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I am sorry for th€ delay in giving )'ou soms answsr8 b your questions, but below you will ffnd some
Esults from calculations and some corrrnenb to th€ complexity of the flow problem.

Th€ information fiom the choko manufaclurer shols that the openings in the choke valve arc
€quivalont to a cirDular hol€ of 0.098{ m (epproxirnately 4J. Both th6 upstrcam and doiYnstleam
pliing are smaltor than this (3'dlam6t€r), and there is also a rEstrictbn (the gaskc$ of 2.5-3'diameter
irfstream of tho choke. The cross sec{ional flow arca d the upst€am rcsticiion is 42% of thc
maximum choke opening, and th€ 3'dhmebf pipes have a q,oss s€c{ional area of60% ofthe
maximum choke opening. Based on this lhe f,ow rato mu8t bocom€ less sensitlve to cftanges in

choke opening when the oponing is larger than approximately 500/6.

Flash calculations using th€ PWSim lilE ehow that the gas mass ftadion at inl€t to the flow geometry

varies from 0 to 24 weightYo, d€pondlng on the plessute. (Sa attached diagram.) Accoding to my
calculations 23 w6ight% conesionds to the :ified 29fi) silandard cubic f€et of methane per stock
tank ban6l of oil.

Calculstions with a stand-alon€ Hydrc choke model have b€en mado with the bllowing assumptions:

. lnlet diameter 3'.

. Outlet diameter 3'.. upstream pressures frorn lho specifi€d table.

. Choke openings frcm the specifi€d table'

. Upstream t€mperafur€ 84.2 C.

. Choke diameter 0.09E4 m.

. Cd=0.6. Downstream pr€ssu.e 150.s bara (2189 psh).

. Oll and gas p'ropertlos are functions of (p, T) generated fmm PWSim descdption'

. Upstrcair gis rinass fraaion dc[ermined from flash calculations to upstream (p, T).

. Uaxlmum Eftaiw chok opaning has b€on s€t to 50%. This means that only changes in

upstpam p6ssure and gas mass iraaion afra ttre cases wtih choke oPoning lalger than 50yo.

A diagrem shotying f,ow rate as a tunetlon of choke opening is attached. The calcxJlations for tho

stand-alone choke model do not include frlctional pre3sur6 drops in th€ piplng syst€m3, so these flo,Y

rates are over predlcted, especlally at larger choke openings.

The chok€ model pr€dicts sub-criticsl flow al all operating pointc, mainly becausothere is much llquld

whon the upstrea; pressure is high. Th6 model ls a frozen flo^, model, so no flashing occurs from lhe
inl€t to the minimum cross seclion al th€ v€na contracta.
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The maldmum gas mass facflon in the pr6€nt caso ls apporimately 2,t% glvlng gas volume
fradons botrueen 50 and 60%, and the cfiok€ modcl dld not prodlcn crfical flou, br any ot lhe valvE
oponlngs. For sttuatons wih higher gas fractions lhe florr may reddl[ become choked lf thc prcasuna
drop 18 high.

The choke opening limils the flow rate br small openings and vnall flor rabe where most of the
pr€8gure drop 18 across lhe choke. The cholc may op€rab critl;ally if the pl€ssut€ drcp is large
enough.

The pressure drcp across the upst€am resfb'flon, havlng a llor arca of42% ol lhe maxlmum choke
openlng, will be la]ge when the tfioke opens, and tho flo,v may b€come orltlcal at thls locatlon.

The gae expansion (and lncluding some flahhg of gas from the oil phme) and filciion eftcG may
,€sult in chokod f,or., at the plpe exit (Fanno f,oil) llmnlng th6 frffy rat€ throrgh the syetam.

ln addltlon ther€ ar€ fricthnal pr€sEure drops ln the plping that 8fied the prcsaure distributim, so this
is a complex flor problem vuh€I€ it b difrcult to dcilsmlnc what aclr.rally detemines the flou, rate.

We also bclleve that the assumption of a dorffitl€arn pnesure of 150.9 bara (2189 psia) may be
unoenaln, eepeclally for flora with large gas traclions.

1) ln I pip6 syBtem like this he phenomenon multlple choking may occur. l.e. tha flor may b€ cndcal
ln morc than one cre+secdon of tre pipe syrtem. Tho cdtlcal cri&secuon furh68l ddyn8troam will
debrmlne the mass flow rEb. Upsfieam there may b€ bolh subsonic and superBonlo florv as uoll aa
shocl€. A model of thls has to allorv implhlt soluilon of multipl€ choking for cornplex plpe georn€tries.

2) lf there not is suffdent f,w restlcfooe and fridion to dlsolpab enough sbgnaiion prossuro
upstr€am, the f,ofl wlll choke where he pip€ €xltB lnb tro saa. The mass flovy Ete wlll bs d€termlned
hor€. The 6xlt prossure wlll be larger (or equal to) th€ see pressure, and lhem wlll be fu.lher
expanelon and dissipetion in lhe form of normal or oblique shocks slc ln a turbubnt jet to th€ s€a.

tt ahouH be posslbb b de\rslop a modd comblnlng tho Hydro choke model wllh pip€ flotfl as
deocrlbed above, but wo do not hsv€ that avalleblo norir. lt urouH b€ useful to have a tool that could
detemine horv these hlgh velodty cornpresslblo flows beharc in complex plplng syst€ms. The basls
for such a model was developed by DIW and partneB ln lhe mld gol€3 tor one and two component
flors based on a slmllar model aB the HYDRO{nodel. Ho\i,arer, thc mod6l would have to be made
opcrational agaln and fu her rraluat€d. Thle rraa done wlthln the framano* ot a Frendr, Belglan,
Germen, Polieh and Nonvegian collaboratve R&D prolect wllh financhl Bupport fiorn th€ EC, CEA.
UCt, TUHH, DNV, Statoll. ConocoPhllllps, ++.

We hopo the above ln ormation givBs you some ldem on hoy b proooed frnding a good pr€diction
model for your syslem.

B€st r€gards,

Reidar
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