; &3eFF4A@H6~T 4 METHOD FOR SI MULATI NG A DI STI LLATI ON APPARATUS TECHNI CAL
FI ELD The present invention relates to a nethod for sinulating a
distillation apparatus. BACKGROUND ART Conventionally, there has been
provided a distillation apparatus conposed of a plurality of distillation

col ums for obtaining products through distillation-effec wﬂmmmmmmmmmtn of
a plurality of conponents contained i'n a materi al quuid n the
distillation colums are constructed separately from one anot ksns*t he

distillation apparatus occupies a | arge area. In a si de- colunn type
distillation apparatus, in order DESCROPTEON pressure with

distillation colum, distribution of vapor anDng the d'St'umﬁﬂwwﬂwmﬂm
must be controlled, with the result that the distillation ot be
operated stably. In order to cope with the above probl ens, thecexhas been
provi deETROR IFORI SIMUILAGTONG pp DTSTTSL.ATTON pARFARMUSH a Petryuk-type distillation
colum. In this distillation apparatus, an inner cylinder is disposed
within an outer cylinder, and a material liquid is fed into the inner
cylinder so as to undergo distillation. Manufacture of this distillation
appar atfTh€HNICAN VESLupporting the inner cylinder with respect to the outer
cylinder, disposing a |line 2 in such a manner as to extend through the
out er cyl i nddthe gresaintadmvemtd odreewt laded €d @ et hathdiorc\dimdertings aa
result, the structure of the distillation colum becones conpl ex, and the
cost ofdishellditdonldpparabhusppar at us becomes hi gh. Since sufficient sealing
cannot be established between the Iine and the outer cylinder and between
the feed nozzle and the inner cylinder, distillation efficiency drops.
Since the inner and outer cylinders are disposed concentrically, an exhaust
sect i oMBABKGRGMNDeART chi ng section each assume an annul ar structure. Thus,
the structure of trays to be disposed in the exhaust section and the
enri chi ng seConvanthienab®p, dhepeekas been provided a distillation apparatus
composed of a plurality of distillation columns for obtaining products
through distillation-effected separation of a plurality of components
contained in a material liquid. However, when the distillation columns
are constructed separately from one another, the distillation apparatus
occupies a large area. In a side-column—-type distillation apparatus, in
order to adjust pressure within each distillation column, distribution
of vapor among the distillation columns must be controlled, with the
result that the distillation columns cannot be operated stably.

In order to cope with the above problems, there has been
provided a distillation apparatus equipped with a Petryuk-type
distillation column. In this distillation apparatus, an inner cylinder
is disposed within an outer cylinder, and a material liquid is fed into
the inner cylinder so as to undergo distillation.

Manufacture of this distillation apparatus involves supporting

the inner cylinder with respect to the outer cylinder, disposing a line



| ir order to cope with the above problem there has been provided a
distillation apparatus including a coupling-type distillation colum whose
interior is divided by neans of a flat partition. The couplingtype
distillation colum is equipped with an inlet pipe for feeding a materi al
liquid to a side portion of the columm body, and includes a first
distillation section, which in turn ncludes an enriching section forned
above the inlet pipe and an exhaust section forned below the inlet pipe; a
second distillation section, which in turn includes an enriching section
connectiedstch andahnemes abowcandetimmh €hel @ftetrheylindetr, dasd idtitatching
section and an exhaust section fornmed bel ow t he upper end and | ocated
adj acemt feed triozzéaria ihegismat icyninden.heAsia stesdils| i tHeastouctmaet obnthehi | e
bei ng separated by the partition; and a third distillation section, which
i n turdisbillaEionacodénmn decogeseconmiex;oandctlesl dostantl the ridtabbaeidrhe
| ower end of the first distillation section and | ocated adjacent to the
exhaustapperatium betomdse hfighst Sin8edswffillciant cseaddngi @annafti be dxtiabdiskgrar at ed
by the partition, and an exhaust section forned bel ow the lower end. In the
above- tesweerhddedl fne |andt e aytpar eylisdea amd detakeh ithhel deed rfozdléeocarad si de
portion of the columm body through the inlet pipe, and a distillate, a
col ummithet omndr gyilindemddastildatéon efifjeidncamrbpsobtiincedtlze innert ampd
bottom and side of the coupling-type distillation colum body,
r espectouterycyimdeaboars désposétdadcentricalilyn appewhauats sentiivdi agd zan
coupling type distillation columm occupi es reduced area, and the
di sti | learichingokestictanatie asseratand asnaldry strherures heTlusst the sthrecture
di stillation apparatus can be reduced, and fillers and trays can be readily
di sposed, trhgselbp berhdispngedi $hi that exhaesti séehign Amdriiie |enridieing
distillation apparatus is manufactured, the apparatus is preferably
desi gnegchjompdetomes egmplerul ati on and eval uating the sinulation results.
However, no sinmul ation program has been provided for distillation
appar at uses havimigrateocgne ng-thypke ditstviel paohbemcdhera. hndgens pirov sded
approach is use of commercially available sinmulation prograns including a
gener ala éastillgtiion appansdusefineiudgngoa dtaplingttype disbnylatuicon catwmwus
simul ati on prograns, there has been provided

whose interior is divided by means of a flat partition. The coupling-

type distillation column is equipped with an inlet pipe for feeding a
material liquid to a side portion of the column body, and includes a
first distillation section, which in turn includes an enriching section
formed above the inlet pipe and an exhaust section formed below the
inlet pipe; a second distillation section, which in turn includes an
enriching section connected to and formed above the upper end of the
first distillation section and an exhaust section formed below the
upper end and located adjacent to the enriching section of the first
distillation section while being separated by the partition; and a
third distillation section, which in turn includes an enriching section
connected to and formed above the lower end of the first distillation

section and located adjacent to the exhaust section of the first



a’'sinulation programfor sinulating a distillation apparatus including a
mai n columm and a side colum in conbination. This sinmulation programis
prepared t hrough appropriate conbination of individual calculation nodels
relating to distillation. According to the program a variety of data in
connection with the main and side colums are input for performng
simul ati on. Through conpletion of sifrulation, flowrate 4 bal ances anong
a distillate, a colum-bottomliquid, and a side cut liquid obtained at the
top of the main colum body, the bottom of the main colum body, and the

si de oflishel ki teorc deetmiohodly] le depiegt sephyatedrbpehebparhétias, sAndilaat i on
results. However, the aforenentioned conventional programis devel oped not
for si awhausthsactdiont ifbraed ope kppdihat dowenceéndi nglm theupbovg=dggrribed
distillation colum. In view of the foregoing, an object of the present

i nvent doatiblatsonvappardfeisaf or eakeniadnédqpidbiefednto e siclevpart ooralof
sinmulation programis to provide a nethod for sinmulating a distillation
appar athe, co hemmetddyd thpeegh nthe cmdledt pape of and railditsitdd lahen & ablatninA ati on
apparatus including a coupling-type distillation colum is sinmulated.

DI SCL OBoRENOR 1wl | MuENT IsOeAcehrldianid ycant he ghtedead dthibatiam pobttdmies a
met hod for sinmulating a distillation apparatus including a coupling-type

di sti | badi side oifuithe heaaiplg ng-typeirdistadyabbers edlumar body i sedbectiteelyy a
partition into a first chanber and a second chanber, wherein a materi al
liquid is fetha abaverdesqrdbedodistiltladionl appanadeg; inctiding bhaceupking-

di scharged fromthe top of the colum body; a colum-bottomliquid is

di schaitypd distihltlaéibot colmwt achupies uredusedy aread anditde distillakidn s

di scharged froma side portion of the colum body; the sinulation being
perf or geduby cae log cpariabedasitehlpr ogfhws f dhesicastavifngha distillatiom
apparatus including a main colum and a side colum in conbination, wherein

t he topppirathis eanldecseduned,sandrfiidders and thaysrean kwineadily ddsposed,

thereby enhancing distillation efficiency.

Meanwhile, when a distillation apparatus is manufactured, the
apparatus is preferably designed by performing simulation and evaluating
the simulation results. However, no simulation program has been
provided for distillation apparatuses having a coupling-type
distillation column. One possible approach is use of commercially
available simulation programs including a general calculation method
relating to distillation.

Among such various simulation programs, there has been provided
a simulation program for simulating a distillation apparatus including a
main column and a side column in combination. This simulation program
is prepared through appropriate combination of individual calculation
models relating to distillation. According to the program, a variety of
data in connection with the main and side columns are input for

performing simulation. Through completion of simulation, flow-rate



5 first position provided in an upper section of the main colum by neans
of a first liquid flowline and a first vapor flow line; the bottom of the
side colum is connected to the main colum at a second position provided
in a lower section of the main colum by neans of a second liquid flow |ine
and a second vapor flow line; a material liquidis fed to a side portion of
the main colum; a distillate is diséharged fromthe top of the main
colum; a colum-bottomliquid is discharged fromthe bottomof the main
colum; and a side cut liquid is discharged froma side portion of the side
col umbaThrces mnaig andietbdtatonpr icedsmnapot tomgl iayuiidquaddda sstddututon
ratio of the distillation apparatus at which |iquid descending fromthe top
of theldquidioigatiypé alf sthid tapi off tha manini sodinst bobdyt ethd ddthemf of sthe
chanber and the second chanber as a liquid flowrate distribution ratio of
the di shihl cdliumm apipy adnds the shdeloft ithei gidesodmdhnbody pmeshectbyelof, t he
main columm is divided into liquid descending along a feed side section of
t he maicancid wiadmetl bsqsimilaedot aashétsi de col um through the first |iquid
flow line and descending al ong a side-cut side section of the side colum;
cal cul at i ng, Howe wercortdan af ovetnbnt henéd qeordyatitsionaiuprograat i 9, devalayped
distribution ratio of the distillation apparatus at whi ch vapor ascendi ng
from t hetbfor eimoflativg coddlsitidlslyimn dipparatad iimelodingma icougil $hg+tydgeed to
the first chanber and the second chanber; inputting the cal cul ated vapor
di stri kbastolataon cdsman appropriate vapor flow distribution ratio of the
distillation apparatus at which vapor ascending fromthe bottom of the
columm i s diln ddewi of ctheagaregetesndiarg caljecy dheheepreserde iswehtdbon dfort he
mai n col um and vapor fed 6 to the side columm through the second vapor
fl ow | sndvang tkeeafforgmet timndderabdemcon shdeceruendiowd ] tdimsiatsl aapl umm;
and perform ng sinulation operation. According to the sinulation nethod,
t he | i grograh sisr tbutrowidead inetand f@p@Eindlstingbat d st irldat bomfappheatus,
coupling-type distillation colum are converted to the liquid distribution
rati o &heé wephoddspeedbngi oompaéetbonfof heimel at tat wherarad d et Sl et icol um,
t hereby speedi ng conpletion of sinmulation operation. The present invention
provi deppanatimerincgtiitng farcosiphihgtiyng didtsildtian onlapparsatsigulatddidi ng a
coupling-type distillation colum having a col unm body whose interior is
divided by a partition into a first chanber and a second chanber, wherein a
material liquid is fed to a side portion of the colum body; a distillate
i s di sOASCIEVREr G ThHie INENTIONt he col urm body; a colum-bottomliquid is
di scharged fromthe bottom of the colum body; and a side cut liquid is
di scharged frimoerdinglper thenpokesemnt dolvant bonyproneédssmal aeitdvdbdiamn
performed by use of a simulation programfor sinmulating a distillation
appar asigulediing ry dishihlasionn appdra tgisiel nol wdhng nacosbipddtigort,ypher ei n
the top of the side colum is connected to the main colum at a first
posi ti cispibldtden calum bppbng secolwin dodyhéharg aAnteriam ibydiissed by &
first liquid flowline and a first vapor flow |line; the bottom of the side
col um pestEbinnednte a dirhe chamberotiying gecend ebembeposinerein i oateeirl n a
| ower section of the nmain colum by neans of a second liquid flow line and
a secordawagoisfiesy 19 gesidenpertion afi dliedcpsunedadya asiddetpdbiatenisnf the
main colum; a distillate is discharged from 7

