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METHOD FOR THE MONI TORI NG AND CONTROL OF A PROCESS
This invention relates to a nethod for the nonitoring
wa@pahsaont4 ol of a process using conputational PETIGB2005/002177
dynam cs. Conputational fluid dynamcs (CFD) is a
wel | -known tool for nodelling fluid flow, by utilising
conput ational nethods to solve the nonentum and nass
conservation equations governing fluid flow For
exanple, CFD may be used to nodel fluid flows when
desi gning m xi ng vessels to ensure that suitable
mxing wll be achieved. Simlarly, when designing
reacti on vessels CFD may be used to ensure that
opti mum contact of reactants with each other and/or
with any catal yst that may be present will be achieved
by the reactor design. CFD conputes the flow structure
and characteristics of a system given the system
boundary conditions and using the fundanental
equations of flow of continuous nedia nanmely the
conservation equations of mass and nonentum (ot herw se
known as the Navier Stokes Equations). CFD may be run
in either a steady or unsteady (tinme dependent) node.
TH@EﬁEKHhPGMETHERGQFHBOBHBGMMND(éﬂ§ﬂﬁﬁﬂu@ﬁﬁaﬁﬁﬁﬂiﬁﬁe

final solution and reqguires, no furthe
ot He P e tehRes i %@ﬁ%@gn%ﬁ%ﬁ PASRET ‘fog.ﬂ procels

umn@ (Rionhi 1RQSSniRicsr equire the neasurenent of a
ressure drop to derive the solution). To put it

aﬁmhpmaﬁMHW]ukh&mhm&hﬂCﬁﬁé1$@ﬁﬁm&eswhhﬁﬂqunbd@Mh0ﬂuM
R M o R b L
equa?{)ﬁg\%o%emful& ORI @ e‘g Q G"FD%Q 'b@\ﬁ's&f:loqncgde@‘fﬁ)d fq(h%
oW can Dbe conpute al'ytical l'y; however, in nost _
wheredgignéeyr mixing Vovds af eqsn&dhatcsaitabmhnmeg will e acloevedi near
second order dlfferentlal 8 at| ns need to bg sol.ved
Simijgltey NeadqsiEni SR RS A5 S ’g’; “Eﬁy Cdispgyta vt OPEE’IUH%
condc%f’re%&% %v'mll éacl‘f@ hleﬁar(cf/é/ﬂk/ﬁl?h ca?al}s@ %‘a) nfat?qi)e present will be
nuner | caIF sol vi ng e equations i n each
adn&@@bﬁﬂﬁﬁgmﬁhﬁkpmedlct|on unt|I a solutlon |s obt ai ned.

CFD i s described, for examp g ! Etatlonal Fl uid
M SFRgempuisy e flqy Swtgmnﬁ Wactsﬂsf@ape apyStBIveRe
systesy?(ﬁnﬁﬁrgtcohﬁﬁﬁong%sm R &3 da)ﬁe JIRGR b My BfSntinuous
ours or even days of uter time, even
medih @ameBith¢ yoxsemahen sqmtleﬂsofpanstslaod hmnheynum €onthérvescknamna as

ti me dependent sol utions.
the Navier Stokes Equations). CFD may be run in either a steady or unsteady (time

dependent) mode. The technique makes no a priori assumption about the final solution
and requires no further input of data other than the initial boundary conditions (for
example, it does not require the measurement of a pressure drop to derive the solution).
To put it another way, the technique computes the required properties of a system at a
time t' given the system boundary conditions at an earlier time .

In some, simple, flow problems (such as 2D inviscid flows) the flow can be
computed analytically, however, in most engineering flows of practical interest the non-
linear second order differential equations need to be solved numefically. CFD does this

by dividing the flow regime into many small célls (typically > 100k) and numerically
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Nevert hel ess, despite the tine required for
cal cul ations, CFD has proven a val uable tool for
walmes/gnbng m xXi ng and/ or reaction vessels, wher@/6¢Bm05/002177
calculation tine is not critical. Prior to the making
of the present invention, CFD nodels making no apriori
solviAg SHeregtiatans 1mbmlntcellhterz35ngttbsnpr©dlheon tutélra S{Ohélomm pbtained.

boundary caondij ti ons ve ver been aI- nme
o Ra S destrbrh for mpls oA yeRuraaL R v fhe " 59 M
Marsﬁgﬁqﬁcﬂ\l ngﬁe@eptmlfﬁé@@l 1RERREL bbes of -a pol ymer f or med
oma pluralit nononers in a reactor, and states
thﬁﬁuﬂWgCFEBubmShmyhubd«msmdwﬂmuwhemwmtﬁ@ﬂ@@eﬁmpﬁwrbme
unusual reactor proble

evenJ@S@FIYb%’BpkeﬁﬁtFP]éspftrH@ 1%\)/ erb w?%’é? tn&eggggrgid atastoéullons
che(x%hcleéSs Eﬁ:h ifeGEUiME r&&m@ﬁ g &%ha\ﬁoﬁ@dm Rgk geted H10aluable tool
avi ng been measured at vari ous p0|nts in the
for défﬁ@ﬁh@l’m(lag dniVeneactadn eestdlsyavlieye thamﬂCtl]hHOW BE‘@IM gotgfitical.
the cal cul ation 8Fye estimat es

plérr‘@r’r@t”@rmblﬂf‘c &f Iheruessaneventioe: {EﬁDt”ﬁ%\cl St‘ﬁ%k‘f] PP edyior
o RES T O, R 0 e,
beenUJ@&I ﬁﬁl(ﬂ%l(tffnhd’r]'ﬁod@peﬁﬁieodt FPrﬁ9&8é06 desaribes appthbedf predicting

real -time pr ocess noni tori [ ve I nproved process
the phpsieal ropertisl apobEndif ﬁ@ﬂftdofg o pipf el Oh anomgepin a reactor,
res LNV
and Sg%tﬁ% 1?18{ the ges %g\g c?x‘?‘ﬂéj{c-ljé% ¥ gl%rt@héggﬁet?% (gig{ng\glllﬁa@?%g%ﬁ)é problems.
Howe dPihe é‘ﬁdtl%tﬁdicsEilbﬁcﬂrederthcﬁlpUU@i&balqﬁo@ssf dns (. qothsrcressh,s of
inputting to the conputational fluid dynamc
previpwslelcasng oghthepsodesd diayihe H5FHmeqsuegd %W%@&SPOI%PH“W
t | n i

