This repre-
sents drawbacks related both to the space requirement and to
repair and maintenance, which will necessarily have to be
carried out on mechanically movable parts over time. To have
control over the amount of fluid iﬁjected, there is addition-
ally the need for a flow gauge or a so-called "flow meter"
which needs to be connected to a portion of the conduit in
which the injection fluid is conveyed. Such a flow meter is
relatively space demanding, introduces many complex and main-
tenance-demanding parts and represents a considerable draw-

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

A substantial proportion of the dosing systems used in the
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chem cals, which is, in turn, influenced by
tenperature, so that the viscosity increases when the

wo eopaegarsire falls. To avoid too high a vi ScoBCT/X02007/000200
there may therefore be the nged 5 to provide the
supply system of the chem cals wth heat and/or
i nsul ation, which represents in turn econom c and op-
erational drawbacks. A nunber of the known regul ating

in$YSt EOB HAVEhSIH ATk Qe tende: SRNSI it tWiddguty B the
ecause of narrow f|low areas, for 10 exanple in the
chemieal$ edliph fige"in THerRf off Luenerdiky i ¥Peratwse., so
ere.i.s: f ' i, ' s
enfelfe GiAREL Blo R LI SV UL SRS Tt o
avédd mod high & iwedgod igguetiiereplacartente drd ibd erlse need

This represents particul arl reat di sadvant.age
0 BEPEL -t CORRP 1% TIRET 101 SCRDICRSRET T & Wit et ¢
an@/ot | dethc e, IYEM i b haserdd i ookl edoddniendly op-
or at |east reduce one or nore drawbacks of the prior

ergfionghedojleatks s achi eved through features specified
in the de- scription below and in the clains that

. r ' i '
A o o By B Ly B B0t 0 O g A The e €0
be fsensh 1wy, td henpegitt B¢s nopcdmiseyiae reomow silay aireas, for
act uat or el enent ich js provided with a flow area, .

exdiinihgal ToF COMALITa PP R SHTAREPTS o AL, imou-
rifie d oot and Wdehednd udhesc & fdyreten 8540d 1611 impuri-

_device, 25 and a regul ating device body which is
tig$ actelh nf bkt eeamys temparedwir ofseme Fingy iy ddhaanfprm of

. : ) . . ot ian .
el P SR POV AR cencs o
parieli ek r IWegrest rdicdadrantide ovhedtwkshaleadass oftd hehe £11-
regul ati ng device, the actuator_elenent and the
te’?e%(ﬁ%?lf‘n’gs %’O%é’e‘?ﬁ]c% YVody iy connected in such a
way that the actuator body and the regul ati ng device

Th& Oy &H €1 G N erb 0f 1B VEb st R ROBEMIAB P8 at least reduce
PCT/ NC2007/ 000200 4

one or more drawbacks of the prior art.
The object is achieved through features specified in the de-

scription below and in the claims that follow.

In one aspect the present invention is constituted by a regu-
lating device for regulating a fluid flow, the regulating de-
vice comprising an actuator element which is provided with a
flow area arranged to convey fluid between a fluid inlet and
a fluid outlet and which includes a first restriction device,
and a regulating device body which is placed in at least a
portion of the flow area and which is provided with a second
restriction device forming, together with said first restric-
tion device, the restriction unit or choke device of the
regulating device, the actuator element and the regulating
device body being connected in such a way that the actuator

body and the regulating device body are arranged to move in-
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dependently of each other in consequence of a materia
expan- sion or material contraction which is due to a
wa@bangesor t he energy potential of the materi BAT/NOR@7/000200
t hroughput of the choke deviae being indirectly
i nfluenced by at |east an energy 5 source supplying,
for exanple but not limted to, thermal en- ergy to at
| east one of the actuator elenent or regulating
degeviden tiodyp.£ @ﬁdhﬂatémedrem@emq iodl ai mapeariel expan-
dn this _docu i_ncreased.el ct.ron ratro
S3er gy TATRIG TIg SRR TP AP SERERS G  Shatlge in the
er@r@fye'b'&@rﬁmdldfertﬂqet e tRIFE gy, %&lﬁmmﬁ@dg&p}ww‘dfd&(ﬂle choke
by an energy source in which the energy supplied is

deyiicgn dred nido 11igE resrilvo lindd uenisede idr @, LWFiSch afs energy

| t nt, f-r r -
<ot LEAPLG, e, 20 tbhent) B k! SRR 008 Oternal en
ergys ttoi etrd@adﬁvmm@sodfUmEEach@baodeed@ﬁeumubd geb@dausng

ti,vel ange position relative t ch.ot.her mher

GSHES obll 1 e IO RS b GG Cder A Lo epE. TP this
dohaReed. iFefdahed Rneiigh-puinigfrathen gulalkrag d&ﬂh@&ng ma-

to be |ndepend ent of the tenperature of the influent
tefrigild expleasiovenent of the actuator body is

preferably substantially equal to the 20 novenent of

r@teldn%m%%\él nkllocbﬁe\’\’%%%rlg?e sfrllp hd elgn 1th %rofvlla\é(d by

are anges froma first tenperature o a second tem
anpem@t@wesoﬁhemeﬁ@rwhlmm.tme @asegm Buwmlahdths arranged to

act uat or. _el e- gfnt and the U|at|n§p eV|c

be, conixoldetra sy SBGTHY - |W' ertt, 8

el FUEE A He QRcFRLLISourd, ab%uﬂ@Vt%@rbb@ %é”&arled so
coefficient of material expansion. In the <cases in