discharged from the top of the column body; a column-bottom liquid is

discharged from the bottom of the column body; and a side cut liquid is
discharged from a side portion of the column body; the simulation being
performed by use of a simulation program for simulating a distillation
apparatus including a main column and a side column in combination,

wherein the top of the side column is connected to the main column at a



the top of the main colum; a colum-bottomliquid is discharged fromthe
bottom of the main colum; and a side cut liquid is discharged froma side
portion of the side colum. The simulation nmethod conprises inputting a
liquid distribution ratio of the distillation apparatus at which liquid
descending fromthe top of the coupling-type distillation colum is
distributed to the first chamber and®the second chanber as a liquid flow
rate distribution ratio of the distillation apparatus at which liquid
descending fromthe top of the main colum is divided into liquid
descendiingt ghamigivheprdforededi ite anenppean settidre afaithe amdimmodumsh Ibygmeéshs ed to
the side colum through the first liquid flow line and descendi ng al ong the
si de- cwif si fliersfedtigoid dflawhéise dendcal filrst calpounl Atdwnd ieqyi ttad dottdn anfet er s
of the first and second chanbers of the coupling-type distillation colum,

r especttheebyde i opuimni ng tbhenectierultat €He emar v alodnmndatnetssconds posi tiion

di aneters of the main colum and the side colums, respectively; and

per f or progideduimta dowepresatibon @€ cidredimagnt ool tren shyruleanisonf net sechnd he
liquid distribution ratio of the distillation apparatus and the equi val ent
di anet drigudd ftlog &theeramdsaofeddned vapgrt ifigwt Yie ;deshatdrdail obiqolduds fad
converted to the liquid flow distribution ratio and equi val ent di aneters of
t he maito aosidm pomditheoBithe malinnenlunngr abyispEdditagis odidattargad of rom

simul ati on operation. The present invention provides still another nethod
for sirohkatoppfa tdiesnaih atalomngppac@turs-bottomi higiud dc 0spd isupargpd from
distillation colum having a colum body whose interior is divided by a 8
partititbe bofttwmaofitha mahnndelumandard sesddd altadbquid vikedéschargedt Eroml
liquid is fed to a side portion of the colum body; a distillate is

di schamlgeiidé mortiore afophefsideecebimmm body; a col um-bottom liquid is

di scharged fromthe bottomof the colum body; and a side cut liquid is

di scharged fThensimildéipornethodicombeises uinputddyg &hkigiidilddstohbbeior
performed by use of a simulation programfor sinulating a distillation
appar atrasio mefl gendistitdahicmlapparatus atswdéecke dliqoid idescentimgtfirom, théer ei n
the top of the side colum is connected to the nain columm at a first

posi t i deppedwihdedoupl iag-typeedisttllabionfcalvennis misttibutedy toezoes fofsta
first liquid flowline and a first vapor flow line; the bottomof the side
col urm chemeein readt tle tsecond ehdmberoasirm ldguid sfowndaposiistobbytrion datido n a

| ower section of the main colum by neans of a second liquid flow |ine and
a secod ¢hpotistiduatior;apparatesial whighi digeid egscending daeopotheotomf t he
main colum; a distillate is discharged fromthe top of the main colum; a
col um-fothemaingapduns ig dividebdntoohiquiel descemdiole ahengre feedl sidg and
a side cut liquid is discharged froma side portion of the side colum. The
si mul atseghioreiothe agni eekimnnpod tiiqyid fadytpdthe sidemalusn thndughothe he
distillation apparatus at which l'iquid descending fromthe top of the

coupl i Agrsypbiatiist flowatline and wiarcdendingtaldngt adsideché sidstsechaabeaf and
the second chanber as a_liquid flowrate distribution ratio of the

di sti | Ithei sHeappavmtusadeulatiiog, | imacaoaiancendity theokiquid distributien main
colum is divided into |iquid descending along the feed side section of the
mai n cdBbAR, aRdvEPRi gt hud ionerstde ebl e dintdlddmtine apparatugatd f1 ow

| i ne and descendi ng al ong the side-cut 9 ] o )
which vapor ascending from the bottom of the coupling-type distillation

column is distributed to the first chamber and the second chamber;
inputting the calculated vapor distribution ratio as an appropriate
vapor flow distribution ratio of the distillation apparatus at which
vapor ascending from the bottom of the column is divided into vapor

ascending along the feed side section of the main column and vapor fed



side section of the side colum; calculating, in accordance with the liquid
distribution ratio, a vapor distribution ratio of the distillation
apparatus at which vapor ascending fromthe bottom of the coupling-type
distillation colum is distributed to the first chanber and the second
chanber; inputting the cal cul ated vapor distribution ratio as an
appropriate vapor flow distribution Batio of the distillation appar at us at
whi ch vapor ascending fromthe bottom of the colum is divided into vapor
ascending along the feed side section of the main colum and vapor fed to
the sid® ¢heusndé hcolgin tthoaghotie vegrnd vapoki Ntownliras ecerddaggend g t he
side-cut side section of the side colum; calcul ating equival ent dianeters
of the dliongt thndsiéeorult chicddheses tdbnt b€ thepsidg-dolpandi ahidl batfonmied um,
respectively; inputting the cal cul ated equival ent dianeters as colum

di anmet exisuddtidmeopmratioal urm and the side col unmms, respectively; and
perform ng sinulation operation. In any one of the nethods of the present

i nvention forAcziondiamg ig &hei stimullation mpphodt ushet héquid hdilstmibitidher
conprise calculating a difference between pressure | oss arising in the
first adauibeandnvhpdratdistribugiom ratdéosef otite drupiéngoetypdaliciiglabien ype
distillation colum; inputting the calculated pressure | oss difference as a
di f f er erdleanbetareercqmessiad fostharl squiyd i du g threi bt iore atatnio aavdd tvapor
arising in the side colum; inputting a target value of the pressure |oss
di ff er elicgtribod ionpoatiogB tHeowaiat eobdlimuamod theaiseidid codsmandthepaby he
bott om of the coupling-type distillation colum and to be fed to the second
chanberspasding lcompi et nobdf veipmil af dsh fopenatiom. mai n 1 0 colum to the side
colum through the second vapor flow |line, wherein the vapor flowrate is
cal cul at ed i fhehpresent adtiventdper providesi@nothatr héehgd ekmusdmudasing a
difference assunes to the target val ue. BRI EF DESCRI PTI ON OF THE DRAW NGS
FI G 1 distdltehteptaplarater bic ludimgpbi aguplimg-diypei diatibatdenuonlafn a
distillation apparatus to be simulated by the sinulation nmethod of the

pr esenthawingnai colunf Godg Whose cimfeetribralisvdemided byeadpattiitiiani anto a
apparatus to be sinulated by the sinulation nethod of the present

i nvent ifdrstHtl@mnk@eri snd asisesond Ghatbsrj [Whetreon amadeaiak fignidhisfetheo
simul ati on program enpl oyed in the sinulation nethod according to an

enbodi reestidef potteiopr ef ethe icmtamn i odyi;s adéisfiidiete amdliEcarged Sranf thewhar t
showi ng operation according to the sinulation nethod enployed in the

enbodi mam off théecqpuemehody niee wolonn-BESDHVDDEL FOR SCARRYhAICE&dUT r'okELhe

| NVENTI ON The enbodi ment of the present invention will next be described in
det ai | hettionr ef eflencoluont bedylr avdngsside cut liquid is discharged from a

side portion of the column body; the simulation being performed by use
of a simulation program for simulating a distillation apparatus
including a main column and a side column in combination, wherein the
top of the side column is connected to the main column at a first
position provided in an upper section of the main column by means of a
first liquid flow line and a first vapor flow line; the bottom of the
side column is connected to the main column at a second position
provided in a lower section of the main column by means of a second
liquid flow line and a second vapor flow line; a material liquid is fed

to a side portion of the main column; a distillate is discharged from



FI'G 1 is a conceptual view of a coupling-type distillation colum of a
distillation apparatus to be sinulated by the sinulation nmethod of the
present invention. FIG 2 is a conceptual view of the distillation
apparatus to be sinmulated by the sinulation nmethod of the present

invention. In the drawi ngs, reference_nuneral 10 denotes a coupling-type
distillation colum. The coupling-typ@ distillation colum 10 includes a
first section 11, a second section 12, a third section 13, a fourth section
14, a fifth section 15, a sixth section 16, a seventh section 17, an eighth
sect i onti8, tandfathe mdirs eofiuon; 19 colamohbetrmiliposédis isbhavgsd ifreim
direction in this order. In a colum body of the coupling-type distillation
col um tke bwtpantof ithe B2indicoldes; tdand fosideh cabcliquidldsi discharged sftrom
chanber 14A and a second chanber 14B; a partition 23 divides the fifth
sect i onal&idenportidn pftthehaitdercdlbinand a second chanber 15B; and a
partition 24 divides the sixth section 16 into a first chanber 16A and a
second chanbéthel 8BmuTakidn metthoHaobepsi sedA-ihpAthirg adjldgentd dbstidbutdonnd
chanbers 14B-16B, respectively. The first chanbers 14A-16A constitute a
first dratid lofit the dettlbati2h appardtiussat sdoichohidiiid descamtiogdfsactthen 12,
the third section 13, and the second chanber 14B constitute a second
distill btp @f $ketdaupl2eg-typd dixtiddebdbimh chaumreris dbErhdtddRo the BinsEnt h
section 17, the eighth section 18, and the ninth section 19 constitute a
thi rd dckanbdraandrtisesecand Zhanber ad p, lidgelddlowt rabes d28tRibutdan reatriade
heat insul ating through enpl oynent of a design such that the partitions
22-24 apf fthe westollatiomapparatus mdt ehieh biquddddescendsimgh fromt thehebop
interiors of the partitions 22-24 are nmade vacuum In this case, since
there cafi the rmsducedlhpat is rdisidessilofobdiqeih démecendisg shamngerhel £&ednd

t he second chanber 14B, between the first chanber 15A and the second
chanber s168, secitidretae drha ma i cstl uahaabhdr 116Aidnfied Heo st el deh acdemnl 6B,
the efficiency of distillation can be enhanced. The fifth section 15 is

di sposethsough diei Alirgt atiquie fénweling andl d2scending along the side-cut

side section of the side column; calculating equivalent diameters of the
first and second chambers of the coupling-type distillation column,
respectively; inputting the calculated equivalent diameters as column
diameters of the main column and the side columns, respectively; and
performing simulation operation.

According to the simulation method, the liquid distribution
ratio of the distillation apparatus and the equivalent diameters of the
chambers of the coupling-type distillation column are converted to the
liquid flow distribution ratio and equivalent diameters of the main
column and the side column, thereby speeding completion of simulation
operation.