’eac@ﬁéﬁ‘dthﬁg ¥ ﬁlemrqr%déldngélice%a gé)?gh e?cte?a %tﬁoﬁﬁq\ée?dﬁﬂf‘{gfés gEa
diffefdnt PR@mRter HRT & (BE SRS ﬁﬂn€$0 1aft thalnitidl idaatwprmessedat a

future tinme, t 1, and (c) using the S|nulat|on for

c Bt lrage not foandjthat qa(gnptmtg@@]s@u rdyfx@plc§>dﬁx{t|m¢1| arfyywhen run in

' unst%@y?{;@gl rc;(e)eiq Sl%lgtno d\lé\'g(%a% ;ﬁ}ﬁll&i trosrg lﬂﬁﬁé:?x%éﬁ:s'ﬁndlﬁl%bﬁgm give

|on S nean ation

1‘nprm&&POE&§ cShtidll ation output (sinulation result) is

available in a time period short enough to enable t he

pifb@&%sscom@nﬂm p &irgt asRechahquprewnE e enten preyidesgpgthod
hus corgt rolled as necessary in

P
p“”F%é%BH@ &P W%hf&iﬁ?ﬁﬂm . fromdata applicable at
@n pfd%(hh?h cbinpBtationdl Hﬁlw@)txﬁmuts&l@c&ﬂ) abh érofprazatscul ati ng

a property at a later tinme t1 and, if necessary
(foh atputting to the computational fluid dynamics model data on the fecd to saldgﬁrst
process, said data representing the situation at an initial time t°, such that the
model gener ates a real-time simulation of one or more properties of said first
process at a future time, t', and
(¢) using the simulation for control of said first process or for control of a second
process to which the first process is linked.
By “real-time simulation” is meant a simulation from which the simulation output
(simulation result) is available in a time period short enough to enable the process

conditions to be predicted as, or faster than, they happen and thus controlled as

necessary in response to the output; i.e. from data applicab]e at an initial time t°, the
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cal culation to control the process (or a second
process) at or before tine tl. The nethod of the
wo moentivon may be i npl enmented by neans of a cortT/GB2005/002177
system and therefore according to a further
enbodi nent of the invention, there |s provi ded a
systeﬂ:romtcnmlblsyﬁctadxmlzftmg aeprppatyes 9 latehiiog t C«mﬂ'plf ms@esssarya)sm that
nput er ogranmmed to run utatio
cale gD enildly Pores (714 topT BOESS M b pRRE st sy st em
1fhgr %19&&’5# hOShveRi&DE: a$ QB RHp Rk ARA by hlddh o0y Eaflict System, and
e data on the feed to said first process, said
1hererﬂ@’e aceepingse ntirtigr embodintentof the ireentawn, ithdre isgirovidaga control
such t hat th deI enerates a real-tinme sinulation
Sg“ﬁfﬁéﬁénﬁﬁsﬁﬁ¥gc YP&Fties of said first process at a
(E)UIt g&ﬁ{)ﬁﬂe{rﬁr %llaamﬁ&pto(rg)) a%oﬁ@ﬂltafl&llél Shid ARSI MBdd19f a first
sald stmulatifon and adapted to use said simulation for
copioceds, of said first process or for control of a

second process to which the first ces nke

(Phan vgHt Pefensd fl&ﬂ“&&t&fﬁ‘? ?@“R%Mt%g{ﬁw@é@t’?wsSbOé‘Pgtdé? on
| NgRYE lg ﬁxispﬂjocésgesamwtd' Rble8intin )&l zhion 88an initjal time
descri be I'ow,” may be an aut omat ed process contro

sy st arhakhat mmlmbéel@@m'ratk:ed r&y-tiare sopelativmpf onesoroapaireperties

of beln? exercised at or bgfore tine t 1. Preferably,
t hef @éh ﬁéPF§P$Gﬁ?fWHﬁVPBF§ #decond process to which
U"'g cgﬁt[;o?ifer Pefsgé}m foSatd S%GQB?I@% zﬁﬂh@dftb LS saﬁ’d Qﬁﬁﬁzﬁlohqor
In a suit e m xi hg vessel which ha
an c@utd] ef szﬁﬂ fieamrodescdr foscdnalobof ascand pedessdo sdiiah the ﬁrst
second process For exanple, the m xing vessel may be
a BYOgERs 1p110kesk or age tank and the second process may be
e coy{:i 81 Jtst%H z;cchtcfn?tﬁtoqﬂ h]'\’elll:ti‘g tAgJ% ’lt&ql:l @hé}rc'a foay §Hh fhe
I'VEN be Oow. In order to generate a :
contf&l@f (d) lvmickﬁ bﬂﬂés@hb@hbe@éw&ﬂ@y ot mfmnmnpued perckseontb] salech or
first process at a future tine t 1, the da %.on thg -
may foe @gteriFiestbyrag apertqroistapa e alobging @‘ef‘}@dﬁt PEPe BF%‘&‘E%% at -
I%efer tlhfi é’g])llr?)ngﬂd(% &Elértogsngd&%oﬁd gﬁ%ls:%s}g% %gcrhrfg%/ Fﬁéf? ggdgg% is
link&d, beREHd tigst BRockads hionikig p‘rcbcfeSst inpr sufielsls miRinigovebdel svhich has
time. The conposition of streans to be fed to a
an Optﬂ@ié@sisn Nﬁ)}ﬂ}blé taispab Adeed tp s¥id sscamgIPECErs: difr XA ¥ei n

- mlxglg vtﬁéasgi may be §e9 cild ro?l%?mg%ﬁk 2la t'h@ seRAGY ?@é&ﬁh@%@ﬁ |&fude

distillation unit. Further details of this embodiment are given below.