thalti thet ressetigition deviess @rfd thire choke devagedeprde selec-
tfyeﬁgﬁ%%a%%g %%gi %%Eb@eféqi e%%cbno%%ggntwhé gy the

uce % rom materials o
f1diwf frestento fc adfef |reg®rlaru131gofdem1tcer icali1lex penshangedr. t he
rel evant tenperature 30 range for t he throughput of
the re Iatl g deV| 0 be pendent of

e .
ForolbE oAELatI o HegL6Paf 6r Paq independ-
en%ﬂ?@d%%@nkeh@%r%Q%H%abﬁn&h@ﬁ%hﬁ&ubﬁtpEQﬁhaﬁdthe movement of

the actuator body is preferably substantially equal to the

gtuator

movement of the regulating device body when the fluid in the

- flow area changes from a first temperature to a second tem-

perature. Therefore, in the cases in which the actuator ele-
ment and the regulating device element are approximately
equal in extent, said two elements are produced from materi-
als having the same coefficient of material expansion. In the
cases in which the actuator element and the regulating device
element are substantially different in extent, said two ele-
ments must be produced from materials of different coeffi-
cients of material expansion for the relevant temperature
range for the throughput of the regulating device to be inde-

pendent of the temperature of the influent fluid.

In a preferred embodiment the regulating device is provided
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WD 2007/ 148978 PCT/ NO2007/ 000200 5 insul ati ng neans
preventing, to the greatest degree possible, energy

weopphissds to the material from being transm ttRAI/NO260M©00200
envi ronment surrounding the gegul ating device. This is
impor- tant in order for the regulating device to be
i nfluenced, to 5 the small est degree possible, by the
energy, for exanple the tenperature, of the

inSUL4OURG I MEa8YVHF SVERDLing ANEL Pl | gréafdyr daPpEd aPdssible,
in a second aspect of the invention, in which the

enesgyil aEPpyiedevd cehacrarar hyl t Brem eb@mg erfansEntednto the

en{ﬁ%ﬁéﬁ?%ﬁ%?‘ﬁ%%ow tt%e 1% Egéjf%%an%l ty o aoﬁllls s mPor-

taﬁbchnaofdQM/ﬁ@tethéoregmhaurmgmﬂe¢mréItmwbeufnfﬁuenced to

guant Lo character. by i.ncludin egul atl
engodna Ll e Seaf s RS IRlEn ol ettt s cHo coxambie the
teRbOVA et W & @qélg\i\f%&@dﬁg@ MY Thonhén @ ran@esht©icularly
convey fluid between a flu inlet and a fluid 15
importatt ahe ahserondchspeat 0f i te Feeentien onimevhiey the
n e n Y, I
redifafing FALY Ao Nk (S0 il P00 VeSS acnb! AffenElod S8 lusea
asWat flow sesoen] sesduactity omawhpyi fmrfmasmng:,ng oget hetow rate
wth said first_restriction de- vice, the restriction
O @b EX Hoke? detit@: of the regul ating 20 device, the
actuator elenment and regul ati ng devi ce body being

Su€RMeEl &F ek SHckoR Meyshhabg thee aetsiat it &l @meflamiity, is
regu- IatlngydeV|ce body are arranged to nove freely.

mcba@wq)tmelfewﬂwenq RN S rPRRA g an

ac%%% rac I on &%?hvgﬁ% roughﬁ};{ We chP‘Le e%%:génd which
is berranged | te ncedvdyy ﬁlmmtsmrgya relhweidup:let isadd tap £luid
| eas ne of, t ct uat el enent and/ or ul at -
ouflet G B Ryt ST Ghy (P TE PTG i 1T YR hvernd 2
reditat I €YU &Y Gehidh i s eI @Aa bt angst Tin RE portion
able to cal cul ate e flow rate even before ener

g
of phe %bovar@éem@n%e@hml@a%@rmméedlwm eFeqa 3/ restric-
tlé&ré£$ECe'fbf%%h&ﬁwtogether with said first restriction de-

vice, the restriction unit or choke device of the regulating

device, the actuator element and regulating device body being
connected in such a way that the actuator element and regu-
lating device body are arranged to move freely independently
of each other in the regulating device in consequence of a
material expansion or material contraction, the throughput of
the choke device being influenced by a known energy rate sup-
plied to at least one of the actuator element and/or regulat-
ing device body, whereby the flow rate is given when the

regulating device is in energy balance.

To be able to calculate the flow rate even before energy bal-
ance has 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
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bodi ment, provided wth a neasuring device to neasure
a change in the energy potential, for exanple

wo eovpassarsire, of a WO 2007/ 148978 PCT/ NO2007/ 0BOR802006/000200
fluid in consequence of energy supplied to the fluid
through the entire regul ating device or parts
thereof. A connection between supplied energy, flow
rate and the en- ergy potential and properties of a

f1fkal ﬂnCéané@ﬁBM\Gélt o8i &hebgP! shpsUieder &XPHESEREi@Sthrough
follows: |= Co * (t2-t1) [1] or: t2=1tl + 1/(GCs

the epfire erguha%n@h@e*mc‘f— PE PRELPOWRPrSePplied [W
(j/s). This is a known quantity as the power supplied