The present invention provides still another method for
simulating a distillation apparatus including a coupling-type

distillation column having a column body whose interior is divided by a



t he coupling-type distillation colum 10. On the side of the colum tower,
a feed nozzle 41 is forned at the first chanber 15A, and a side cut nozzle
42 is formed at the second chanmber 15B such that each nozzle is

comuni cated with the correspondi ng chanber. The first section 11 is

di sposed at the top of the coupling-t%pe distillation colum 10. A vapor
outlet 43 and a reflux liquid inlet 44, which are connected to a condenser
81, are formed at the first section 11. The ninth section 19 is di sposed at
the bottom of the coupling-type distillation colum 10. A col um-bottom

| i qui d parttigtiodSietnd aafveporchamber atd, awbeéaindackamtmemeaherk iro aamataramdr at or
82, are forned at the ninth section 19. The coupling-type distillation

col um 1liquidieixdiedensea 8ide thrertdwapofatbe &2lumet bodygnatdistiEllate is
distillation apparatus. In the first distillation section 25, the first
chanber digehatigedo §ran dthwy €ophef f 8wl codrmh ebetly ;f ar nelamn-dotitohi higwiek tison
ARL, and the first chanmber 16A di sposed bel ow the feed nozzle 41 forns an
exhaust dssaltargad ARZm thet hettoacoficthd soillmathody ; s&nd iaosid6, cuthéigeibrig
section 12 connected to and di sposed above the upper end of the first

di stil | dischargedt fmom 25side merénoemii chencplmnt body ;ARRe similatéos duozimg
chanber 14B fornms an exhaust section AR4. In the third distillation section
27 t he perfomhedhbybese DFBaf simsladior npragrangfsecimiatiRtg addsthelatiignt h
section 18 di sposed bel ow the lower end of the first distillation section
25 f or nepparatumlsic ladéngoa mids cad utiesend bads &\oe lumhe inppenb bt ioh,t he
first distillation section 25 is connected to the substantial center of the
second dherdin &he doseft tha e aptimnhés| camnectad fof theeméin soldinstat lkat i on
1 3 section 25 is connected to the substantial center of the third

di sti |l | &irsth posétiam pzovided tinean upperoaetijinne df cthgpimaiy- cyhumndbygtidanst i on
colum 10, a m xture which predom nantly contains conponents A-Cis fed as
a mat er PAla filqstdliquic gdgk tine fapdda mtevanowrﬁouggmeﬁﬁk@ botkom iof

boi l'i ng point than conponent B, which in turn is lower in boiling point

t han cob’ger@ide colamnpopernrnestedcbosthe umadnf codumn ratowgisechnd dpesifioment s.
The material liquid Mfed through the feed nozzle 41 descends in the
exhaust pseviderh ARz, lowerngecshiarh ofapbe math ¢colwowmbynerassofirl ®daond
generated in an upper portion of the exhaust section AR2, and liquid rich

i n conpoéhewids fBownkine asd gemeacanddvdaporafilomeringeraimatersfal heiguitdaistfed
section AR2. The liquid rich in conponents B and Cis fed to the third

di stil | &0i dreigecPPBhiQy dfr dhet heln ewdiumanda giistid 1pte sis diischprged dirom
section 25. The liquid rich_in conponents B and Cis heated in the third

di stil| &he ok &dt tha min ¢odEBniea \edomnrbettom ldanpénkstdisghanged. frome

t hus- gener at ed vapor ascends in the exhaust section AR2, during which the
vapor c&he katdomnhefl ffeempdn qalyuny and casiimguiapbiuid dB discwrpederion A
and B to evaporate fromthe material liquid M The vapor rich in conponents
A and BaaSkdn@ertipn Bé ehe isdHenePls@Bti on ARL and is then fed to the second
distillation section_ 26 fromthe upper_end of the first distillation
section 25, ame iS§imEdabeer drethedocPmplises ilePULhiedmoianid Alabeimitivnough
cooling in the second distillation section 26. A portion of the liquid rich
i n conpsakin IAthediptidlakiqnRpRararushat ericthilhguid depeandiRe §somsthen be
broughttgg of the coupling-type distillation column is distributed to the first

chamber and the second chamber as a liquid flow rate distribution ratio
of the distillation apparatus at which liquid descending from the top
of the main column is divided into liquid descending along the feed
side section of the main column and liquid fed to the side column

through the first liquid flow line and descending along the side-cut



14 contact with vapor rich in conponents A and B ascending in the
enriching section ARL. Thus, vapor rich in conponents A and B can be fed to
the second distillation section 26 fromthe top end of the first
distillation section 25. In the exhaust section ARG, liquid rich in
conmponents B and C descends, during m@ich vapor rich in conmponent Bis
generated in an upper portion thereof] and liquid rich in conponent Cis
generated in a lower portion thereof. Accordingly, the liquid rich in
conponent C is discharged as a colum-bottom|liquid fromthe col um-bottom
i qui d side etect5oA pbrtherside theéunnl waldudatong) i Juiatcdirdehee gedkt rubm t he
colum-bottomliquid outlet 45 is sent to the evaporator 82, where the

| i qui d 1$qhédt €d str Heebienvapédori @h vapeconpbeert bGt itre rafpbo of chhien
component Cis fed to the ninth section 19 fromthe vapor inlet 46. Wiile

t he vapdistildationcapgacaéns & addehdsapar tbeend irtgh feent tlom bb@tamdof Hde
exhaust section ARG, the vapor rich in conponent C contacts liquid rich in
conponentyp Brgntiyge dimisilligtiaporolumphisndtstpiduéad ® tthebd igshectemberf r om
the liquid rich in conmponents B and C. Then, a portion of the vapor rich in
conponeand Ehs cmedndi nhahkeenringhitig ngethe ora JARE] a tadr vagonhd tstimitdont i on
of the vapor rich in conponent B contacts the liquid rich in conponent B
from t heaséoconsd dirstappropohasectviapor2e bowt déstpibutdrmh afathe ofi the
distillation section 27 to thereby becone liquid rich in conponent B. The

l i quid distililatéonpapramatss ot aliel wparhasoepding ddonf thehdothomdof the
distillation section 27 is discharged as a side cut liquid fromthe side
cut nozebdkumn 1is5d4ided inte wapemssceadingnmlARE thet fired eddedsectian loft i on
section 26, liquid rich in conmponents A and B descends, during which vapor
ri ch i nthenpairemolAamnsagéneaparedest tanthppeidparaliuom theowgh, thedsddondi d
rich in conponent B is generated at a | ower portion thereof. The liquid
rich i nvepepdilent 1Bnebard raateadingeal@vgrthengdide-cife siskcosectien idf dthieon
section 26 is discharged as a side cut liquid fromthe side cut nozzle 42
Then, t Aéde agsoiumni; cpaleuledipgneaiivalestedizngtienshef ebine dhinsg srdtsenondr3
and is then discharged fromthe vapor outlet ~3. The di scharged vapor rich
i n conpohanbensi ef sehe couphingoivkssbirstgil lathare adlammpaespecédvédysed
into liquid rich in conmponent A. The liquid rich in conmponent Ais

di schar geputising dhet celeaukatenss equivalentd dilspesersapdrecaliugh dhavetpshedts A
and B is separated into vapor rich in conponent A and liquid rich in
conponefihe Buain mahnnofandhéhsesddd e bunng atrespessdvedli; 28nd mer Regpomgr i ch
in conponent A is discharged fromthe top of the colum and condensed into
li quid Bimhlatiogovpsaaéh®n.A. The liquid rich in conmponent A is discharged as
a distillate. The liquid rich in conponent B is discharged as a side cut
liquid fromtHe sage ene wdzAhke megﬁqdﬁd off drhe npeeApdtentven hhanclioy
separated into liquid rich in conponent B and liquid rich in component C by
means oflmpkating @ distillatiiosnapparabis2theTpethegunay duekhen eompvivent B
is discharged as a side cut liquid fromthe side cut nozzle 42 The liquid
rich i nCebpbieiite @ A4 f§PEenee refwesna PEBPERTE I AN1LSdnBdin r e thieShot t om

of the col um. o . .
chamber and that arising in the second chamber of the coupling-type

distillation column; inputting the calculated pressure loss difference
as a difference between pressure loss arising in the main column and
that arising in the side column; inputting a target value of the
pressure loss difference; and inputting a flow rate of vapor caused to
ascend from the bottom of the coupling-type distillation column and to

be fed to the second chamber as a flow rate of vapor fed from the main



In order to enhance the efficiency of distillation for conponent 16 A a
portion of the distillate discharged fromthe condenser 81 is refluxed into
the first section 11 fromthe reflux liquid inlet 44 and brought into
contact with vapor rich in conponent A ascending in the enriching section
AR3. Notably, in the coupling-type distillation colum 10, each of the
enriching sections ARlL, AR3, and AR5 and the exhaust sections AR2, AR4, and
AR6 is forned of a filler including a single node. However, depending on
relative volatility anmong conponents to be obtained through distillation,

i n or decotwnmattaiche t sisden wolemn ofhndugbr 6hé cegcardaygepor efidw ddnéprwherein
distillation, a filler including a plurality of nodes may be forned so as

t o prodtioe Vapbreflgw optetiesaloubatadgsed. the simudatian operationnayciethat

di sposed between the nodes. Furthernore, the feed nozzle 41 and the side
cut nozthe pt2sauee dossndiddsrandd wsdusgodedthe targetarmsdueevel . As descri bed
above, the material liquid Mcan be separated into conponents A-C w t hout
use of a plurality of distillation colums. Since there is no need for
repeating heating and cooling in a plurality of distillation colums, the
nunber BRIBFhSEPCREHRTIION GudWEaBRAWIN6Rdenser, an evaporator, and a punp, can
be reduced. Accordingly, an area to be occupied can be reduced, and the
anount of conBlGpt] obsod erndeptiwsl anickw ofS e umdmngy type dd stdddesd oas
wel |, thereby reducing the cost of the distillation apparatus. Preferably,

t he coupblumy tofpe distillafticonappavatus Cohke simelatiewmbyalbbet sBoulainion
theoretical stages, and about 5-30 theoretical stages are allocated to each
of the hethed afedthicopredenndinventsionshFiect 2 oks a ronceetuakbanign Iaf, thee
third section 13 includes a collector 54 and a channel -type distributor 61.
Li qui d dbstiddissdonyapparatos| exther staulatedi Syr theitsdiculatiore neithed ehdieer
14A and the second chanber 14B of the fourth section 14 in predeterm ned

di f f er eprepent i onvensjioneahtGof3 tife adivdewi pfitardigtillation apparatus for

which the simulation program employed in the simulation method according
to an embodiment of the present invention is developed; and FIG. 4 is a
flowchart showing operation according to the simulation method employed

in the embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

The embodiment of the present invention will next be described
in detail with reference to the drawings.

FIG. 1 is a conceptual view of a coupling-type distillation
column of a distillation apparatus to be simulated by the simulation
method of the present invention. FIG. 2 is a conceptual view of the
distillation apparatus to be simulated by the simulation method of the
present invention.