In order to generate a real-time simulation of one or more properties of said first
process at a future time t' the data on the feed must relate to the feed into the first
process at a time t° which is up to the time t', and may include, for example, feed rate
‘and composition for all feed streams to be fed to the first process up to this time. The
composition of streams to be fed to a process may be obtained, for example, from
analysis in suitable feed storage tanks or in upstream pipework, such as from
flowmeters, at a time sufficiently before said streams enter the process. This data may be
ini)ut to the CFD model either by an operator or by an automated feed monitoring
system. The input to the CFD model may itself be the results of a model or simulation,

such as the output from a separate CFD model operating on an upstream storage tank.
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flowmeters, at a tinme sufficiently before said streans
enter the process. This data may be input to the CFD
worpaeh2wi4 her by an operator or by an aut onat eplcT/@B2005/002177
noni toring system The input to the CFD nodel may
itself be the results of a nodel or simulation, such
athd preseaotitrpyantidir lemtbe sbparage haCkR G elodebienatd tegpresict one
an ugstrea tqrage t ank. Th Fresent i pvention ha Eh
or mFHRIRBSRE GRAK TR TEED: AT Esant B 357 anivee Cout gier
(i), WIREEHR SRRALGd LS Al 1SR b) EotliroPb LGEEErsBPdce B Bre the
necessary to-act on said output either (i), where the
predgiatyrapdries @atpotsaiddirsis@dedsaror ajmhwh@te tbé sigmilatidni owgput is
process efore the redlc e ertles occu ald
usedffpr Gpigh %@b@goxlwroe? SYO WRHY E L Pistiria P EEF{%%
f. ss to which the
WEd# g;ggigﬁﬂgéEﬁgé f%égég&%ﬂggggggﬁe predi ct ed
. prbpenittiogsf saal Brsebf cond prosess dn sspand tptheddd3s mofke
control of said first or second process in response to
predicfjgn éﬁww&velper&r g BY ABAPTLOY ybm Al PWO'B@FQ&’?:%&S AR
7 < K » S <l
e i A S L
outpum&'l'mxtd&ehcscmidihtmns offi theufirptudr sbmﬂdhﬂmgaes titveayx equechilly iborisat the
of the first or second process, equal Iy be t

h
simyH@NOUHRN 1Y §F “BERIp @t MasFUEEce (hebibe oY G ccpod st
s r
operkB3ecb ] WS 08 ARAER L RIRGES I droBRETAL Bepesnary.
cmﬂﬂgﬁﬁmﬂmaclﬁaes&amythQﬁnannmhaMHonemanﬂaksnﬁhmeusm@m
generate a real -tine sinulati one or

pr Opsl’rU@ﬁJéF §3igErshprogegsdox ?l}bé?q“ﬁmo‘é@%sstgf‘o?tcs@b‘é é?fdé’ﬁtadﬂcﬁ‘édsby
runngno th% SJIP] Stion c%bﬁm%l Q)? bg?@ Eﬁ%@xﬂv @%’P&]Hl% t Qs&ﬂﬁatmn o)n a

I On con
reoutah Basd Meatia@m GMuRitios gu:.h @efrleb as ftﬁu&@m@ﬁﬂé[ té,t ﬁc an th]s way the
simulation at a series of future tines t3, etc.

 presqm invgnEOmERn glh@prﬁﬁ@%@aﬂmﬁowéﬁ@d BILEOA NI i %e .process

nggklﬁl%ﬁliﬁr;%é)?]p ﬁluo%(gﬂlt 501 1teX§1t lt%ttll#c{:]@muﬁylo{; glﬂgﬂﬁlly updates, such

SI’TEH

that letth@HﬂiuﬂatloﬁpﬂqiueSh a 6leh' KRatepngerahE s fimMlBtiodBontinues,
out put at a tine t 1 has been gener,ated, the
to ge@mm the siorletim ot dor 2 Bibsemertiitae  hehus, thy simplson at time t

may F u?ctilateg f ener%%gasl%qpﬁ&%: s%ﬁ@?tl n20f oTlg Uy motrchg gﬁ)k{ﬂék af éa%] first

ener at ear

proc&dsiuh @litenimd, 1QReiar is aneet’ ICHyQﬁﬂﬁﬂiIh(eﬁle efmsatish fortigte t' with
process at a future time, t2 which is after t 1, b

data gp dlagt fopdytar sae Bishpriogess Gatesh e ant tiln phig amaoweel%@e
51nn112§10tn|,]rtu§s (znﬁfolg le {Dep}:{_?rolgg 33 tI{%Q# gp {c{lffg%r?ce 1tn]t n’rflé’]get&*gen t
and ') 1'® vi2RFd @E sﬁ;ﬁllﬁtﬁtﬁl tﬁm&é@&cbﬂ(ﬂsﬁﬁeﬁlﬁ%ﬂﬁ@tlmﬁs t’iane tbﬁb\ﬂﬁlelﬁ
ten steczonds apart.

Altematively, the simulation may be run (re-run) to generate a real-time
simulation of one or more properties of said first process at future times, £, etc.,
which are after t', by running separate real-time simulations for each. Typically, each is
started after the previous simulation has run, although it is possible for simulations to be

started before the previous simulation and have simulations run in parallel. For example,

the simulation can be run to generate a real-time simulation of one or more properties of

4
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and t1) i.e. where the sinulation takes ten seconds to
run, the times t2 and t 1 should be ten seconds apart.
w@bdoenm@td vel y, the simulation may be run (re-PemBEBR@S/002177
generate a real-tinme sinulation of one or nore
properties of said first process at future tines,
said ﬁst ptocess awhifighredime,af, tvviclt is Ilflebfy yuarsii oy L et ateésured)

IR BRI T

time& 31IQUODnét chéh FRSRIBLEs §ifficdSdrrkiRt fronisus dmbRitish akd A,
before the previous sinulation and have simul ations

each lsumulatmrplalnabh eltim dfmﬂrméwa‘nﬁi B, lcStShbanstilmfpathe@'ﬂ?d@taﬁ(%@mnce
er g n e ar
in i Bupet eantr darahie die roelat tdt RN e Mirf s ¢
and t\'\’gl')(ﬁhd bS a@biE lentsedondR¥ipaiS 119811 &G ibtadubbd quent srimaﬁua@ct) start
data on the first process at atine t and data on the-
and dopgdett o Smied f i rst _process between tines t and t2.
Wiere each sinulation is started _after
 ohrargrroRn Ry ek AIsE bR FOR T gt Fay be
Rial @88 af PARd LHRIUEIYY upd@nYRLa:@Slation f
e ‘%‘QPW& chsgnl lh 1th e aet ween t?ima%r up )ngl . ]v\hélrlgnt(ﬁe
subsequen @he pendschkﬁvsr mewadbmrdxd, swrhragr, honlhéOHw\ngfsbx Zstarihg
t1 should be at en segonds apart | ow 't he
the syppade esee %P?ﬁuls%ftq% el SfechRa E%ﬂ‘a ‘&‘3 rqmagtigle L
meas‘ﬁ?&?&ﬁ@tﬁf @tl\o{%tthﬁe ﬁqg)yﬁctq@Ye}ﬁés%Qt P 8RE-°. FRrthis way, the
a similation may be run conti nuously using
new iditatpi (&Ilddialt @nab! ¢f taa dogonbiisiy ahrmymgmmmamgs tthéensures that
simul atjion for su]iise uent time periods ove vera
the GoBhRUSYSIY HEBIAS SIS dP 3P %fiﬁ@a’ewffipé?f?%tﬂw%@‘n HE
Condg Wl ation using a new set of initial data, which may
erived fromactual neasurenents. Effectively, tine
t Thé simugsieh it prefepble senor updnevl/dnidn'egdlal Banist frich apay a time
the new data provides a contro] of ,the, cont| nuousl y
Pcrl%ﬂﬁ?fﬁﬁ@e%llnﬁﬁ%ﬁ Oryery s (s trhat % A& )cont i nuousl y