A EénﬁQEE 841' Qtw nl SubPeidsoMnEALe ofléﬁ%ééglgnégéﬁé,en-
o

I's t erna capacity the fluid .
ergg potknomnl and gpropastias nefsar fbhid q&mnt$¢weWbata51m—

fluid; 15tl1 is the ene otential, for exanple
plftﬁ%%ra%ﬁr%§p5?s?ﬁ§ a?l%?%IQ%%Sured at the inlet
portion of the fluid; and t2 is the energy potential,
for examples t.emperatunr-e;1)of the fluid neasurediafter
it has flowed through the entire regu- |lating device
or parts thereof. 20 The flowrate Gs or mass fl ow

°Tt hrough the regul ating device, converted into kg/h is
thereby given fromthe followng for- nula: Gs= 3.6 *

|/ Cp * d42-¢11)+ [ko(dd [ 2b)To the formula [2] ¢ouhd be
added a "calibration factor" Kf 25 which could be

determ ned through trials or be deduced nat he-
inpghich Fly, so that the formula [2] will be as foll ows:

I f§ t%%a%oﬁeﬁ sué% W? L}) {kg%ﬁds[fg 1Tﬁhown quantity

cal i on fa a constant or
asnhhhengena$upp11ed is controlled

Gs is the flow rate of the fluid [g/s];

Cp is the thermal capacity of the fluid [j/gK]. This is a
known, or at least aimeasurable, quantity for a fluid;

tl is the energy potential, for example temperature, of the
fluid measured at the inlet portion of the fluid; and:

t2 is the energy potential, for example temperature, of the
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:
Gs= 3.6 « I/Cp « (t2-tl) [kg/h] [2]

To the formula [2] could be added a "calibration factor" K£

~which could be determined through trials or be deduced mathe-

matically, so that the formula [2] will be as follows:
Gs= Kf « 3.6 « Q/Cp « (t2-tl) [kg/hl] [3]

The calibration factor Kf may be a constant or a mathematical
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WO 2007/ 148978 PCT/ NO2007/ 000200 7 expression. The

regul ating device could also be controlled actively
wand7au89rr k as a flow meter or quantity gaugePUEEOA00G000200

the follow ng connection. 55Q=v * (n * De) /4 [4]

in which: V _ (1,86*C*7[*Di *SL1*(T1- (0, 5*T3+0,5*T2))

) *K2*(1/ Di ) K3*1/ 3600000Sg*KKe (C*U k)2/3* (SL1/ D)

1/3*1* (UWUWb) 0,14 Q Volunetric flowrate (1/h) v:
exprewsiehe (nm's) 10 Vari abl e sensor/ nmeasur enent

parameters: T1: Tenperature of actuator elenent T2

Tenperature of fluid in T3:_ Tenperature of fluid, out

The pEegehat HrI cABRECReTPEEd ?1S‘P’o]9\%rc%%?]rje%d gjtiely
an&?@feﬁérangtapﬁiéﬂeﬁgfér 52k 1€y &@é&h$a§%dt@@ the
medi um (kg/ 1) p: Viscosity of the rre um at 15
fObbowmgcmmm?Cbiomhe medi um (CP) at "fluid bulk
tenperature” c: Thermal capacity of the nmedi um (kJ/ Kg
C 20 k: Ther co ctjvity of the madlum( (@)
Desi gn npSt? gglrnarre?girl)s}d . Internal dianeter @
actuator elenent flow bore (n) SL1: Length of
inawhiahor el ement bore exposed to fluid (nm Ki, K2,

K3: test constants 25 Process calibration paramaters
K Cabicbf.at.ison (fagh ahrKe:s.£ab | brgtl on f.actor exponent
Ry Vi.569%8 1 ¥L1ppoh )6 f.aGh or WOH2007741 48578000005k

PCT/hKEOO?/OOOZOO
Q: Volumetric flow rate (1l/h)

v: Flow rate (m/s)

Variable sensor/measurement parameters:

Tl: Temperature of actuator element
T2: Temperature of fluid in
T3: Temperature of fluid out upstream of choke device

I: Power supplied (W)

Process input parameters:

Sg: Specific weight of the medium (kg/1)

H: Viscosity of the medium at 15 °C (CP)

pb: Viscosity of the medium (CP) at "fluid bulk temperature"
c: Thermal capacity of the medium (kJ/Kg ©C)

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

Design input parameters:

Di: Internal diameter of actuator element flow bore (m)
SL1: Length of actuator element bore exposed to fluid (m)
K1, K2; K3: test constants

Process calibration parameters:

K: Calibration factor
Ke: Calibration factor exponent

Kv: Viscosity profile factor
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8 Systemcalibration paranmeters: Tm Nuneric val ue

(time in seconds for how long the control system
w@bwaliggolze i n the neasuring node). Ability to BOENQ2007/000200

tinme needed to optimze durigg testing. 5 Tr: Numeric

value (tinme in seconds for how | ong the control

system should be in the regulating node). Ability to

change tine needed to optimi ze during testing. In

Sy@6htEONi LASERSS Ay rshanges: i n val ues for PID

functions are possiblre. I0 Cal cul ated process
Tm p aFamer &¢ svabue W@E%slmys%qfomﬁ% e hew (kg athe heontrol

o Lo TIPRA 16 TS0, 3001 O] ETELs R

timeaneé@epetat opeimilbe ThuEifd. 15é|'§t|~ﬂndjT2) pmp + (p kv

(15-Tm ut operation ara te Set v ue for
Trde@r“f‘%’az?l Pt EE17 han %@ff@%t trol
sySOOhT Sho SRS 115 €18 rﬁ&éﬁ?&@l@@%&@é Nt azumal@} aé& €hange

flow rate Q conpared to the set value for desired

tim¢oneeded @ ontrmiggh deginattentbigt he power suppli ed
to the regulating device. There may al so be a need
f 0. I V.
o A ll SAIRALED e P A B S i b
arausbssdglentially switch between the neas- uring node
and the regul ati ng node. Measuring node: neasuring in
Tm seconds th power sgl ied without the use of a
i g+ i Re=reasured power supplied then

pwl e@:[@é@@itﬁgof h@ﬁ@Qﬁ@ildm ((;915) atVathader fffe tdhperature
sor/ measurenent paraneters” above. WO 2007/ 148978