In the drawings, reference numeral 10 denotes a coupling-type

distillation column. The coupling-type distillation column 10 includes



The first chanmber 15A of the fifth section 15 includes a collector 62

di sposed just above the feed nozzle 41 and a tubul ar distributor 63

di sposed just under the feed nozzle 41. Liquid collected by the collector
62, together with the material liquid Mfed through the feed nozzle 41, is
fed to the first chanber 16A of the sixth section 16 by neans of the

di stributor 63. Meanwhile, the secohd' chamber 15B includes a

chi mey- hat -type col |l ector 65 di sposed just above the side cut nozzle 42
and a tubul ar distributor 66 di sposed just under the side cut nozzle 42. A
porti onaofindtqeedtion | €gt adsbyoridesectatibrct®y HEhisddsesethiangéd, as fowsitile cut
liquid fromthe side cut nozzle 42, and the remaining liquid is fed to the
second séctriver 146Ba bfiftdasecoion Hé ,diassixtiutsactibn iy theseweneh ddutisavent h
section 17 includes a collector 67 and a tubular distributor 68. Liquid
descendihg dr enghtle seckidn slégt and &l Giinsh csddtdohetd bwhibk &rd lddsposed dnand
is then fed to the eighth section 18 by neans of the distributor 68. In the
coupl i nthe weetical idirettiom dnl this dBder.i qui d descending to the third
section 13 fromthe second section 12 is distributed between the first
chanmber 14A dmd at helsee dmmtiyc lodnbbe depbiyngmbgps distillla® ibhecol i i1yt ar
61. A distribution ratio is pre-established on the basis of distillation
condi t i pasitdonh2agdivtides yiee dbuctimzectnors 1df ihbe ardtiest athdnbgri tiMandhe
conposition of the conponents of the material liquid M the nunber of

t heor et a csdcomtlagiessmbet 4B eopartiitjohy?® ddivided Ithei Hiftlokeabid), Saitd he
required purity (quality) of a product. The distributor 61 includes an

uni | | usfirgtedhdmber bl and seddond Cloambéirsf BBbundhg bantitiann2d divielesi on
perpendi cular to the partition 22 and is adapted to nmake the anount of

li quid tleel dicxthnseqdpen porirtonaofindte chamier dbandmed al $éAcamdl dhambarolf®. of
liquid fed to an upper portion of the second chanber 14B differ from each
ot her. Tog dlilrgf chambershtlmflodearatddgacdntitue that sédandi dhambetiss thBrigdd from
the side cut nozzle 42, the anmount of liquid fed to the second chanber 14B
beconesrgspacéd velgn t hBhef drse chanhenss thanbéhA tconstienteia bHidef to
obtain products of two or nore kinds, distillation conditions are to be
nmodi f i edistiltlaéidnssedtiam @b; aplparfbimss, setkiaf dilenthe i samhddssctidrutliZon
rati o nust be changed according to the distillation conditions. To neet
thi s enthe atlpind skectyonfl3 snd bhei secaetichanbenf 1 4B fdarséitutie sa rsdmenidon
rati os are di sposed. Liquid descending fromthe second section 12 is

col | ect dilshyliseicvlsexition 26 ;amtdi $hehsacertl echanteéys f€aB tand HEB, the
distributor 61 via a selector valve 83 or 84. Since |liquid can be

di stri bageenth saediopt il funthie stighil sentiani b8 mams \thehnongh segtiopmd®t of
the distribution sections, there is no need for not only disposing nmany

i nst runepnstitutern ddind distliyrationasectoioncagtrol ler, a flow control val ve,

and a | evel sensor, for
Notably, the partitions 22-24 can be made heat insulating

through employment of a design such that the partitions 22-2U4 are formed
of an insulating material or a design such that the interiors of the
partitions 22-24 are made vacuum. In this case, since there can be
reduced heat transmission between the first chamber T1UA and the second
chamber 1U4B, between the first chamber 15A and the second chamber 15B,
and between the first chamber 16A and the second chamber 16B, the
efficiency of distillation can be enhanced.

The fifth section 15 is disposed substantially at the center of



19 distribution of liquid, but also executing conplicated control through
operation of the instrunents. Accordingly, the size of the distillation
apparatus can be reduced, and the cost of the distillation apparatus can be
reduced as well. Meanwhile, when a distillation apparatus is produced, the
apparatus is preferably designed by perform ng sinulation and eval uating
the sinmulation results. However, no'sf mul ati on program has been provi ded
for distillation apparatuses having the coupling-type distillation colum
10. Thus, a sinmulation programfor sinmulating a distillation apparatus

i ncl udi hige acamgilingotyps dimtid 1stdencodlunmm i10.cobbi thet iside bf theplaylehn t he
simul ati on program bei ng prepared through appropriate conbi nation of

i ndi vi dtaker,alac fieed i rmzzied¥l sig doamedgpt dhei §irst athianber FISA, andsa sideew of
a distillation apparatus for which the sinulation program enployed in the
si mul at cob mezhediAdsofdrmed tat &he esdrodd netmbet 15 uchsthdt icacknhozaie s
devel oped. In the drawing, reference nuneral 31 denotes a main colum; 32
denot esis cimhenicd iminwid8 thencomespondingrohamohr.of Thénef imat nsexdliomm] Blis 34
denotes a col umm body of the side columm; 35 denotes a condenser; and 36
denot esdaspeseb@tatthie. tdheofreite cwlupthingitype | diddsi 1d aftiipst cebenn o). 108, a
second section 102, a third section 103 (first position), a fourth section
| 04, a Vapeh csédet o3 HME, aarefhth ldquid dmledeid a whdebnahe smnneohed 00 a
(second position), an eighth section 108, and a ninth section 109, which
are di sposdahsen 8he arer formad ditr tlhe i fimrstnsedtiionot Her .Thehepisnthsectiomi 932
includes a tenth section 110, an el eventh 2 0 section 111, a twelfth

sect i onid 1®ispseli at cshet botbon iafh the 3coumld ng-tyne tdeht hlakicin onlama,10ahi ch
are disposed in the vertical direction in this order. At a side portion of
the mai A column—-Baftamf bbquidzalelatl 45 4t med/apprasinletesifgblvbdsich are
comuni cation with the fifth section 105; a liquid outlet 91 and a vapor

i nl et 9domnestedr hedrs @vaporataers Bapldreh foomedi ritc &he orinkiht fectiont hbr d Bect i on
103; and a vapor outlet 95 and a liquid inlet 98 are forned so as to

est abl i shupbimgriypatdimtidilabiethecdementy $bet condaxser Ai, tthe evpporatidre
mai n columm 31, a vapor outlet 73 and a reflux liquid inlet 74 are forned
so as t82estshl cotstdonbara distbhlatiioh appartust section 101, while at the
bottom of the_main colum 31, a colum-bottomliquid outlet 75 and a vapor
inlet 76 are Lorhke Sbrat diskslbatiem seehion chi dhevftirsthehamgr dédtion
109. At a side portion of the side colum 32, a side cut nozzle 72 is
formed dbspesad absvabthe feednmonttaitilofonns han eariesing BenddonoAR] 1 andat
the top of the side colum 32, a liquid inlet 92 and a vapor outlet 93 are
formed Sheafiirst ehamberi s\ cisnosed delon thet feed eozahe HHs éorns rant eghayst t he
bottom of the side colum 32, a vapor inlet 96 and a liquid outlet 97 are

forned sectipn R8st alil itha sesardndéstildativn rBachdon bt &hat seannst Feetion.

12 connected to and disposed above the upper end of the first
distillation section 25 forms an enriching section AR3, and the second
chamber 1U4B forms an exhaust section AR4. In the third distillation
section 27, the second chamber 16B forms an enriching section AR5, and
the eighth section 18 disposed below the lower end of the first
distillation section 25 forms an exhaust section AR6.

As described above, the upper end of the first distillation
section 25 is connected to the substantial center of the second

distillation section 26, and the lower end of the first distillation



In the above-described distillation apparatus, the fourth section 104 forns
an enriching section AR11l; the sixth section 106 fornms an exhaust section
AR12; the second section 102 forns an enriching section ARL3; the el eventh
section 111 fornms an exhaust section AR14; the thirteenth section 113 forns
an enriching section ARL5; and the 1 elghth section 108 fornms an
exhaust section AR16. Thus, when a et eri al liqguid Mis fed to the side
portion of the main colum 31 through the feed nozzle 71, vapor rich in
conponent A is discharged fromthe vapor outlet 73 and fed to the condenser
35, whesectiiqui d5r iishciomnecheshdmt thd ssdtos et 14k oughteondénshei ohirdhe
liquid rich in conponent A is discharged as a distillate fromthe condenser
35. A péistiiddatdion Isectlicntidfl.ate is fed as a reflux liquid to the refl ux
liquid inlet 74, and the remaining distillate is fed to an unillustrated

di stillate relgerbhat tbnszooef igunpd doupdhngntypapbisdrillletiendésbimr géd as a
colum-bottomliquid fromthe colum-bottomliquid outlet 75. A portion of
t he col niktboet whithqprddosifedtiy theteiapocampondétswhebe igafed misch in
conponent C is formed through evaporation. The vapor rich in conponent Cis
fed to nakemiadt higeid M ohteeh mheufibed mozazapok! i niCemp@Bentadd ishdowandinni ng
colum-bottomliquid is fed to an unillustrated col um-bottomliquid

r eser vabdblhingopeint ithandconpsnenh Bomhdnbnin tArants Bawerdis ditiddged Hoio t he
liquid outlet 91 and fed to the liquid inlet 92 through a first liquid flow
| i ne L1thanpeemporént nCconpamponents s suinatydditfa dngte thapemghodhlierd 93
and fed to the vapor inlet 94 through a first vapor flow line L2. Vapor
rich i ncooppoeriss Bhemdnatersadi ddqaided fednthheughpdhe (ﬁﬂﬂcbtncgala@n&]f ed
to the vapor inlet 96 through a second vapor flow line L4 Liquid rich in
conponedescendsdinchhegedhansim shetlipguirZeutdueting7 wvanghf ¥apos riehl iigui d
inlet 98 through a second liquid flowline L3. Liquid rich in conponent B

i s di schanperentom tdnd & de ganenated eirvan Tipperi psrtient o Hnthed exhamsthe
second section 102 forma packlng 2 2 zone P1; the fourth section 104 the
fifth seection ¥0%, and limis xtibhséntcamponestsoBnand gadls ggnenatked2in ihe

ei ghth section 108 and the ninth section 109 form a packi ng zone P3; and
the el elenel pocttiiom 0ifl, thheexhensthseedilioon AR, ﬁdEthiaquhdrréeht Hn
section 113 form a packing zone P4. There will next be described the

si mul at ForpanentadB fand §i kel fad kg thee thilsdidistdiléat igppaeaticn idicFuam rdet he
coupling-type distillation colum 10 shown in FIG 1 by use of a simulation
progr am®er encdftthegfiret dﬂ-é'@l]l]la&ﬂpbrﬁeﬁlﬁp@ﬁaﬁ;s i ncl udi ng the main col um
31 and the side colunn 32 shown in FIG 3. FIG 4 is a flowhart show ng

operations actegdliguid nih gmmoalpp@ﬁnﬁét Roanénpl b%elmeafrﬁcanlrerﬁmjummd of

t he present invention. The sinulation nmethod of the present invention
enpl oysdastillation section 27 to become vapor rich in components B and C

The thus-generated vapor ascends in the exhaust section AR2, during
which the vapor contacts the material liquid M, causing vapor rich in
components A and B to evaporate from the material liquid M.