glaﬁblmiuflﬁﬁfs Tlﬂee15@(@?0#&%998190%91@%%@&%@5@1@'pY&:e@sf or

condrtions. simulation s preferably run or

the dd)ﬂdaltrﬁﬁiy o5t caly sigulaionagiuss separateday adnn@rnmmcpler FQId
fromevery 1 second to every 60 mn C{%zs (i
exangyie {whegt B IR0 SrTBPe SO BT e "B kel Fespisany to

use (g:l%nqtfrtl?% ofl ut§‘ @Jchy [ hotk of 'év{fg(f@mnﬁ)treéjf‘o@%% Bkest B6ntrol. Thus,

st nmulati on outputs separ ated by a
the tlrﬁ@g@rodtdfrme §1ﬁﬂ1|l€&10n EMy exasiphen ihepéatt hB]CSSItG’mJlSa‘ﬂ famproess
repeated every 10 seconds, it y only rfecessary to
control, depending upon the required resolution of the control mod

The time step used in the computation is not necessanly a constant time step and
may be varied within the model according to the rate of change of variable in order to
optimise the computational time. '

The “one or more properties” of said first process may include chemical and/or
physical properties. Typical chemical properties include chemical composition. Typical
physical properties include, for example, density and viscosity. Properties may also
include the concentration of a dispérsed or second phase, such as water in oil.

The CFD model will generate a “property map” (or one or more property maps)

which shows how the one or more properties vary within the first process, for example,
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use one of the outputs every mnute or every 10
m nutes for the process control. Thus, the tine period
w®@tooshzi9s4 mul ati on may be | ess than the updat epeT/6B2005/002177
step used for process control, dependi ng upon the
required resolution of the control model. The tinme
a maptog heueckritntipmhef zmhqmutc@ltrﬁmnt withiota reetiengassel, yr g map of
constgnt time ste ied .within }he nodel

the SRRl 6 oot obint e S bt el aer

U ORsi z@p@& Jrivg ]%@ﬁ'@ﬁmlﬁl%htﬁﬂﬁllhetﬁlﬂﬁnoa&?ls OREctn iAAls@itable
properties" of said first process may include chem cal

reactammdyessel. physi cal properties. Typical chemni cal

PhyEieLireh eep ey o i BRLasPIPOR ol ar RSk ienisg

map\él" ﬁﬁ%h]tplﬁsxtxgﬁgﬂ@flﬁﬂl(ﬁﬁwﬁﬁi}’] 1B RQctidHOV & ahdR used for control of
concentration of a dispersed or second phase, such as

said mttecm iTihe oiriput Thide SEDntbetehani b ingaler ar exfanplpﬂbper ty
(or one or nore ert Ne :
‘rempteh)éms Rd pressise galﬁ?%}}/&g E% re\?gtll(gp \flﬁs%%i |J1 ¢ R\étpfl 1}%)(1 a]so Yinclude
the p?ﬁ&?@e%sof 11§eosrtreﬁ?flaeﬁiﬁ’tllrﬁ%j e W@ﬁepf&ﬁ&esaﬁp&ﬁﬁﬂtﬁ M aBr @ntrd! of
em cal reagent within a reaction vessel, or a map of
said tdaetiate nmhbylddfc axaildtie th e Op@“m@o nethe aot@nmb@ﬁ roeass wonttiln
vessel. In a first ect of the e
systen et Bnegiia conepngpeseb B ERE6on el T T ny
unde%ﬁ dfidnS 3 pﬂr@ﬁ‘icfé@sﬁglopeﬂafbr @r Q(Krﬁlfo@‘é}‘s?é;n ﬁﬁ?_@é’s‘p@ﬁ@to of
this first aspect, the output of the sinmulation is a
preverephaf odcheresnposi ti onal variation within the r eacti on
vessel and i.s used fol' ntrol of said reaction. .
o gtregrondibons may weligh et ompBom ey ot bie et esse
whidhle LRERELALHE ﬁa %iﬁ)bl%r(ﬁstr% [o8iv¥ E}‘llnﬂﬁswmchma{% 380w or too high
reaction vesse e outp t may also include the
a co@;feﬁ@ﬁl’dni @nefor ifoee shactaamoexi tataigstth@e\uesseble fBiwmpwperties,
said output is used for cont aid reaction, it

suchgts St regaongy @Y/ by Rich ayHey [3%% 8t 6‘?186?0‘? he aut onat ed
pAﬂgﬁﬁﬁvé“lg N 0lisdust o)e RS Qfeeoutt]g{ﬁ 10t ﬂ‘)@lsmcr\ngI%J bABSR the
occur reacti ol vessel, such that, if any

actuzul’tdﬁ&hbﬂﬁoc&()ﬂdi the osastian %spd‘lexﬂayaﬂbdv tht baerome papcewrcontrol
control system may prevent. th

. e e
syst%&qﬁm@ﬁé@hew@@w%ds @@aﬁdfpt MONDARE 1T HE fﬁ% f or

OE?ISI i sto SSQA’( Ofie fi\rﬂ\fgtno%'alET Fg i QE @) f(%ee%§ n})le\’\’fy'eg rx‘allt@'éﬁd

safe e or xp osive |
compé@vigort 00 all Gwdaitresng ihdlghing aﬁy)ftcgﬂt st&tamnfmf examplathe
nmore reactants or of cataly I;] ve unsui.table f

compqasg}mqf degsh” feed streams can be obtame rom analysis in suitable ?eed
storage tanks or in upstream pipework at a time sufficiently before said streams enter the

reaction vessel, and the composition of any recycle streams may be obtained from

" analysis of the recycle stream in the recycle loop at a time sufficiently before said stream

re-enters the reaction vessel. Alternatively, the composition of any recycle streams may
be obtained.frbm the simulation output itself.