T1 pefi/ Wep 007y w020 (e Lement .
Hw= u + (pu*kv (15-T1))

um: Viscosity of the medium (CP) at mean temperature
Tm = (0.5T3+0.5T2)
um g + (p*kv (15-Tm))

Input operation parameters:

Qi: Set value for desired flow rate (1l/h)

Regulating function:

The control system is to regulate and maintain a stable flow
rate Q compared to the set value for desired flow rate Qi
through regulation of the power supplied to the regulating
device. There may also be a need for PID regulation of the

power to balance deviations registered between Q and Qi.

The control system must sequentially switch between the meas-

uring mode and the regulating mode.

Measuring mode: measuring in Tm seconds the power supplied

without the use of a regulating function, the measured power
supplied then representing the power I, ref. "Variable sen-

sor/measurement parameters" above.
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91 gives, via a set of mathematical fornulas for v

and Q the relevant neasured flow rate or quantity Q
wokioch48938 conpared, in turn, to the set val ueP€DNORIOGIN00200

rate or quantity Q. Regulaging node: regulating in

Tr seconds the supplied power 5 to bal ance devi ati ons

regi stered between the last registered Q and input

value Q. T1 nust or nmay be used as the reference
I §90LE0l vparaneéeroAnta thdifa 8YSE EMFSEAYBas NEdhSs and Q, the

regul ating node until Tl is stable, to switch then .
rejevant heeapased i hjowosrt anelr fawenthiey ew wiikch ol g egpmegred,
. e Th ug | af e i n
in ot EEne 0 one sebh raie P08 £ PO S S ol B BL

to ob- tain Q= Q. In what follows is described a
Regoha t ing t hode exeegph ba tyi marbiodi Tr neetomds athpe edwyplkited power

nbodi nent which is visualized .in the i resent .
to PanTHOE Cetiari e Tottte st ety | e FRE registerea
0 &8QuibhvovaByecei according to the present invention,
which 1s provided with an external energy source in
the formof a heating elenent fornmed by a heating
Tl HBTe QUMY BF Sised 29 thed of OrePee perttioh daxdeeter and
thEXPLoal aLkels P UlEChegla ity il Ald g URYI£E stabie,
igure 2 shows a view of the regul ati ng device shown
toiswitgh tnen 1intw evieel Measnmaing revdemhdofindnclof ndve cur-
regu- Iatiﬂ? devi ce;. 25 Fi ure% sho a. cross:zsection .
renf R hetf eglRRUTHY BV dTOU G TTT B Tha R e A0 0
a &bntiQbes 25e@éhcEi oy erd &hOWn R CIPBStSastidwine ofto ob-
the regul ating device viewed through the |line B-B of
taipglre @1-In the drawings the reference numeral 1
i ndicates a regulat WO 2007/ 148978 PCT/ NO2007/ 000200

nkfhat follows is described a non-limiting exemplary embodi-

ment of a preferred embodiment which is visualized in the

present drawings, in which:

Figure 1 shows a view of a regulating device according to
the present invention, which is provided with an
external energy source in the form of a heating
element formed by a heating cable evenly distrib-
uted along a portion of the external jacket surface

of the regulating device;

Figure 2 shows a view of the regulating device shown in fig-
ure 1, viewed from a first end portion of the regu-

lating device;

Figure 3 shows a cross-section of the regulating device

viewed through the line A-A of figure 2; and

Figure 4 shows a cross-section of the regulating device

viewed through the line B-B of figure 2.

In the drawings the reference numeral 1 indicates a regulat-
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I ng device, which includes an actuator elenent 3 and a

regu- lating device body 5. At its first end portion
wQ@200vhes9regu- | ating device 1 is provided w t hrar/NDad0d/000200

infet 9, and at its secondqgnd portion with a fluid

outlet 13. 5 The fluid inlet 9 and fluid outlet 13 are

in fluid conmunica- tion with an annulus 4 which is

defined by a portion of the actuator elenment 3 and

in§eQe, 8t & NOwHerh CendDd¥e S, aseecfhdts€ e Bemdite RCARALHIregu-
element 3 is provided, at the first_end portion 10 7
laping hdeyegal aedyigd dedt cbtd, fiFsth end |Rerel @ Whilhe i segu-

- ,1 b ; 6 i 1) -
1afply BEGLEC 1 e TRPOTiAca LN CFASEE HTRES Rl & ics
setondi egd apoenioporitiona HIuideoutehet at3 ng devi ce body

5. Even though the screws 6 are shown only in figure

1, it.is.t e,understood th t 15 scre or a .
e S oRERT Bria BHIS o ebebl 855 T Thetd fpmpumica-
tibh oML €S . a 48001 @& | DowiEEYh CEs S@atiddd iy fd XSkt Do of the

second end portion _11 of_ the actuator elenment 3. In
actpatercohement pornd oredulat it R ETaPANi Te FRRdf ure

19 is also placed in the end portion 20 of the

“regul ating device body 5. Thus, the regul ating device

seat 17 and the regul ating device needle 19 formthe
The hakeuadevi ekement e3t i$ cpronidddt het ridual Bitisly ediretion

The_ryequl atj ng. device. needl e is disposed, ina, .