The vapor rich in components A and B ascends in the enriching
section AR1 and is then fed to the second distillation section 26 from
the upper end of the first distillation section 25, and is condensed
into liquid rich in components A and B through cooling in the second
distillation section 26. A portion of the liquid rich in components A

and B is refluxed to the enriching section AR1 so as to be brought in



comercially avail abl e sinul ati on program generally including a general
calculation nethod relating to distillation. The sinulation programis
created through appropriate conbination of individual calculation nodels
relating to distillation and is adapted to sinmulate a conbi nati on-type
distillation apparatus including a main colum and a side columm in
conbination. Firstly, an operator o etates an unillustrated operation
panel, serving as an input nean, so as to set cal culation conditions such
as flowrate of material liquid Mserving as a material to be fed to the
coupl i ngentged diftt iviabat i michc @h wwompbAents dughd thasterdingoinl €hed EntidiEingl)
(i.e., feed flow rate); conpositional proportions of conponents Ato Cin
t he mat sectdor] AgUi d Mug,. sapomatiehi ah compeasnts oh)endt Becan dbe3 fednfmditiel onal
proportion of conponent B in a side cut liquid serving as a product (i.e.,
product seoopdsidiisin} 1t ésauses tilmn HH nromcohemtodl €rfd @ 3jhanfiisisde
colum 32 (i.e., operation pressures); and the nunber of theoretical stages
of the disfpllilagidrymectiat id5.ation colum 10 (i.e., the nunber of
t heoretical colum stages). Next, the operator operates the operation panel
so as to inpuln sihailexthanstcsadtionnsRf o Higuidpoticdatia bohpenentSpdtiandcdl |y,
first, the operator inputs liquid distribution ratio n Wien the liquid is
fed to tdeéscemdsymiurddg 8Bichreamir ttiehr éfl campongpritd B ikegeddratet] dies@aands
fromthe top of the colum body 33, a portion of the liquid flows along a
f eed si Upparepoirbbor ddlerenf baiyd 33Juisd rachlbwooapenddt; Cand gdreratedi in rmg
portion of the liquid is fed to the side colum 32 at a flowrate @
t hr oughloker foorstioh i thereofl ovkddard ihglpndhee s teuids rakbnin acaipdeestC disde
section (colum body 34). In the simulation program the liquid
di stri bdischarged &g er colamnwhothom hkiduiglifd-ams tdies toil bmbehot on hlel uded
side section and the side-cut side section is represented by = QL/ Q. Then,
t he opepatl®mt dbputs, as the above liquid distribution ratio [err] a liquid
distribution ratio at which liquid is distributed by the distributor 61 in
t he coupl i ng- Ay perdiiom ldfattihen aplumm-bd@ttent heqhidsdishhabgedld&oandhehe
second chanber 14B. The distribution ratio of the flowrate QL to that of
Q@ is deotumihedtemchiquidt outkett dbalis oferdl tantheyevapozafaistddd when®:theor
exanple, QL . Q@ =3 i.e., liquid distribution ratio [err] is

liquid is heated to become vapor rich in component C. The vapor rich

in component C is fed to the ninth section 19 from the vapor inlet L46.
While the vapor rich in component C ascends in the ninth section 19 and
the exhaust section AR6, the vapor rich in component C contacts liquid
rich in components B and C, causing vapor rich in component B to be
generated from the liquid rich in components B and C.

Then, a portion of the vapor rich in component B ascends in the
enriching section AR5, during which the portion of the vapor rich in
component B contacts the liquid rich in component B from the second
distillation section 26 at the upper end of the third distillation
section 27 to thereby become liquid rich in component B. The liquid
rich in component B obtained at the upper end of the third distillation

section 27 is discharged as a side cut liquid from the side cut nozzle



2'4 = 0.2857. Notably, distribution ratio of flowrate QL to flowrate
and liquid distribution ratio [err] can be set arbitrarily. In the

simul ati on program when the flow rate of vapor ascending fromthe bottom
of the colum body 33 along a feed side section (colum body 33) is
represented by B and the flow rate of vapor fed to the side colum 32

t hrough the second vapor flow |line L4 and ascendi ng al ong a side-cut side
section (colum body 34) is represented by 4, the vapor distribution ratio
p at which the vapor is distributed to the feed side section and the

si de-culi2si de section is represented by p = @B/ Q-. Then, the operator

cal cul ates and inputs, in accordance with the liquid distribution ratio
[err] , the Vapdhaiexhaubtit seatianiARp cft thiei seceagodistillatiarhweed ion t he
seventh section 17 of the couplingtype distillation colum 10 and fed to
the fir26, diaobeérribhAianchndorents dndndhBndescehé8, Bulisgouieitt yapoherich
operator inputs other data regarding the flows of liquid in the feed side
sect i onimrubmpbrersi deisgereratédmt anclpms dartaane phexeesdl, i and tliauid heichl ow
of liquid in the feed side section is the flowwthin the main colum 31
and t heifil compindntqBi dsi gendmatEdatun doder spattiiom itherbeff | olheni tilguidt he
side colum 32; data representing the positions (i.e., stages) at which the
| i qui d pichetimkamondrt! Bquhtdihed 82 ahe dispesedndand ddte second
representing that liquid flows through the feed side section and the

si de- cudistiblafdom sectbuhs2fuentdipchangedpas - cidepenst édquhd fmer &heon
panel so as to 2 5input filler data and col um dianeters of the

coupl i ngide patdnezald 4Ri orlhenl, ubie M@pay FidH én danporent &oiseenddi émdther s of
the main colum 31 and the side colum 32. In this case, the enriching
sect i onedRichimg séetimthaBStamkdis thermRPischarged dingpl the-tager dutiet (4. on
colum 10 correspond to the enriching section ARL1 and the exhaust section
AR12 of Théned immharged urapddl ricksiecdmpehgnt t helsesenthtod e condengds 831, t he
coupling-type distillation colum 10 corresponds to the enriching section
AR13 of whéee nlien wagammis3tpntaesedhinf Isieptiidonr iaR4 iandompenantt ifchi lge
section AR5 of the coupling-type distillation colum 10 correspond to the
exhaust 1sguid shct\R campbrnené &nis disolgprgedt avra ARsEibkatehe si de col uim 32,
respectively; and the exhaust section ARG of the coupling-type distillation
col unm 10 cor Aesplgairibed habeygaustamuet ¥ bah ARDG cOmMPAEmEs nA candnB 38

separated into vapor rich in component A and liquid rich in component B
by means of the second distillation section 26. The vapor rich in
component A is discharged from the top of the column and condensed into
liquid rich in component A. The liquid rich in component A is
discharged as a distillate. The liquid rich in component B is
discharged as a side cut liquid from the side cut nozzle 42. Liquid
rich in components B and C is separated into liquid rich in component B
and liquid rich in component C by means of the third distillation
section 27. The liquid rich in component B is discharged as a side cut
liquid from the side cut nozzle 42. The liquid rich in component C is
discharged as a column-bottom liquid from the bottom of the column.

In order to enhance the efficiency of distillation for component



The aforenmentioned filler data include data designating the main colum 31
or the side colum 32 as a colum for which the filler data are to be
input; filling start stage data representing the upper end position of a
filler; filling end stage data representing the |ower end position of the
filler; filler type data representing type of filler; and filler details
data representing details of filler! $The filler details data include
di mensi ons data representing dinmensions of filler and hei ght data
representing height of filler. Wien filler data are unavail able, the
oper at of, cal mantaitoes ofhehti et itbdte idisahaaged Pyomsthefcenduregdat &lniiged
program The colum dianeters are input as follows. An equival ent dianeter
of eachrefluded fintstthehdibst setfAohol l&Ahcanthanrefjukvai@nitd in2e6 i amdt er
of each of the second chanbers 14B to 16B of the coupling-type distillation
col um Hhfoughte.inteqoondentwidhaveper sri®hl iandofpénente Acakcehaimgl.in the
Subsequently, the equivalent dianeter S1 is input as the columm dianeter D1
of the emrithinguwwctidn AR the equivalent dianmeter 8 2 is input as the
columm di aneter D2 of the side colum 32. In addition, the thickness of the
sheet form niNetagilyf,i lihethescalpbingtiitpe Kedrseillhéidnaselwnn of0,t achody of
the coupling-type distillation columm 10 is represented by d; cross-section
area of tkaanrithihe dectivnshiRibedR3 ] 4#nd dRD64nd stheepresestt edcbyorsi ;ARRyd
cross-section area of each of the second chanbers 14B to 16B i s represented
by S2. ARéen dnde AB6 obs -fawedoof aa efii 13&ri $snehudingt a $ieg by owtes ecliowavear, ea
S2, the following equations are satisfied. S1 =S2 - ((nd2/4) /2 - ~s 1
2 /14 - dependimpusn eglatvidentolh ik ter g auhdrentas itsf et lob thdinkedwi ng
equations. ~1=82 = d/ ~ 2 For exanple, when the diameter d of the body of
t he couphrowggly pii stiidtlialtliani, ohn cordem tid® atLdin7@@e[ nimbeheoBdthacaiedritcal
dianeters ~ 1 and 8 2 are 1.202 [m . Notably, the equival ent dianeters
[err] 1 sbalgds reapdred| fies ¢ttt fldmtdiomyl at fbhlemnichcd udriogea plareetisy of
enpl oyed in

nodes may be formed so as to produce filler properties to be used.

Also, a distributor may be disposed between the nodes. Furthermore,
the feed nozzle 41 and the side cut nozzle 42 are not necessarily
disposed at the same level.

As described above, the material liquid M can be separated into
components A-C without use of a plurality of distillation columns.
Since there is no need for repeating heating and cooling in a plurality
of distillation columns, the number of instruments, such as a condenser,
an evaporator, and a pump, can be reduced. Accordingly, an area to be
occupied can be reduced, and the amount of consumption of utilities and
consumed energy can be reduced as well, thereby reducing the cost of the
distillation apparatus.

Preferably, the coupling-type distillation column 10 has a total
of about 30-100 theoretical stages, and about 5-30 theoretical stages

are allocated to each of the fourth section 14 and the sixth section



2'7 designing the distillation apparatus is obtained through correction.
Meanwhi l e, in order to equalize pressure loss arising in each of the first
chanbers 14A to 16A and that arising in each of the second chanbers 14B to
16B, the difference between pressure loss arising in each of the first
chanmbers 14A to 16A and that arising in each of the second chanbers 14B to
16B; i.e., pressure |loss difference, frust be calculated. In order to
calculate the difference, the operator operates the operation panel so as
to input pressure loss arising in each of the first chanbers 14A to 16A as
pressur&l oss (DPM arising in each of the fourth section 104 to the sixth
section 106 in the main colum 31 and input pressure |oss arising in each
of the seconiMazhaiitides t4B thiidBsest preduriecllades (HRSP1 kedtombpl mndaah of
the el eventh section 111 to the thirteenth section 113 in the side colum
32. I n eltwhrtalotype héidtolibatbngd bqudtigand f col lemited| by i the poddsoter |98sds
difference (DPP) is also input. DPP =1 DPM- DPS ~ x 10 '~ Then, the

oper at odistpdabated tdehepfiesti mhapharl 140 aad tlhe isscondachambpet 1VR| ofe the
pressure |l oss difference DPP. In this case, the target value is set to O,
with a folethaseetidén OLIDENn Snbdetprerinied, difitermndr pootiape byt asandeofdideat i on
panel so as to input data regarding the flows of vapor caused to ascend
from t héistotibohomwf6it he coupling-type distillation colum 10 and be fed to

t he second chanber 16B; i.e., initial value of vapor flowrate, as the flow
rate of vapor Thed ffireh tdleammen tHAuofi 8het @ itftidy Seatet oot ubdm BRcihdesgh 2
8 the second vapor flowline L4; i.e., initial value of vapor flowrate q.