In this first aspect, the input to f11e CFD model may also include data on other
process variables, such as catalyst activity, includiﬁg any changes due to, for example,
deactivation or addition of fresh cataly'st, where applicable, and temperature and

pressure conditions. For example, catalyst activity may be based on predicted
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such as static regions, and/or which may form hot- or
col d-spots. Alternatively, or additionally, having the
woniopar19i4 om t he simul ati on before the actual PCT/GB2005/002177
conditions occur in the reaction vessel may allow the
operator or process control systemto optimse the
deactigatot retes aodvdi plapwes inwpdughynciidirgb satalyst ped pdalyst | n
this first aspect he,data an,the f. I nC
omiet S gt R agtbs S SRRe B bR HERE k) PG Epecss
conditidrRaieh ak Medrébdedig t@nyerh@E/ 0] Bkt cRaNBL dehivagxanpl e,
the conposition of "fresh" feed streams can be |
~ obtasasend.fand preferagdy ginscl, ihedlibt RibEeSS fSeellEROPIRGESSIRAAKS
i@l BB PuRRRL Bho el POUBLBI L SR R0
vessCIGIR AR bhil@niredm IMicH BEMEh Qs 8ifERanh sBaydRRo@bs, dhd\@mhditions

>

fromanalysis of the recycle streamin the recycle :
of whisbpambe aptiinised bagefliopitehedmypdsdfoorad taguile straaamin this
. re-enters t reaction vessel. A rnatively, the _
s B PRI dre SRy RBg R s Bt petlnbRiash pESalt of Agmeced
prock§sQhrbes ySie MioR tHeQRc At RYdess bBYefthe bildi Birdarh bf &did
aspect, the input to the CFD nodel may -also include
compadi@ororadtch¢ie grovhwscasarsualbibesthe spemtaaor pecagsyontrol system

con AU e SRRVt B 00 AP o

pmc@gpl i cabl e, and tenperature and pressure conditions.
For exanple, catalyst activity may be based on o
pAedixempbideabe secand aspectatielse @matthbmvphiammeechprises, as the mixing

introductions of fresh catal yst, and catal yst . )
vesst R CU A9k S0 di AP S catas dHdgn gpit
PLecHai §H1-G0ANERS arke An i MBRY 2LEFS Ml fe‘ﬁrﬁ&{y. SKi@Rin@S are

increases I n tenperature to off-set catalys
fed Wiglactuide atlifom oheommseecomdt, oibyicrage whks, vdoch, ais pectare tadevith

first process is a mxin rocess .in suitable mxin
batchaseed 6rideial, Jorsamalerioan aET srabelise- ThiTS 2iedpifely severdl
crudtéggg?&ams %k REinYRII&e d}ﬁﬁlaaen Q! et stream which is

nas a teed to a second process the conditions of
whhehcrednoi stoaqcitmiksady typseldy bavetavapeotypdsiptto dA0,000 nHe

out| et stream_In this instance, the output. of the .
Crudg %ﬁg}piw@wbrtam@@ tepsds feds &o ths cawedﬂféﬁ Lafigp ugjt, optionally
afterSHE- oh ROPEE: 1&&%{&1@ SiY 8LsaM: PHweRE, RECQRGITY not

rocess before the outlet streamof said conp05|¥| on

possitdachaspiy hers&cshdoppocek spmpleathy, tahdt intshae dpgarat g crwie oil

.. process control system can optinl se the second process
withiZYol W e OB P o4 0% OF i RHEH EPaciy gl Rank Ipaigigyed in the

crud® %ﬁ%ﬂgag Q€ SHre tank is then refilled, for example, from a crude oil tanker.
Since crude oils can vary considerably in both their chemical properties, such as’
hydrocarbon composition and water content, and in their physical properties, such as
viscosity and density, the overall and local properties of the crude oil in the tank will
depend on the relative volumes and properties of the residual crude oil in the tank and
the “fresh” crude oil.

The propertiés of the crude oil are important since crude oil distillation columns
can be optimised based on them. Traditionally, it has been assumed that complete

mixing of the residual and “fresh” crudes occurs in the crude oil storage tank to give a
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An exanpl e of the second aspect of the present
i nvention conprises, as the m xing vessel, a crude oi
wermsagwi4 ank and, as the second process, a credBGB2005/002177
distillation unit. Crude distillation units are an
i ntegral part . of crude oil refinery. Said units are
hompogeneqys ﬁOIEP‘ff&éO”o DespifedRF S5 RESUHPtRES éf\'&*? en glixing fpeapleyed
in 1}&%Pm,odf\4?bﬁge ta é‘rc@m %1@01{(&1@ \)%)I Q]tpﬁttﬁgﬁﬂ%e&Je, \(éﬁen the
oil, for ex ron1 t anker or ere arc
crudeyppasadd tp '&H’\Nkr dalsu Itatiod eohmnin tht @f(ﬁn@ﬁlek dinkstheerud Sl aglary
tJon Each crude oil storage tank

' crude di st ni
_W“w?eatayat ‘:“P‘yl Tatagpevil] b Eéb'%\ep‘t“y“@f up to 100, 000 n8.

Ciyvge lp‘?d)ces§c SO ?rc@éﬂ{qﬁeﬂhbn %ﬁ@%}%ﬁ@ﬂ& P}(thh S‘fxf‘:ﬁld” Bad ocﬂ such

the crude distiflation uni ona
as tmxlefotlnmaﬁmutale f;kmmleada:ms'pipesmnn aiemnt}dﬁ]donsi;codﬁﬁ akd ﬁhi)ut to the
sual ly not. possible to

enp
Cf%mmﬁétocﬁ r”?fg‘é “‘?f’a‘h’E stegwplankel Y ChRdnode) B cpa@vw@@sls of the
0
1651%%%%@9?9 lgﬂhtehar& (Yr%}gygﬁlupnlgloﬁpggsggég éo&r?lef]é %}Fﬁé em‘ﬂ)[t'glmo of
the cStl(dH @ysotagakank T hed taloklaies tiehgopdraéd dfltedcrulionil ax aﬁmdﬁlon of
froma crude oil tanker. Since crude oils can vary
the posHionautp Re k- ghish Prorsrty nedpens vrdatqshrspaply.sych aigysry few
[ n d.in
mmx"ﬁﬁ We@%ﬁﬁg{uggp 8)& ee:‘ tdlg glgﬂlegufg%s\ﬁa ?L[de oglgé g{i]cﬁe’d Eh time (it
maydghesl4tourd d)'leloﬁ)g@ I‘t@bxhp'@zmi:rh&&@l taﬂk@ﬂﬁtrotal (ﬁ‘ﬁdfﬂ&l 5B At or
oil in the tank will depend on the relative vol umes
due mlw%@évﬁh pecupteviep eneeldip dilling has baen gimpleisd ahé ag am@rude
oil lél%ﬂﬂot\/gg flo T{ t%% nk? N/H‘%gg u%: trhl(jg%ﬁ(m {1}9 eﬂt 1'1]|e§|§dc?(>ifn61t m OFrL‘? r‘?ﬁg
mod@Elfohﬁe:Q:Qﬁlldrthéiﬁéffm&&db@llﬂclﬁlbamn the @‘}fﬂm@dﬂ’tﬂl ly, it has
been assuned that conplete mxing of the residual and
" fhe gpdelow e ulséecte spioperthaap’t pidde smde@:lowége thestikde @1