7 Shothe e L AT SRR of naraT i (1R L g i con-
netbed efbgchehs Odif dscPSws NG (e rEbed | NY deva CBixed con-

needl e 19. The regul ating device needle 19 is biased .
nechion nafied KIRRFE per - s ntARERIt e nfOBM NG FyrefdrPortion

of 0§hé;, h&é@ﬂ&&ﬂé Nge eVl CSodgesl] %J@&s&m#ﬁ' thY sIBARS 6 are
of a spring 207 An energy source in the Tormof a
shbvgat omby elmnEihguld 1s o sis 300 posethder s heod utls detlof

the jacket ﬁgrfgce ofethe act uat or eJrSeonentcg,. lee in the
SCHE%E | ngF ef ehbfitd 2904 iy aablf?/)]a% BT
ot REP7E 148848, PCT/ NO2007/ 000200
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

device or restriction of the regulating device.

The regulating device needle 19 is disposed in a regulating
device needle housing 19', which also has the effect of guid-
ing the regulating device needle 19. The regulating device
needle 19 is biased in a manner known per se in;o abutment on
a portion of the regulating device needle housing 19' by

means of a spring 20.

An energy source in the form of a heating element 21 is dis-
posed on the outside of the jacket surface of the actuator

element 3. The heating element 21 is preferably an electric
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11 heating elenent, but a skilled person wll
understand that energy could be supplied by neans of
worthenssyeans. Even though it is not shown speRCT/NO2ad0700200
in the drawings a skilled pggson wll also understand
that the heating element 21 nust be con s nected to an
energy source, not shown, for exanple via wires, not
shown. Further, it will be understood that heating
he&t Bag "@Ilérﬁer% hesy ¢ hansia cak &l \Pﬁlytdﬂdéleﬂ:aﬂ:@rthat
exanple, a heating foil known per se will be wel
eneudy ecouMhdee t fieoRicteditlr eeamemt Iikew wpned quh though

. ener n O 0 he

it oher gy e et Rt L S SRS IR 4T person
wilDCa Bes euradiélr 4 teendict hupt ofhellpseing ¢lldnente)xqianthsas e con-

function of the coefficient of expansjon of

t he ) \
neqlR@r FQl 2 reRRE BY | SPEF¢ o Ahi THWHe ph]eef efghtWires,
not sBowi B8 r 104y N REESEMe qﬁﬂéf@%@%hd’p%ééﬂﬂg N e-

enbodi nent 15 of the invention it is the expansi on of
menthe echemtohar| aarmamle Fould Hee axi bl izhd eddnexanks, a
ect thro ut of. vice 17, 19, as
hedLig4  fol it il e Qs 1 Soe SROKE LRSS 1T 09
bei ng Iengthened relatlve to the regul ating device
Wheodyhd. a2tudthen édlemeht fOriexanmpkied Iwith cenetgya by means

tenperature | ower than at of the heated actuataqr
E ofibaiee 509 SITURR NG Ly TRE R g Hoviite actua-
t011’ eié‘rﬁ‘erlltﬁ ogliveh 1 | &0l sd hgh @Rt Lt & s NBIdmenkthed 6yill
then be a thermal |oss by the liquid being

exxh@ranl ews amdfmre(atvwrg vhethegurel §igientvick exransian gherthe
h t r

9 ofrg?tﬁéyla?le%uﬂqqrﬁ wﬁ%%&g aecatm q{ort @l&#ﬂ@ 3 is

madié QUF Sl | Shé | e ent rdémgd‘ukbétia weguai+ ]mnmoteimg: eemkdodiment

t he actuator element 3 is cooled so retracts,
Of \HloR GUVEHOLTT o (9 Chith THRARTAE Rl At S ofel ement

3 ihehewk B0 | @k A8Y] Gehilch Sy Sttt ST fhdie-AghpY eef the

The reduced open- ing of the choke device 17, 19 will
choles udlevige | E&s 1%;0ﬁgmmﬁt1ng of the actuator element 3

will result in it being lengthened relative to the regulating

mate¥1?l

device body 5.

When fluid, for example a liquid, at a temperature lower than
that of the heated actuator element 3, is 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
heated and leaving the regulating device 1 at a higher tem-.
perature than it had upstream of the fluid inlet 9 of the

regulating device 1.