Subsequeol lg¢tahed dphrspamedoparsat ebovbetbpefacd omopmle|dis@mk a dubular
distributor 63 disposed just under the feed nozzle U41. Liquid
collected by the collector 62, together with the material liquid M fed
through the feed nozzle U1, is fed to the first chamber 16A of the
sixth section 16 by means of the distributor 63.

Meanwhile, the second chamber 15B includes a chimney-hat-type
collector 65 disposed just above the side cut nozzle 42 and a tubular
distributor 66 disposed just under the side cut nozzle 42. A portion of
liquid collected by the collector 65 is discharged as a side cut liquid
from the side cut nozzle 42, and the remaining liquid is fed to the
second chamber 16B by means of the distributor 66.

Furthermore, the seventh section 17 includes a collector 67 and
a tubular distributor 68. Liquid descending from the sixth section 16
is collected by the collector 67 and is then fed to the eighth section
18 by means of the distributor 68.

In the coupling-type distillation column 10, liquid descending
to the third section 13 from the second section 12 is distributed

between the first chamber 14A and the second chamber 14B by means of



i nput other data regarding the flows of vapor in the feed side section and
the side-cut side section; such as data representing that the flow of vapor
in the feed side sectionis the floww thin the main colum 31 and the flow
of vapor in the side-cut side section is the flowwthin the side colum
32; data representing the positions (j.e., stages) at which the vapor
outlet 95 and the vapor inlet 96 arb %isposed; and data representing that
vapor flows through the feed side section and the side-cut side section.
The operator operates the operation panel so as to input the upper limt
and | owehe |dimtribatbhebVapor disowibatéoasrat darisapreneshagkishdteon ipat of
sinmulation conditions is conplete in the above described manner, an
uni | | ushasitsedf cdigtridllatiin conditBons,nehch iam thpetya ofl. companketsi aflltaei on
operation, vapor flowrate q is calculated through iterative calculation
such t heatarielaflogendrd dhed compssiftion ofs tief temponantbPPf belhe metarialn
addition, flowrate bal ances anong a distillate obtained fromthe top of
t he mai higoidni, 3theangowbemebothearetjoadl shagenedff thm chuphbéngofivot t he
mai n colum 31, and a side cut liquid obtained froma side potion of the
si de codlistril32tiem dodunbt Hi,neddr gspeetiietd parity niduatliby) rafsal psodudst abl y,
an out put neans such as a display or a printer is provided for outputting
t he sinul ati ofiheedibtsibAtoor dilng nad udes aroven thbestrabedi qustiribution
distribution ratio and 2 9 equivalent dianeters 81 and 8 2 of the
coupl i ngettyimn diogt diikaribut tng uriquid aneacdirentticn perpardi¢yldnl to the
distribution ratio [err] and colum dianeters D1 and D2 of the main colum
31 and partigide blandnisadaphed dloy meke ddiengmamtpbét 1iomidf fed hgl aniwpper
operation. The simulation flowhart will next be described. Step Sl: Set
cal cul appobiwomdi thenfissepcismbamidd rhduthe dimunitbofi dhquid i Tedsitep ag3:
Cal cul ate and input vapor distribution ratio Step S4: Input filler data
and eunpaeEnpontaontefstpersp@oaddchambsrebu§5difﬁpvtfeqmaeaoh pbéher.
calculating pressure |oss difference DPP Step S6: Input target val ue of
pr essur Notady, ds frfoer 6he eafloPPnSiEiEnsd: sidepout | hiquildl is aligeharged dnom dthe of
vapor flowi ng to second chanber 16B

side cut nozzle 42, the amount of liquid fed to the second chamber 14UB

becomes greater than that fed to the first chamber 14A.

When, in order to obtain products of two or more kinds,
distillation conditions are to be modified in the distillation
apparatus, the aforementioned distribution ratioc must be changed
according to the distillation conditions. To meet this end, a plurality
of distribution sections of different distribution ratios are disposed.
Liquid descending from the second section 12 is collected by the
collector 54 and is then selectively fed to the distributor 61 via a
selector valve 83 or 84,

Since liquid can be distributed at the optimum distribution
ratio merely through employment of the distribution sections, there is
no need for not only disposing many instruments, such as an analyzer, a

flow controller, a flow control valve, and a level sensor, for



Step S8: Input variation of flowrate of vapor flow ng tosecond chanber 16B
Step S9: Perform sinulation operation and end processing The present
invention is not limted to the above-descri bed enbodi nents. Nunerous

nodi fications and variations of the present invention are possible in |ight
of the spirit of the present invention, and they are not excluded fromthe
scope of the present invention. | NDUSTRI AL APPLI CABI LI TY The pr esent
invention can be applied to a distillation apparatus including a
coupling-type distillation colum. 3 0 CLAIM5 1. A nethod for sinulating
a di stidisttriibntdpparfatliguidgc/outi ajsa exeepking-dompé idased |doatroh Woiowmgh
havi ng a col um body whose interior is divided by a partition into a first
chanberopadaé isecafl chanbestrimerEis. a Aeceriding 1ygui thies sfiek tof atbede
portion of the colum body; a distillate is discharged fromthe top of the
col um dishillattm wppboatusmchngos dedsced s cindr el dastnof hehebaisoid Iftivhe
colum body; and a side cut liquid is discharged froma side portion of the
col um anmyratubecasi bal zgducadbas mglper f or ned by use of a sinulation program
for sinmulating a distillation apparatus including a main colum and a side
col um in conMeaawhane,wibesi a disttidd adfiaheappalies tos uhs psodonadet stiet o
the main colum at a first position provided in an upper section of the
mai n coapparabys neapseféraplii designeduby peirformninge samalat ibnrand espbuatfingw
line; the bottomof the side columm is connected to the main colum at a
second phsisimnlatbon degsuits | dwrewsatt imm sdfmulla v progiramn hag keans of
a second liquid flow line and a second vapor flowline; a material |iquid
is fed poonidedefpor diiet idflatti®emuippard uisgs ahalving | the ecogpdisghéyped
fromthe top of the main colum; a columbottomliquid is discharged from

t he bot dbstoflatiennedbumol@hn; Thang, aa siidwiletiioni pregrams forssbaw asd nigr em a
side portion of the side colum, the sinulation nmethod conprising the steps
of : (a)displtlatnignaappgoatiuglistaliudingoa nain cofumrhendi st sidet¢@iummpdar at us
at which liquid descending fromthe top of the coupling-type distillation
col um ¢enbdinetionutied enplayed,f Lhe tsisndabion pregrae bedognorepaged through

appropriate combination of individual calculation models relating to
distillation.

FIG. 3 is a view of a distillation apparatus for which the
simulation program employed in the simulation method according to an
embodiment of the present invention is developed.

In the drawing, reference numeral 31 denotes a main column; 32
denotes a side column; 33 denotes a column body of the main column 31;
34 denotes a column body of the side column; 35 denotes a condenser; and
36 denotes an evaporator. The main column 31 includes a first section
101, a second section 102, a third section 103 (first position), a
fourth section 104, a fifth section 105, a sixth section 106, a seventh
section 107 (second position), an eighth section 108, and a ninth
section 109, which are disposed in the vertical direction in this

order. The side column 32 includes a tenth section 110, an eleventh



chanber as a liquid flowrate distribution ratio of the distillation
apparatus at which |iquid descending fromthe top of the main colum is
divided into liquid descending along a feed side section of the main columm
and liquid fed to the side colum through the first liquid flow line and
descendi ng al ong a side-cut side segtéon of the side columm; (b)

cal cul ating, in accordance with the®“liquid distribution ratio, a vapor
distribution ratio of the distillation apparatus at which vapor ascendi ng
fromthe bottom of the coupling-type distillation colum is distributed to
the firsecthamiidr ,andtwabf tecnut iohathes ; a () irtgemthi sget hen clal Julasmded
vapor distribution ratio as an appropriate vapor flow distribution ratio of
t he di sfourteenth sgntdoat Ut ,atwhiwih drev dpsposesic éndilg vierthcahelivectiom dh t he
colum is divided into vapor ascending along the feed side section of the
mai n cothim oadervapor fed to the side columm through the second vapor fl ow
| ine and ascendi ng al ong the side-cut side section of the side colum; and
(d) perform nit sA milde ipprtdoar afi 6he Rrain eceltwond 3bos sifaddtiangls 71 is
distillation apparatus including a coupling-type distillation colum having
a col unfomnetly sahesetd msdabdish scatimindedt byn avigdr thei Hif imisechion rdi5;ichanber
and a second chanber, wherein a material liquidis fed to a side portion of
t he col bbgubbdytletdPdt and ;a evapordiindkér §édare dinnmed sopasf te hestad lish
body; a columbottomliquid is discharged fromthe bottom of the colum
body; apomnmursicagiontwitilgdhe thici ssdeaigndi®3omnd si vapgoautdatods tans eol um
body; the simulation being performed by use of a simulation program for

si mul at Lhguid dirdet! P&t arm fappmedasasas el wditahlashedommolicaniandvitlsitde 3
2 colum in conbination, wherein the top of the side colum is connected to
t he mai sewwitinseatien fli0ist pogihel dappebihgetiaim columppdt, sevepon @ftlete
mai n colum by nmeans of a first liquid flowline and a first vapor flow
line; thd Bodtemref iure kigwidolohati §icemsedicawad sheasmtn esLahhish a
second position provided in a |ower section of the main colum by neans of
a secongommyicatiibowiitihethand igs§eseciiarmgér ,f Wbiie iate:the hateem 2f Ithgui d
is fed to a side portion of the main colum; a distillate is discharged
from t hsaimpEadumnha! ped recdomombot tom digrid crutdats Tquard is vapsehartrid 1or om
the bottomof the main colum,; and a side cut liquid is discharged froma
si de pofre diprgedt s asi e ehahdashtemminiedbiaronibletthed ndnbipriesitign t H¥.st eps
of: (a) inputting a liquid distribution ratio of the distillation apparatus
at whi cAtla qide pestdendphdgthe eidereolvap 32, ttheldeuplt ngzeigeldilst fommad on
colum is distributed to the first chanber and the second chanber as a

i qui d BPoa® rtet estiaktishhgomswnicatiionofitthdhgi svelfitdt seatippdrd: usAfatthghi ch

| i qui d descending fromthe top of the main colum js divided into |iquid
descendtep @f dhg aldeaplomgeddec Lldauid IHetnd? mdbuNAPAN PULLEGI 2B fa8€ t o
the side colum through the first liquid flow |line and descendin? along a
si de- cufORTefk Seeas | bvh estabhishs caemanicaiion (Hthe fhe Wtenthngeekian, al@nt At
dianeters of the first and second chanbers of . the cqupling-type

di sti | | &he hetdomuah, thee sidst soiimp: 32, a vapor inlet 96 and a liquid outlet