storaq'e Ya%kaé{? %Eot%gp ﬁl% %uc\g%onp?% Be 8lscharged ,%b]tf‘g"is étds §3& tPﬁ]ée %rpufa e

dlstlﬂdltionsltlﬂtr a@@am@ﬂkrlxtgwme @@I%@@@dnt fe@Bing dony ﬁfe}brl\Mct 41l fofaB€1tank,
t ank. ance when the crude is passed to a crude

and bynge a1 Bredlishtheolatiation dfdhpersgepil ifaktorthoenutn disg Huide wiit with

can vary with time, and the distillation will be

Sub-optimum In the process of the present invention,

t MBispi@BeRd bigorahity i thd dreddhdisll1da wRithe bs HGMIAS dp%ﬁéed
volunme, flow rate, chemical conposition, density a

baseg |0§ dessyariptign én ¢rﬁé@t>ll ptpp@ﬁ@s OFD troieforgkample, dra dmem Itis

know? 8{ ﬁg cc}x}eaélll gux 1lé]§or e um g mtﬁ) attﬁxgka F%hﬁ%?]]trﬁja "Ignl%sgngeent ﬁow '?hen
CFDehipbatdcans pRasedn 0ts ganl¥ I8furd, Whal Mg sedoAPHYk e Bfthe

tank will be at the end of the x hours. This has not previously been achieved with, or

time,

expected of, CFD. In the method of the present invention, no further measurements of
the state of the tank or adjustments to the model are made beyond the initial data input.
This is in contrast to the process of EP 398706, in which a computational techhique 1S
used to calculate one characteristic of the system at a time t° (specifically, number
average and weight average molecular weights) given the measured values of another
characteristic (e.g. the pressure drop) at that same time t°. Thus, the method of

EP 398706 cannot predict the required condition until the event has actually happened
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the crude oil storage tank), and cal cul ates the
properties of the crude oil as a function of the
weowst2ionm Wi thin the tank. This "property map"PEBGB2005/002177
updat ed regul arly, such as every few mnutes to every
hour, for exanple, as further "fresh” crude oil is
and %%%‘TW?’H has H%e“(‘ﬁlfelhay take 24 hours or longer to
e t le { :
Kﬁ’t&g{ug% L ﬁ(g\/e?‘lgls %Eé{]%e%r:r vﬁ \91‘[1%6%%&&??0 gvlgeaﬁcshé Eggﬁeéanon,
wheifel th¢ emde hﬂstob@ﬁalﬂOﬁﬁlemp&di’ amd résliddna batchiele comtinuoss or
rempved fromthe tank). Mxing in the tank nmay be from
ScmlsﬂiOdlénwWC%ﬁ“seée%al%ﬂow&e N%leleftb? cie o8 tHds hpwpg crude oil

fed 18 %hstcl écr]uﬁg Bﬂ%ggtol ﬁrﬁ@eedlgﬁpitgﬂ%ﬁ)h mthgmg&gsl?y and the

propert
p]'eselmtﬁlmentlmhenmlm& mhliseSEG}rtngyﬁe&ﬁ%p&fatlbﬂe time the
crude oil is to be discharged and as it is fed to the

ch@og rg%fieIrF(étﬂmBﬁdluwm of Y aressry AP IGWEhnd optionally
more; g@%ﬁ&qﬁ&qalffﬁ?@ﬁ}ﬂ% { %&ehsearg rrﬁjr?l dlril e?t orage tank,
and

ence can the crude oH

f Bdthis@nitodisén d;erld;lt gloidell b viaes alftlcbrdvblﬂtfﬂe dduiiee corftBihts and
gives the gpportunity for the crude distillation unit
perfgraapes eldbufiest Piocsptat pipseiulsasiey. il 4 seopdmiodeliipnsqdrfor -

51xn11‘t1:Jt1{6qe<1 g %ntpc(loﬁﬁcr ﬁ}s?ﬁh\é%lttgkes inptit dat%rf girgpascg{al plke)mf’il ontrol

cértain f

systemumnadoam theaohdifiknd Aith thOBFS pafced e@lc‘i/d%B ab bWl actual”
CFD may be used to predict, in |less than x hours, what
timet geasdhen ae @F‘quﬁéc n"aT his firsemiodeltipaot usadk disegtly fowarnst cantrel

. Th t
oG08, 8 P OB S B R R i

desctib@l RFB&EHH o) nmrﬁﬂsaﬂoda PnayWdonRr use® as bl F QIERE Sor@lol tA8de]
state of the tank or adjustnents to the nodel are nade

to mb@y@ml@f: adqeracnpt fhalprefbgted dwiputs fromhihe sp@ndnn@cb;hﬂflmwtcmd

RL9GESS, of - EP 7
secopdAHETES s FuEd FRedi & Beusien B SRR LRt
t i SY6HEMOAL] iaudddBr §imufRiBgiahil e8htol, afUEhS it AVBRRIGurrent
and wei ght average nol ecul ar wei ghts) given the

propertias wreferablyl hasel orf lhamgtrwmpr@matnesw“tcen |tlyt ﬁntst x@edfg ardhthe data

on Ui T st e 30T (1A seT S "6URaD SBRTATon of

the oHBbE mobdsropMeEns of ARl A&t ﬁx@l:és)é HaAnRen@dansuiaidEaRpEHepENt
has been taken. Althou t he' above has been descri bed

contrgi phsapkBseprocess ca fﬂlwmhl Qf)apﬁ@bmuhepaﬂss tmwhigh ¢hefitshprocess

oi l 0 tank is "enptied " and refilled in
15hn§§f@ﬁ8§V““8ﬁV%ﬁﬁ' "or sem -continuous operation is

ar I&SCFD%lﬁhlkﬂbﬁ‘@n whe gk (e ﬁl@ﬁ]aﬂbh iRk (bScABYId Wt specific
crude ol
property calculations, for example, it may link to a thermodynamic and reaction model

to predict physical properties and compositions.