If too much liquid is flowing through the regulation device
1, the actuator element 3 is cooled so that it retracts,
whereby the ﬁlow through the choke device 17, 19 of the regu-
lating device 1 is shut off more and more. The reduced open-
ing of the choke device 17, 19 will result in less throughput
of liquid. Thereby the thermal loss or the heat transport is
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of liquid. Thereby the thermal |oss or the heat
transport is WO 2007/148978 PCT/ NO2007/ 000200 12

wo edaaesd7and t he novenent of the actuator el ene@I/N8®2007/000200
relative to the regulatingjgdevice body 5 will cease
when the energy, which is transported away wth the
fluid, substantially equals the energy supplied to
the heating el enent 21. Thus, 5 energy balance will be

rededd@Val haiaapivdiththest suppld W eldeted relative

transported away. If too little fluid, for exanple

to |thpixeouafingidry iaa Qwly & helFleqigaas dafevihe energy,
I £V : j Qg t tQr
unigh Be Wl Iy AR RS D bRy
equelratihe aiertdie sagipiatest tw |dhe itses tisgy tdlamdrte 2dhokihus,
device . 17, 19 aof .the regulating device 1 wll open.
endrse BakAas 8t e G ARHed (R S i et e AP deg and
thMidat NGFHassrad 48, actuator elenent 3 will again
find a bal ancing point, at which the energy, which is

transported away with the fluid, 15 substantially
If deprnl itithlee dhlatigly, S @aramplaidpilqueidl + ol Hel oviaut ity ough
thege enalf%hjneq heatlrbseuglpﬁ"{egltfl%ﬁ}dea%t tr anspoﬁ?%aam\%&;_tted to
thdraamudteoabohendrit Vil [firdwe tlred dresttoiony tehlameriie X1 ,uitthe tem-

flow could be requl ated _hy reqgul ati t.he ener .
DeRAISHG G 1% S S o dts 1l "Hhebrerto Fhata i Cofpke device
17 Skid 1&d dxe thenarde wd ladinder sit and it e @ @t@tmore.

ing device 1 wll not be influenced to any substanti al
Th e hepf hhied i s sind) esfendie ¥aa8 dvigrl ticngasssue@d the

| uj r-ea . ul.afqi : [ ,
acﬁaeéilﬁoilee%d%{/tl ?g%'% ,1 59599%5} 2?1 I{cﬁgi rl%tglu atl?]re% pgag\ﬂ]t c’e%%
whiwtH | tladjatrsirgyowartdiscle ner gyravedporares® avaty whitdh tthee f1luid,

ener gqy. supplied fromthe heating el enent 21 . h
SURGHA BN 1B oy A P e TR Ssbied e
hedV@Yy Mddedhe ] wighifd owWwmnadhnighddedLBdH idRhieved

device 1. Nei- ther will the tenperature of the fluid
bqugﬁngghﬁ(ﬁeqquﬁquﬁjed and heat transported away.
From the above it will be understood that the fluid flow
could be regulated by regulating the energy supplied to the

heating element 21.

A person skilled in the art will understand that the regulat-
ing device 1 will not be influenced to any substantial degree
by the viscosity of the fluid or the pressure of the‘fluid
upstream of 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 from the heating element
21 corresponds to the energy which is being transported away
with the fluid flowing through the regulating device 1. Nei-
ther will the temperature of the fluid upstream of the regu-
lating device 1 affect the regulating device 1, as a tempera-
ture change in the inflowing fluid will result in just as

great an expansion or contraction of the actuator element 3
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30 lating device 1 affect the regul ating device 1, as
a tenpera- ture change in the inflowwing fluid wll
WO e®al1#897$1 j ust as great an expansi on or contPENDIV7/000200
of the actuator elenent 3 WP32007/148978
PCT/ NO2007/ 000200 13 and regulatlng devi ce body 5, so
that the di stance between the regulating device seat
17 and regul ating device needle 19 wll be constant.
ancgr&&'i’l[§€1né hisyviSe oA td onad Upon the @Cstdnkdd Wetween
el'ement 3 and regulating devi ce body 5 bein produced
thg Jf¢gt)1miérrmle§rr|®¢‘si<3¢ra$¢¢ﬁg Yherndmegokdfing é%weﬁe needle 19
ansi on_ or e coefficien
WIggﬁ%ens T HY ?orééﬁéoégﬁe’fggé%c%§|é§#&$% iﬁ%ﬁuﬁéé? the ac-

tu@edtad Demeh €NEBNEnd BegIeginqtdegi caavodye Hdayiry msduced
menti oned above. The choke dew(gfeE ?%rest ction 17,

from patehtale s iR gt R -SaATe FQ eIt Vi BRI T HBUCT
dlfb&éﬁ'@ Obe Pr 5O: &34 L &g oékrrgér?@lon T&r§p€l§i@§at§i}§g efdeEny dif-
of the regulating device not bei ng eas-
ferenﬁ¢eremebexbg/t1¢ocmf arheaad e oy tedresnt |3 aarl%alretq@taetlng
ret |n d between. the.r ulatlng devi ce needl e 19
de‘éh%et ggu?atrflenrétl er\l/(?%e&g%a? 17, the fluid
throughput will be re 15 duced. Thereby t he actuator

Th@l@tmlem d&evid:é deatestrict comsE?, quence die t:tmgwlraerjg;g de-
ppljed to the_regul ati ng devi ce from eatl

vigh bheht PECHRIY G EHEr CHAThe Bribr gy G LIRS oh

ThYeya & rome therdegub At i g FeYi L e ing &ébi$§5f|ﬂ6$jbélﬂb eas-

sequently, the distance between the regul ati ng device
1lyreer@|fbu@@ce1@ lemdcctmreamergmtrmq epEeldkes sebf apagticle is

ncr e and t [ e
retf?Jorh? he SRR tevrlggl l& tlﬂ% é%he&?e%%% ér)ﬁlgg gAevr ce
re@t@ﬁiti}ﬂg | Gedl ¢@ngeslc t D7 betl*&dj filsd &b | ehrowdlaputvewilol the re-
ul ati ng device needle 19, Such a pOSSIbI|- 25 jty

| Gugrd adf et ttle%otc%%wr.%la@r%n%h%m T S

Exaaml e @Het@t?ef I?I%bfﬁec‘ﬂe&/é Censeadgdilatheyd Mewice 1 from

threaded connec o the I ower portion of the

,thadb@@tnmgeébﬂﬁﬂmtszl being greater than the energy trans-

ported away from the regulating device 1 with the fluid. Con-
sequently, the distance between the regulating device needle
19 and the regulating device seat 17 will increase, and the
particle retained will be released from the choke device 17,

19.