97 are formed so as to establish communication with the fourteenth
section 114,

In the above-described distillation apparatus, the fourth
section 104 forms an enriching section AR11; the sixth section 106 forms
an exhaust section AR12; the second section 102 forms an enriching
section AR13; the eleventh section 111 forms an exhaust section AR1Y4;

the thirteenth section 113 forms an enriching section AR15; and the



(c) inputting the cal cul ated equival ent dianeters as colum di aneters of
the main colum and the side colums, respectively; and (d) perform ng
sinmul ation operation. 3. A nethod for simulating a distillation apparatus
including a 3 3 coupling-type distillation colum having a col um body
whose interior is divided by a partition into a first chanber and a second
chanber, wherein a material liquid Fs'fed to a side portion of the colum
body; a distillate is discharged fromthe top of the colum body; a
columbottomliquid is discharged fromthe bottom of the colum body; and a
si de cutidhthusectiondil 88 argsedar rexirmastsiseetpan tARdA. of t he col um body; the
sinmul ati on being perforned by use of a sinulation programfor simulating a
distillationTapparweers a maktaedialy ld quadnMcid imd &ndthe Side portibon iaf the
conbi nati on, wherein the top of the side colum is connected to the main
col um mdiracbilost Foshrough heviekt nonzbe ‘lippeapse atichninfcdnpenast i del um
by nmeans of a first liquid flowline and a first vapor flow line; the

bot t om dfsdHaerged dEramwlthenvamore ombéet €8 tamdt fied nw rtheotomderseral's e odmegte
position provided in a | ower section of the main colum by nmeans of a
second liguiidd rficbwin icompanenta As ésofidrmeah dhrougiw dandensatimt.er Tae¢ ligpuidd i s
fed to a side portion of the main colum; a distillate is discharged from
t he topridh tire component vhmis disohangdbtasom Higbidlate diremh&hgecbridamsetrhe
bottom of the main colum; and a side cut liquid is discharged froma side
portion3af thposiiba ofl then dishEllsitruismtiiednamet hred lewnjiqusd ngp tthe mefdpx of :
(a) inputting a liquid distribution ratio of the distillation apparatus at
whi ch | Lgqiud ddesckati g ,f raond t beet gemefin hegedigtiinglape idi Stdd | toi en
colum is distributed to the first chanber and the second chanber as a
liqui d ehbldussreted stistidiatn neservabion rendi stliiquddi piclapgpacanpenent whi ch
liquid descending fromthe top of the main colum is divided into |iquid
descendinglidohaggetieas ecdodte-beiiomdighid Hramaithe calumncbbtinom akidiulidqui d
fed to the side colum through the first liquid flow |line and descendi ng
al ong thetietie7but 8i dertéoni ofi dhet helsmdebodtomn ligb)idcakcdledt itegthen
accordance with the liquid distribution ratio, a vapor distribution ratio
of the diaporatorodb appeere usarer itiath in component C is formed through

evaporation. The vapor rich in component C is fed to the ninth section
109 through the vapor inlet 76, and the remaining column-bottom liquid
is fed to an unillustrated column-bottom liquid reservation zone.
Liquid rich in components A and B is discharged from the liquid outlet
91 and fed to the liquid inlet 92 through a first liquid flow line LI1.
Vapor rich in component A is discharged from the vapor outlet 93 and
fed to the vapor inlet 94 through a first vapor flow line L2. Vapor
rich in components B and C is discharged from the vapor outlet 95 and
fed to the vapor inlet 96 through a second vapor flow line L4. Liquid
rich in component C is discharged from the liquid outlet 97 and fed to
the liquid inlet 98 through a second liquid flow line L3. Liquid rich
in component B is discharged from the side cut nozzle 7T2.

The first section 101 and the second section 102 form a packing



vapor éscending fromthe bottomof the coupling-type distillation colum is
distributed to the first chanber and the second chanber; (c) inputting the
cal cul ated vapor distribution ratio as an appropriate vapor flow
distribution ratio of the distillation apparatus at which vapor ascendi ng
fromthe bottomof the colum is dLXiQEd I nto vapor ascending along the
feed side section of the main colu nd vapor fed to the side colum
t hrough the second vapor flow |ine and ascendi ng al ong the side-cut side
section of the side colum; (d) calculating equival ent dianeters of the
first amohesddgntihehforbenhs settidre 1dypkthagfiffie sdcsion | 1di5,0andothemgixth
respectively; (e) inputting the cal cul ated equival ent dianeters as col um
di anet esectdnt héd farm & gackningrmbnehB? sitthe ebghbimsectiazspab8iam Lhe amichthf )
perform ng simulation operation. 4. A nethod for sinulating a distillation
appar at sectaiondé86r fdwemd d paskyngneonef P3l; admé thet el8yentie seetthod Tt Hée
conprising the steps of: (a) calculating a difference between pressure |oss
ari si ngtwelfithesée¢tizm ¢hantend &he thiateantlsisegtiontHE fermral pablmberzane t he
couplingﬁtype distillation colum;

PL,

There will next be described the simulation method for
simulating the distillation apparatus including the coupling-type
distillation column 10 shown in FIG. 1 by use of a simulation program
for simulating the distillation apparatus including the main column 31
and the side column 32 shown in FIG. 3.

FIG. 4 is a flowchart showing operations according to the
simulation method employed in an embodiment of the present invention.

The simulation method of the present invention employs a
commercially available simulation program generally including a general
calculation method relating to distillation. The simulation program is
created through appropriate combination of individual calculation
models relating to distillation and is adapted to simulate a
combination-type distillation apparatus including a main column and a
side column in combination.

Firstly, an operator operates an unillustrated operation panel,
serving as an input mean, so as to set calculation conditions such as
flow rate of material liquid M serving as a material to be fed to the
coupling-type distillation column 10 through the feed nozzle 41 (FIG.

1) (i.e., feed flow rate); compositional proportions of components A to

C in the material liquid M (i.e., material composition); the



(b) inbutting the cal cul ated pressure loss difference as a difference
bet ween pressure loss arising in the main columm and that 3 5 arising in
the side colum; (c) inputting a target value of the pressure |oss
difference; and (d) inputting a flow rate of vapor caused to ascend from
the bottom of the coupling-type distillation colum and to be fed to the
second chanber as a flow rate of vaﬁo% fed fromthe main colum to the side
colum through the second vapor flow line, wherein (e) the vapor flow rate
is calculated in the sinulation operation such that the pressure |oss
di ff er ecagpozd siionesl pirepdetriget off atamponent B in a side cut liquid serving as
a product (i.e., product composition); pressures in the main column 31
(FIG. 3) and side column 32 (i.e., operation pressures); and the number
of theoretical stages of the coupling-type distillation column 10
(i.e., the number of theoretical column stages).

Next, the operator operates the operation panel so as to input
simulation conditions to an input data holder. Specifically, first,
the operator inputs liquid distribution ratio 7n. When the liquid is
fed to the column body 33 through the reflux liquid inlet 74 and
descends from the top of the column body 33, a portion of the liquid
flows along a feed side section (column body 33) at a flow rate Q1, and
the remaining portion of the liquid is fed to the side column 32 at a
flow rate Q2 through the first liquid flow line L1 and descends along a
side-cut side section (column body 34). In the simulation program, the
liquid distribution ratio » at which the liquid is distributed to the
feed side section and the side—cut side section is represented by

n = Q1/Q2.

Then, the operator inputs, as the above liquid distribution
ratio , a liquid distribution ratio at which liquid is distributed by
the distributor 61 in the coupling-type distillation column 10 to the
first chamber 14A and the second chamber 14B. The distribution ratio of
the flow rate Q1 to that of Q2 is determined such that the total of QI
and Q2 is adjusted to 10; for example,

Ql : Q2 =3 : 17,

i.e., liquid distribution ratio 7 is



AS. A A AU A@QA AAY. AAAAAAAAAAAAAAAAAAAAAAA
CACACA A A ARIM
xzZU:. Zo} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cTa]cTa!ni!I"#"(I,..0.2448 ; C;

;MRS >(>>>
747}xsn|d Z]ca]ca]ca]ca]ca]ca]ca]cafc%]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 4?p?S@aoB0E@EDGHHIJJ | KIKKK2L3LW.YLLLMWN
Nr QSSSTT} xsni d_ Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] op]< &l 828%R] ca] ca] ca] ca] ca! TAU] V_VWWXXXXZ\ Z* Z\ \ y]
al a/ alaaccl df f} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢
a] ca] ca] ca] cdletapig) cdis@a]italtiahcrdth] o] ¢dpwardteciill Ito flow rate Q2 and
n<n@ps" sHt $WPy Ty) z{{ ~YZno" _uw#% xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] cal oajidafitsfirddlit Adrec alatad c @] cahclad cmltcatlidjrarity] ca] ca] ca] ca! %;
WZXYBLPKLM' {vgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]caV]ca] ca]ca]ca]ca
] ca] ca] ca] ca]lnatba] sHjulaltdah cpiagriamg] ehée ajhen ! fd0RFRERE "BK@rpeni ascaridiRg] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
ca] ca] catamlthe] bettelf pPBtHencefayn body 33 along a feed side section (column
nr}xsnid_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]cal
ca] ca] ckddn]33)] ds| capraieried]|paldSabnyBtRachioHrate} wénivdpat | B da) ¢cakcal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
] ca] ca] sade a1 BI2<thireeghdtZ? | sedara] cajpeal ddpwaltng cbd caid ajscanddnga] ca
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca] calA @&$P10YO& ()-!sS
$10% (3l8HlavBide-cBt1sid peti@O¥eblymn BLOysIR (- nwrespabadyg @Y, the 10
10! Of I . $109%&' ()- fl.P$10%& ()- ! S&PLIO0UKKE' ()-!! S&P10%& ()-m
uvwxzuj vadr 0mp&ibption ratio o at which the vapor is distributed to the

feed side section and the side-cut side section is represented by
o = Q3/QH.

Then, the operator calculates and inputs, in accordance with the
liquid distribution ratio 7%, the vapor distribution ratio p at
which vapor is distributed in the seventh section 17 of the coupling-
type distillation column 10 and fed to the first chamber 16A and the
second chamber 16B.

Subsequently, the operator inputs other data regarding the flows
of liquid in the feed side section and the side-cut section; such as
data representing that the flow of liquid in the feed side section is
the flow within the main column 31 and the flow of liquid in the side-
cut side section is the flow within the side column 32; data
representing the positions (i.e., stages) at which the liquid outlet 91
and the liquid inlet 92 are disposed; and data representing that liquid
flows through the feed side section and the side-cut side section.

Subsequently, the operator operates the operation panel so as to
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input filler data and column diameters of the coupling-type
distillation column 10 as filler data and column diameters of the main
column 31 and the side column 32. 1In this case, the enriching section
AR1 and the exhaust section AR2 of the coupling-type distillation
column 10 correspond to the enriching section AR11 and the exhaust
section AR12 of the main column 31, respectively; the enriching section
AR3 of the coupling-type distillation column 10 corresponds to the
enriching section AR13 of the main column 31; the exhaust section ARY
and the enriching section AR5 of the coupling-type distillation column
10 correspond to the exhaust section AR14 and the enriching section AR15
of the side column 32, respectively; and the exhaust section AR6 of the
coupling-type distillation column 10 corresponds to the exhaust section
AR16 of the main column 31.