The invention will now be illustrated with respect‘ to Figure 1 and the following
Example.

Figure 1 represents the mixing of crude oils in a storage tank as further crude oil is
added. The storage tank has an inlet, 1, positioned near to_the base of the tank and
directed radially across the tank, and an outlet, 2, also positioned at near to the base of

the tank and at 90 degrees from the inlet.
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fed to it, whilst feeding crude oil out to a crude
distillation unit sinmultaneously, and the present

wo mosmtivon can al so be utilised for this type BET/GB2005/002177
operation. In a nost preferred enbodi nent of the

ExallE ent invention two. and optionally nore,
—ﬁgﬁ%ﬁgutational fluid dynam cs nodels are run in

pafrgd k&hyf)utbtnoﬁali‘ in%i CARRM: TBRGdel & o 1 3[5 %Elc'mg%dcﬁf Q}ﬁ'u%%n f

record of the actual” contents and perfornmnce of
nﬁmﬁghsak@g@MQggeamkamp@ﬂﬂmmmwarmmKMEaswmdfﬁ)sﬁkond nDde

IS Esed for,glnulatlo ? grol F .rst nodel

t akBESiPRgh tartkelt 26 Frssrpedy Foxg et dnbosceipmeier 8 wrnd

hmglﬁrlﬁ 1medelnd hh@e ‘f)gﬂﬁisé bPih%s éf\f'ntxmlﬂn ﬁh?agshﬁq%@l (A ﬂ%%ecd ASw is

close as possible to "actual ™" tine i.e. as t are
equabtocthe pirthgy.floPhsishfthatshe stodet tank reodinufeld (& reqmtddyhé Qurface

o Gl BHESES 5 T RSSE ES  ap f

mhpn&gghﬁgcggﬁ@pﬁmgm%y rst nodel may al so be used as a
gquality control to nonitor the accuracy of the

pr dahkt ol e af chet partige fanbm ¢fHe6 sedianetenadeékhe okhlet fsiatsst(.@nd
second nodels nmay be refined further based on the
diamelery ni ng from any dlfferences The second nodel is
usleﬁx&gnn HembiakicaRcRRdy aRNhfePler and is input with the
current properties, pretfer “based on the current
pr Bixecdm@eatianaigtid eorh priss 9ﬁﬁﬁibde,lls afidohal da& andl’hcfdﬁelhe
feed, Fromithis informtion, the second nod
”mwg@h%frth'f ik gbytesmalles egbls avens pssdipppingdrihe wlet 6ﬁ@0kbtﬂetrmr e
& .
0 PRrEbh B b phlobah aRY 8P pre N HRET el lsed ey 0
umsfor control of a second process to which the first

process is |inked, FreV|ousI descri bed. The CFD |
i P APTAGH 1A YV ASi ikl THechenly syith e bt Gsgasry of 10

centlg(ggeas%(}:gﬁan%l'gs %E”‘?‘é'ofr%ﬁt{)%%%ﬁb% .&? 11%% 't% 01 nSWhlcPl h s a

er nodynam ¢ and reac
viscomivgef 4G00c Rareid qicctﬂ%yt&h\ﬁ@l of X QRes lixhtﬁiilu@é’tﬂm@@ﬂi@ @ikt ivi@ﬂﬁlet
The invention will now be illustrated with respect to

L at grvelgeiy af Hhe's (sauivglepopiangroExaifd) l@/s)@:i\@err%”olminutes the flow
of 0iléc§&%?§t8ﬁ}§e§i Brbcf“o 1 a“{s‘q?tgédaugéﬁgg]?o ﬁ’::gletachlé Oiaa}nlg ? r39% s?ﬂ}/aﬂr

urtner cru st orage ank

‘10m/s.nl et, 1, positioned near to.the base of the tank and

dlrected radi ally across the tank, and an outlet, 2,
al T8t dsshoivs Masreat tsribigingchfor He skuage 'é'rlk composition with time in

100 minute steps.

At time zero, the storage tank comprises only oil-a. Oil-c is then introduced via
the inlet, 1, and over the time periods shown by 100 min, 200 min and 300 min, the
composition within the storage tank varies to represent an increasing average mass
fraction of oil-c. However, it is apparent from Figure 1 that the mixing is not uniform,
and that higher concentration regions of bil-c in oil-a exist. At time =400 mins, oil-a
has been introduced as the inlet feed, and again significant non-uniformity in the mixing
within the tank is observed. .

This non-uniformity is also apparent from Table 1, below, which shows the

average concentration of Oil-a in the tank, and the actual concentration at the outlet, 2,

10
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the tank and at 90 degrees fromthe inlet.Exanple 1

The conput ati ona

desc

SRELNER R

fluid dynam cs nodel
walgpenziont sinul ation of mxing in a |l arge storEDEBr@EK02177
using Fluent version 6.1 as |he CFD code.
Figure 1, has a
%ﬁﬁ height of 17 m and for the

bed above for

is a 3Dtinme

The st orage

TablRyr pose of this sinmulation it is assuned that the feed

ow i s equal

to the outlet flow such that the storage

Pnnhufnflnnnl ﬂﬂ

d Pnnhrlcpc 96000 _ce

Tim¢ @niosy emai ns f ul |} . Avetdgerceneentredort he Sukdtagieontentiagion of
l'i quid coul d be all med to rise and flall as the tank
is filled and enrﬁﬁ By adaption of ﬂWéa@6HWﬁﬁ§ﬂF%%al

—grid) The inret gf the storage tank 1js of 0.6 m
dianeter, and the outlet is also 0.6 mdianeter.

0 Mxing inthe tank is effected by thginlet jet. The

|l s of nom nal

1003|ze 1n8 across t

t%ﬁ%ﬂm ority of the t

éh?ﬂ but snaller

200 cetts—were used—3
was run conti nuoy

o—tthe—+ntet—and
&' and an updated di

Wn%q ot I orI]IIC IIUdCH

300 9enerated every
Initially filled

@) sees.