The regulating device seat 17 is arranged to be adjustable
relative to the regulating device needle 19. Such a possibil-
ity of adjustment (not specifically shown) is achieved for
example by the regulating device seat 17 having a threaded
connection to the lower portion of the actuator element 3.
Alternatively, or additionally, the extent of the regulating
device needle 19 in the longitudinal direction could be ad-
justed. Such a possibility of adjusting the choke de?ice 17,
19 provides a possibility of changing the operative range of

the regulating device.
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Alternatively, or additionally, the extent of the
regul ating device needle 19 in the |ongitudina
wal2oogassosr coul d be ad 30 justed. Such a possibiT/NDR00a#000200
adj usting the choke device 47 19 provides a
possi bility of changing the operative range of the
regul ati ng devi ce. WO 2007/ 148978 PCT/ NO2007/ 000200
14 To be able to, anong other things, calculate the
Tof bii dbflk0¥e, behehg 6PBEGYtRahgscechasubees erdi £vedd flow
t he regulatlng de- vice is provided wth first and
beferenanaray ubphgndevhaesbeant ackhevind ofha keddlahbng de-
vi?Sriéeg%S{ri&E@SxH%hggfi E: €05 9¥08 %&%éaéuﬂn S&&!?lé‘és (not
enperature. Sal i rst “measuring device -uarin
shbha)eoérgykpnﬁehhoah bér ks ﬂospme&ﬁuﬁinghéhenéﬁér@prpoten—
t of the fluid, Said_se d neasuring. devi
i hasBRFRGRS T RETRRER BT a0r SRETaF LSE TEAHICHOR (S BECT haeas-
urbﬁ&tgﬂéoénér?§ PEtehPig1281( ses éi§§6§e§)aéofﬂ@dlﬁﬂe@-por—
portion of the regulating 10 device body 5. The blind
tipare o8 eheechligiflf oRnifeserend mersupbRy | devicef mepsuring
e bpdy n,pe t
cnbolth by Mo L8Nt 681 (63, 19 81 BRELe ST LR Re BBccon of o bling
boshom& (aee ﬁigﬂﬁgem)tﬁofma@sﬂmtatﬁmrmmamumfnghéesegmsatlng

de‘&bﬁﬁu]?%ﬁ%yn%t THBWALLES BTt BOSF LA cEF ol e Mot H o =nd

pof@i@naﬁcgfdtﬂg f@gu@é@yﬁé(éév1&§]b@@ﬂléﬁ i4&o§@9&§ near the
Alternatively, the energy potential, for exanple the

reg@h@blm udeviet needisi 1P nglhe uhepswning b@evx@gﬁl e tegshown
argn ? ?$%é|§ooér£8 ﬁyéatﬁ% &e§$8¥%$%j¥ggﬁlé tl and , in

device accor resent rnven-
a maﬁﬂeﬂrbﬂbﬂﬁSpérregulﬂbrn@xﬂmyléetde(ﬁbmputer not shown,
substantiallﬁ free of nechanically novaple part{s
C

WhyRR| €0UaE THECSLRESt PR, THRY P te A S tRY i Ty Bevulals
(3 80btia) 60! £ LtQEO\GSQUAf‘EéPﬂaQPVéPF NOhe Donei 4 ;?@éérﬁﬁ’lal

I nfl uenced ossible inpurities in the formof
fopaexampls tlmeth@npémuunmv@?e@het hexieing helyeguteuldidgoe

re%ulaéegl 53 t$%f$££9§r09d¥opx%€ﬂae Pl § hg,degul ating

evi ce 1 |s

Thus, the regulating device 1 according to the present inven-
tion provides a regulating device which is substantially free
of mechanically movable parts while, at the same time, being
self-adjusting and adjustable, the regulating device not be-:
ing easily influenced by possible impurities 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 meter or quantity gauge.
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it could be used as a flow neter or quantity gauge. WO
2007/ 148978 PCT/ NO2007/000200 15 Cains 1. A

wo egaliarsg device (1) for regulating a fluid PCDWD2007/000200

the regul ating device (1) cqmprising an actuator ele-
ment (3) including a first restriction device (17), 5
and a regqgul ati ng device body (5) including a second
restriction device (19) and form ng, together with
said first restriction @gdevisce f11d), the choke device
(17, 19) of the regulating device (1), the regul ating
device (1) being provided wwth a flow area (4)_ar

10
}anged xPekREE (9N i DetWediPa FeUH Rt ifiee (Ihuighd Low.