The aforementioned filler data include data designating the main
column 31 or the side column 32 as a column for which the filler data
are to be input; filling start stage data representing the upper end
position of a filler; filling end stage data representing the lower end
position of the filler; filler type data representing type of filler;
and filler details data representing details of filler. The filler
details data include dimensions data representing dimensions of filler
and height data representing height of filler. When filler data are
unavailable, the operator calculates the filler data in advance by use
of a predetermined program.

The column diameters are input as follows. An equivalent

diameter of each of the first chambers 14A to 16A and an equivalent
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diameter of each of the second chambers 1UB to 16B of the coupling-type
distillation column 10, i.e., equivalent diameters 61 and 0 2 are
calculated. Subsequently, the equivalent diameter J 1 is input as the
column diameter D1 of the main column 31, and the equivalent diameter &
2 is input as the column diameter D2 of the side column 32. In
addition, the thickness of the sheet forming each filler is also input.

Here, the diameter of the body of the coupling-type distillation
column 10 is represented by d; cross-section area of each of the first
chambers 1U4A to 16A is represented by S1; and cross-section area of each
of the second chambers 1U4B to 16B is represented by S2. When the
cross-section area S1 is equal to the cross-section area S2, the
following equations are satisfied.
ST = 82
(zd 2 /4)/2
rd61 2 /U

622 /4

]

Thus, equivalent diameters & 1 and 6 2 satisfy the following

equations.
601=62
=d/ /2

For example, when the diameter d of the body of the coupling-
type distillation column 10 is 1.700 [m], the equivalent diameters §1
and 62 are 1.202 [m]. Notably, the equivalent diameters 61 and 02

are values set for simulation, and a proper diameter d employed in
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designing the distillation apparatus is obtained through correction.

Meanwhile, in order to equalize pressure loss arising in each of
the first chambers 14A to 16A and that arising in each of the second
chambers 1U4B to 16B, the difference between pressure loss arising in
each of the first chambers 14A to 16A and that arising in each of the
second chambers 14B to 16B; i.e., pressure loss difference, must be
calculated.

In order to calculate the difference, the operator operates the
operation panel so as to input pressure loss arising in each of the
first chambers 14A to 16A as pressure loss (DPM) arising in each of the
fourth section 104 to the sixth section 106 in the main column 31 and
input pressure loss arising in each of the second chambers 14B to 16B as
pressure loss (DPS) arising in each of the eleventh section 111 to the
thirteenth section 113 in the side column 32. In addition, the
following equation for calculating pressure loss difference (DPP) is
also input.

DPP = |DPM -DPS | X 10 *

Then, the operator operates the operation panel so as to input a
target value of pressure loss difference DPP. In this case, the target
value is set to 0, with a tolerance of 0.05.

Subsequently, the operator operates the operation panel so as to
input data regarding the flows of vapor caused to ascend from the
bottom of the coupling-type distillation column 10 and be fed to the

second chamber 16B; i.e., initial value of vapor flow rate, as the flow

rate of vapor fed from the main column 31 to the side column 32 through
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the second vapor flow line Li4; i.e., initial value of vapor flow rate q.

Subsequently, the operator operates the operation panel so as to
input other data regarding the flows of vapor in the feed side section
and the side-cut side section; such as data representing that the flow
of vapor in the feed side section is the flow within the main column 31
and the flow of vapor in the side-cut side section is the flow within
the side column 32; data representing the positions (i.e., stages) at
which the vapor outlet 95 and the vapor inlet 96 are disposed; and data
representing that vapor flows through the feed side section and the
side—cut side section.

The operator operates the operation panel so as to input the
upper limit and lower limit of the vapor flow rate as a variation
range.

When input of simulation conditions is complete in the above-
described manner, an unillustrated control unit starts simulation
operation. In the simulation operation, vapor flow rate g is
calculated through iterative calculation such that the aforementioned
pressure loss difference DPP becomes 0. In addition, flow-rate
balances among a distillate obtained from the top of the main column
31, a column-bottom liquid obtained from the bottom of the main column
31, and a side cut liquid obtained from a side potion of the side
column 32 can be obtained respectively as simulation results. Notably,
an output means such as a display or a printer is provided for
outputting the simulation results.

According to the above case, the liquid distribution ratio and
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equivalent diameters &1 and 6 2 of the coupling-type distillation
column 10 are converted to the liquid distribution ratio % and column
diameters D1 and D2 of the main column 31 and the side column 32,
thereby speeding completion of simulation operation.
The simulation flowchart will next be described.
Step S1: Set calculation conditions
Step S2: Input liquid distribution ratio =
Step S3: Calculate and input vapor distribution ratio p
Step S4: Input filler data and equivalent diameters 61 and 62
Step S5: Input equation for calculating pressure loss difference DPP
Step S6: Input target value of pressure loss difference DPP
Step S7: Input initial value of flow rate of vapor flowing to second
chamber 16B
Step S8: Input variation of flow rate of vapor flowing tosecond chamber
16B
Step S9: Perform simulation operation and end processing
The present invention is not limited to the above-described
embodiments. Numerous modifications and variations of the present

invention are possible in light of the spirit of the present invention,

and they are not excluded from the scope of the present invention.

INDUSTRIAL APPLICABILITY
The present invention can be applied to a distillation apparatus

including a coupling-type distillation column.
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CLAIMS

1. A method for simulating a distillation apparatus including a
coupling-type distillation column having a column body whose interior
is divided by a partition into a first chamber and a second chamber,
wherein a material liquid is fed to a side portion of the column body; a
distillate is discharged from the top of the column body; a column-
bottom liquid is discharged from the bottom of the column body; and a
side cut liquid is discharged from a side portion of the column body;
the simulation being performed by use of a simulation program for
simulating a distillation apparatus including a main column and a side
column in combination, wherein the top of the side column is connected
to the main column at a first position provided in an upper section of
the main column by means of a first liquid flow line and a first vapor
flow line; the bottom of the side column is connected to the main column
at a second position provided in a lower section of the main column by
means of a second liquid flow line and a second vapor flow line; a
material liquid is fed to a side portion of the main column; a
distillate is discharged from the top of the main column; a column-
bottom liquid is discharged from the bottom of the main column; and a
side cut liquid is discharged from a side portion of the side column,

the simulation method comprising the steps of':

(a) inputting a liquid distribution ratio of the distillation
apparatus at which liquid descending from the top of the coupling-type

distillation column is distributed to the first chamber and the second
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apparatus at which liquid descending from the top of the main column is
divided into liquid descending along a feed side section of the main
column and liquid fed to the side column through the first liquid flow
line and descending along a side-cut side section of the side column;

(b) calculating, in accordance with the liquid distribution
ratio, a vapor distribution ratio of the distillation apparatus at which
vapor ascending from the bottom of the coupling-type distillation
column is distributed to the first chamber and the second chamber;

(c) inputting the calculated vapor distribution ratio as an
appropriate vapor flow distribution ratio of the distillation apparatus
at which vapor ascending from the bottom of the column is divided into
vapor ascending along the feed side section of the main column and
vapor fed to the side column through the second vapor flow line and
ascending along the side-cut side section of the side column; and

(d) performing simulation operation.

2. A method for simulating a distillation apparatus including a
coupling-type distillation column having a column body whose interior
is divided by a partition into a first chamber and a second chamber,
wherein a material liquid is fed to a side portion of the column body; a
distillate is discharged from the top of the column body; a column-
bottom liquid is discharged from the bottom of the column body; and a
side cut liquid is discharged from a side portion of the column body;

the simulation being performed by use of a simulation program for

simulating a distillation apparatus including a main column and a side
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the main column by means of a first liquid flow line and a first vapor
flow line; the bottom of the side column is connected to the main column
at a second position provided in a lower section of the main column by
means of a second liquid flow line and a second vapor flow line; a
material liquid is fed to a side portion of the main column; a
distillate is discharged from the top of the main column; a column-
bottom liquid is discharged from the bottom of the main column; and a
side cut liquid is discharged from a side portion of the side column,
the simulation method comprising the steps of:

(a) inputting a liquid distribution ratio of the distillation
apparatus at which liquid descending from the top of the coupling-type
distillation column is distributed to the first chamber and the second
chamber as a liquid flow rate distribution ratio of the distillation
apparatus at which liquid descending from the top of the main column is
divided into liquid descending along a feed side section of the main
column and liquid fed to the side column through the first liquid flow
line and descending along a side-cut side section of the side column;

(b) calculating equivalent diameters of the first and second
chambers of the coupling-type distillation column, respectively;

(c) inputting the calculated equivalent diameters as column
diameters of the main column and the side columns, respectively; and

(d) performing simulation operation.

3. A method for simulating a distillation apparatus including a
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aoaSE! coupling-type distillation column having a column body whose interior
is divided by a partition into a first chamber and a second chamber,
wherein a material liquid is fed to a side portion of the column body; a
distillate is discharged from the top of the column body; a column-
bottom liquid is discharged from the bottom of the column body; and a
side cut liquid is discharged from a side portion of the column body;
the simulation being performed by use of a simulation program for
simulating a distillation apparatus including a main column and a side
column in combination, wherein the top of the side column is connected
to the main column at a first position provided in an upper section of
the main column by means of a first liquid flow line and a first vapor
flow line; the bottom of the side column is connected to the main column
at a second position provided in a lower section of the main column by
means of a second liquid flow line and a second vapor flow line; a
material liquid is fed to a side portion of the main columnj; a
distillate is discharged from the top of the main column; a column-
bottom liquid is discharged from the bottom of the main column; and a
side cut liquid is discharged from a side portion of the side column,
the simulation method comprising the steps of':

(a) inputting a liquid distribution ratio of the distillation
apparatus at which liquid descending from the top of the coupling-type
distillation column is distributed to the first chamber and the second
chamber as a liquid flow rate distribution ratio of the distillation

apparatus at which liquid descending from the top of the main column is

divided into liquid descending along the feed side section of the main
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column and liquid fed to the side column through the first liquid flow
line and descending along the side-cut side section of the side column;

(b) calculating, in accordance with the liquid distribution
ratio, a vapor distribution ratio of the distillation apparatus at which
vapor ascending from the bottom of the coupling-type distillation
column is distributed to the first chamber and the second chamber;

(c) inputting the calculated vapor distribution ratio as an
appropriate vapor flow distribution ratio of the distillation apparatus
at which vapor ascending from the bottom of the column is divided into
vapor ascending along the feed side section of the main column and
vapor fed to the side column through the second vapor flow line and
ascending along the side—cut side section of the side column;

(d) calculating equivalent diameters of the first and second
chambers of the coupling-type distillation column, respectively;

(e) inputting the calculated equivalent diameters as column
diameters of the main column and the side columns, respectively; and

(f) performing simulation operation.

4, A method for simulating a distillation apparatus as
described in any one of claims 1 to 3, the method further comprising the
steps of':

(a) calculating a difference between pressure loss arising in
the first chamber and that arising in the second chamber of the
coupling-type distillation column;

(b) inputting the calculated pressure loss difference as a

difference between pressure loss arising in the main column and that
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(c) inputting a target value of the pressure loss difference;
and
(d) inputting a flow rate of vapor caused to ascend from the
bottom of the coupling-type distillation column and to be fed to the
second chamber as a flow rate of vapor fed from the main column to the
side column through the second vapor flow line, wherein
(e) the vapor flow rate is calculated in the simulation
operation such that the pressure loss difference assumes the target

value.