The storage
only with oil-a, whi

tanIk was
ch has a

400 vi scosity of 10 d

ar a\ll tv (S of (@
\w | A"

é)rﬁtéi poi ses (cP) and

At tinmm + =0 nM
J

&.Specific

c - whi-ch hac 13
O AALB A B I | TIAAY

I Y U=

500V|SCOS|ty of 400

7\C L0 M L I e

@@7and a specific gra{wq

1%8

y of 0.9, was

fntroduced intot

of 10 m's (equival ent to appr ox.

hetank, via infet

1
2500 kg/s).

a velocity
After 330

dl

m AYEBSwn iMEalé OWhede stinblatomBSuiS ApPpethe canfhositibn at has

i ntroduced into t

he tank,

via inlet 1,
outless2, 1@ ke salcwdpigd matinting anging s g

stepsslg%rs%g )&{ [?togesg ?Mﬂ%'httfkh}q wtd cnlée omafr(g E t}}e

~ crud@® distlﬂatl(ﬁ i€ ciusbé b@ttrolllvd ﬁﬂﬁht@ﬁdry\[ irﬂl e&;ﬁtﬁlsé Meedto b&ﬂorcﬂﬂh@
over the tinme periods shown by 100 mi n,

at a velocity

J1stieh it sHbseRenoprogdss

gut[yt %ufteg sth asa

nprises on

200 m n and

crudgod reAches saktbsecompBOresson within the storage tank
varies to represent an increasing average mass

fraction of oil-c

However, it

1 that the n1X|ng i's not unlfornp

11

is apparent from Figure




and that higher concentration regions of oil-c in
oil-a exist. At tinme t=400 mns, oil-a has been

wo miosoziveed as the inlet feed, and agai n si gni P TE&B2005/002177
non-uniformty in the mxing wwthin the tank is
observed. This non-uniformty is also apparent from
Tabl e 1, bel ow, which shows the average concentration
of Gl-ain the tank, and the actual concentration at
the outlet, 2,based on the sinulation in Figure 1.
Table 1 As shown in Table 1, these sinmulation results
allow the conposition at the outlet, 2, to be
calculated with tine and in "real-tinme" such that
subsequent process steps in a second process to which
the m xed crude oil fromthe outlet is fed. such as a
crude distillation unit, can be controlled, if
necessary, in response thereto before the crude oi
reaches said second process.Clains 1. A nethod for
process control, said nmethod conprising: (a) providing
a conputational fluid dynam cs nodel of a first
process, (b) inputting to the conputational fluid
dynam cs nodel data on the feed to said first process,

Claiggi d dat a representing the S|tuat|on at an initia

1. t}\'m?tfjod fo‘?‘lf)? cEJ“&%n%P%mH‘Pﬁe‘?ﬂ]o r a real-tine
simul ation one or ‘nore proper es of said first:

(a) pﬁr@@ﬁlﬂﬁg zatmﬁplftmtﬁdﬂaEﬂtuldrfEfnalhﬂ:s naudd]l ¢f) ﬁﬂSSpﬂ@gestshe
Imulation for control of said first process or for

(b) c@ﬁt"r“@g totheogmpibgny bt dynamdcsmpéal dptaeont the &edﬁe s digst

plOC %, Jalicmfaq?le ?eseffmgﬁa@ g%a‘%%ﬁ al g{ ik %mcel talsm}}%l1am1% x%cﬂl
e s mul ati on 1€ run eon nuousf 10

gencgi@der @bletie s@allatidin® o BH hdtd g@p@ﬁ]epﬁesam fiffPpMcess at a
properties of said first process for subsequent tines
ﬁnm?@““%g #tt., and to give process nonitoring and

C\?sn 1£0r l‘%l s%v\\é%lajncgri fg? 'c%r?‘l'ro]%f mii‘}rl rt)'?sq I1)(:)(:%srosrodr tn ltgcon?ro? Pl@\ snécénc? r

sa
procéss e tvhphabe fsst pRgtyudeligke. or more of cheni cal
conposition, density and viscosity. 4. A method

2. aéewmdw@ccmﬁl%mg@ i bfwheran ﬂxeé@éwhah@n lan ﬁgnt\m@p@lv AT
repeattpcﬁ% ’?‘o g'”x'm%tté Qrea dmfl'éss%g*dapon (()‘Po or mmc IpS g)lc{qles ofsald Iust

rocess
procé‘sld ifdrafbgequent tlmes 4, £ etc., and to give process monitoring and control with

time.

3. A method according to claim 1 or claim 2, wherein the one (;r more properties of
said first process include one or more of chemical composition, density and viscosity.
4. A method according to any one of the preceding claims wherein the simulation is
used for control of said first process, and said first process is a reaction in a suitable
reaction vessel. _

5. A method according to any one of the preceding claims wherein the simulation is
used for control of a second process to which the first process is linked, and said first
process is a mixing process in a suitable mixing vessel which has an outlet stream which

1s taken as a feed to said second process.

6. A method according to claim 5, wherein the mixing vessel is a crude oil storage

12
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reaction vessel. 5. A nmethod according to any one of

the preceding clains wherein the sinulation is used
wofwoes/eontr ol of a second process to whi ch thePCirre2005/002177

process is linked, and said first process is a m xing

process in a suitable m.xi.ng vessel which has an
t‘"‘“kBﬂf?ﬁ@tse%‘}":aé’é?ﬁ%iscahmP%en;iléllgg"ﬁ'ogé]mz' feed to said second
7. Pr RCe5fel Gstef fOBL PR AC GBI ddghpri@ec! @i m 5, wherein the
m Xi ng vessel is a crude oil storagetank and | he |
(sleonuitgypoeEssmied targr g plitatidng] Auidshnymics mogel o a first
control systemfor a process, which conprises: (a)
REYtpuat er programed to run a conputational fluid
(?)ﬁﬁ@ﬁ&ﬁ %ﬁf@ﬁi @br iBput@ng td Gk cPMPERESHal (R BdyahRel moYsS &M@ on
or inputting to the conputational fluid dynamics |
thedetel tp sdidtfasignotdse shidetita ipreagrdingithestitystioe aisan ingigl dme t,

data representing the situation.at an initial tinme t. . .
sushli e ofol e S geRarin e PR A g HeaRip i i
ﬁ&ftplq)'a@ss%am{nee pROPertd es of said first process at a

uture timet 1. and (c)a controller responsive to

(s @nsbhe ragpoosive hdsadisiptdadionand séamded @ usi sl atrngatigrotor

control of said first process or for contraol.of. a
Qb AT GELBICERS UAPLIPIALOR] FSPRpPIGERnde MYiqh i it
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. whereln the ®ixing vessel is a crude oil storage.

to sdidisdcomdprobdss. second process is a crude distillation

unit. . : : - : :
A control system according to claim 8, wherein the mixing vessel is a crude oil

storage tank and the second process is a crude distillation unit.

13