f1ui dt@gtgggdle%@ngogic}é}it(% @f)t L@Jng!ri%ieﬂser&n @etor ele-

regul ating e ei ng di sposed at least in
a porérmn OF) tivecwetiriatd il oy i s thoidyt i) davd caect (-

tor elenent_ (3),_ respectivel h r.ac f.er i 15

2 e PR I R T 1ot STAE Py R second
| at i ngestevi el B0 dek e AW 1CUHE Ay S Uy hdy with

that the_actuator elenent (3) and the requl ating de-

vi ce Sy {Istarkesiniaigan ek ridel Y@ device
ent | y(ff %)h &t ih.gfe 'nga %q‘}be%iQJe a(l%;%ﬂealregﬁl%(%ing

pansi on or nat er raction, the through-put
t he oimkicaleld lcéodiliy mrPvibdgiitidia ecltdw ansfd uenced -

by an energy source which is arr ed, t.0 .S I
ener g@a’f%e‘gttcf %V%?%flﬁ]%e%ﬁ%t%%wle&p%% and a
and/ Ofldﬁgtﬁlﬂilié}g (jle.BV)i cartddhd Yot wxox elgent (3) or

" regul ating device in accordance with claim1,

char asxe@tiateng deving R elfdr feinsurerqeses gts least in

gcr:cr:g?% nclgetoi\)é}? hocéglrggl[e?rlllle,egqﬂc airnygted ee{ﬁ%dq%dd;ﬂt(chggrlatqﬁela%tua_

oper atomglement (3), respectively, characteri-
z e d in 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, the through-put of
the choke device (17, 19) being indirectly influenced
by an energy source (21) which is arfanged to supply

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

and/or regulating device body (5).

2. The regulating device in accordance with claim 1,

characterized 1in that the energy source

(21) is arranged to be controlled.

3. The regulating device in accordance with claim 1,

characterized in that the operating

range of the choke device (17, 19) is adjustable.
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30 range of the choke device (17, 19) is adjustable.
WD 2007/ 148978 PCT/ NO2007/ 000200 16 4. A flow neter

w@ 2907fiegs97sreasuring a flowrate of a fluid, ¢ PCEND2@7000200

t er i zed in that the flowgmeter is constituted by
a regulating device (1) in accordance wth claim1,
the flowrate being given by the for 5 nula: G =

I/ (Cp*(t2-t1)), in which Gs is the flowrate of the

il ui da[glSd metet S(IheeStpdd Ad oy fMw $rd oft he fluid,
thermal capacity of the fluid [J/g K]; 10 tl1 is the .
ener gy bfathea fd (i @ Aehsured atian i vhat ther tfilew geter is
the r |_at.i ' X 2 -.S:t.he ;enerqy

{10 o Cobat oy B S Ay e (R1°H 8 sk Blnce
devi cerith) clehen del frhadjfisti mgtacbedngobivee blyowhe for-
neterséé).caus- 15 ing the energy difference t2-tl to

be su &ritially constant at a constant supplied

pover ds. =5.1/Tlee.fchowi et efnageoeding to claim4, ¢ h
arac teri zedi nthat the flow neter (1) is
fur- Gserdspitde dé@wnirefteaofesber fayidedpéelfor

neasurdi I atu d nperature change in
conse&ug%bg%%fggﬁgﬁéggségg%?eéhﬁé the fluid through

t he endp e rtégu-thleamalgcdewciey( bf ohepdiusdt hargoPK] ;
6. A nethod of regul ating fluid_ flowng through a
regu-tpaﬂﬁnéﬁﬁe@' égyif%aEgSréﬁHédtBeEFH'ﬁgl?tcgﬁ anast
ra Coorilon o @hé reghibiahgt Bevhikdi d1flownihr ough
the regul ati ng device gl) is regul ated by changi ng

the eft@r gy $hgplepergyt b ther gyuisdumeaspzey g6 ahaputlet

the tbroughiput, ot pLhe ghoke Agvisge, (L7,119) wi !
changeuntiT a new energy baldnce has been achi eved,
the self-adjusting action of the flow meter (1) caus-
ing the energy difference t2-tl to be substantially

constant at a constant supplied power I.

5. The flow meter according to claim 4, charac -
terized in that the flow meter (1) is fur-
ther provided with a measuring device for measuring
temperature and temperature change in conseqguence of
energy supplied to the fluid 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, c¢c h a -
racterized 1in 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,
sé that that the energy supplied to the regulating

device from the energy source (21) corresponds to the



30 so that that the energy supplied to the regul ating

device fromthe energy source (21) corresponds to the
wOR020@807448978 PCT/ NO2007/ 000200 17 energy reEODXOA007/000200

fromthe regulating device %) via the fluid flow ng

through. 7. A nmethod of regulating an energy of a

fluid which is flow ng through a regul ati ng device

(1) according to 5 claiml1, characterized in that the

en er @hed ftQ%mEb%deEBQWEHQ tBravghihBeqeegubatindvia the
de- vice (1) is regulated by changing the energy
suppl {lufidomlowangnéhgpugburce (21) to the regul ating

device so that the throughput of the choke device

17, i until t idf i : -
the Aderthdioy SN ol an Ml 4 AR M 1o
ener g¥lo&ingsehabugh eneegylaoingedéfiret ¢1) eguktarding to
t he flgmLof a fluid through a r.egul ati ng devic gl%
5 accor GrAg™ ¢+ cFallrt £ By© éﬁ§fdf%tﬁe met’h&d aEES dFhRg €7~
to cl akBb6or1end. raeaok18WiBBCEHY0REHr ERe( 2Eful8ting de-

regulate the energy of a flurd, which is flow ng out
of a végel dili ngsdeepvéated) bacebrapagdt shel anargy Byprly

neansf%%mt@gewghgggya%bugggdkag)tgockﬁgn}Zgulating device
so that the throughput of the choke device (17, 19)

10 will change until the fluid flowing 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 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.



