AN9E519ULUUTIa0INT A LAN LAATHIUIIURAY
uazfnwiraimuizanlun1sniaalanasnantaILE

WYY LOBUFNTETI

Gaaninusiiduanumilwanisinnaiumdngast3ygianssumansindo
dudvianssaall AngARaNssuANER
aatumalulafnszasunananaammsainnsels
Unmsfiny 2560



AN5E5149LLUUIIA09NSAALAN LU LN UAU
wazAneIaImuIzanlun1sNIARLANDBNAINLATLH

WY LDUUENTTITU

U%cgmﬂﬁwuﬁ‘ﬁﬂudquwﬁwaam‘sﬁnmmuwé’nqmﬂ?cy, UIIAINTTUAEATUMTN
A1 IAINTINAL AMSIAINTINATERS
danduwmalulagwszeundndnammisainnszls
Unsfnwn 2560



MODELING AND OPTIMIZATION OF COKE FORMATION
IN CRUDE OIL FURNACE

PITCHAYA EIAMSUTTITAM

A REPORT SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENT
FOR THE DEGREE OF BACHELOR IN CHEMICAL ENGINEERING
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
ACADEMIC YEAR 2017



USeyautnusisag nsasskuUIasIMaAalAntum iR uwasAnyan
winzadlun1siidnlanaanaINLaILH

ng UNETIAYEYT LDIENTETT svain@nw) 57010891
1snUInen ns.euny atudRlaTa
USeyayniinus AmnssuAansUndin arv3yndmnssuad

anUuwmalulagnszasuinanaummIaInnszds

Usyariinusilasunisfiansaneyd@liduidudimiiaesnsfinwaundngns
USgeuiAanssuransindiea anundvimnssuel

AMENTIUNTNTIVEDUUS YNNG

............................................................ UIEI1UNTTUNNS

& aa s

(75, 010Y dUUARDAIRAIUN)

2
............. }N \rt}ﬂi‘illﬂﬁi

s .
............ &mmjl’g“m{”&ﬂﬁumi

(n3.Am3teg ednTousad)



USquayrilnusises nsasrsuudtassnisiislantuneninfufivuasAnwinand
wingadlunisidalanaanainianien

ng uamfivg Beuavdssi

salnAnE 57010891

Usauan AMINITUAERTUNR

2R APNTTULAL

Unsfnen 2560

g191587US N A5.040% BUUART TN
UNANY

o as

ik misuiuludiiinnuddalundsnsnduiiuivredsinduliasdes
wnfivihilumsifiugumpiveniituiuneudigrendu Tnedgmitfhasiatum e
fonsinldniadeuindeiuluvieteasdmadanszuaunisudndely Sadesiinsidalan
aelurieagiaue ddunaidnldnisnzainsiendsmlddisuazgydonsldannisvgs
nszuIUNTsHAR uinlddidaldnasilmanldnindauiaiioludiunaman dealidadld
Gowdslunslimnufousnn duju Seasidalinlunaiiomnzan welideelddedes
fign msfnwluudfuliinsadanuuiteosaunindseyiusansiy (Ordinary differential
equation : ODE) vasansnthsiuiv finguavasdilodnuinalnnininldn wagnisdiew
anuseuiiormuinnariivngaslunisiidalan lnsutsnsAiuaeendu 2 @ fie di
nMIwANuTeu uay drunsudsedrnuteu Tudumswanuiauasiinnisnamauiou
NNTWIANLTaULATN1TLESIERLTauYeILAd TudiunisunidausauagiAinnisanam
AauseuuAstuiuludunsnmnieu wiazdnsunssdannuiauannidailvfnie s
Fae anildteritu ode1ss Tulusunsu MATLAB suszgasidlunisudilym uuushaesd
WazuansdnsnsnisaaeuvestinlundivesameUsimantamdiiid Usinademddild
aggmitludunandudildtissmiuamialfnuazselingyidaainnsganssuiuns
kA omualunsiisldnfuanganiian lnefinnsanainnaidialdaeiia

nmsAnsuIEsImMaialAnwesdanleudamadvinaniutuludnuas
S-curve Famssiudanmsiuturemeniuiily Tnsanuisaesunemsinldnimdu 3 92
fo danfteudt 0-3 ludiidsasnisidaldne esnlénfifntuinaainnisriu isen
sswhsidufvuazesiussneuremtieduldaiidnsd dauiteud 3-7 udriisns
muialéndstuegmng Tnsufisefidatuinnnmeinjisesewiahiuiuues
TAndeiidrnsiidnangs wagdrdoudidoud 7 Guduly urasiidnmniaiinldnanas
dlesnanumnldniiiiumntu vinldiuilunisiuiisenanas Wothuailduduam
svavaniimanzadlunisiidalén wudiiissesinan 7 Weudussesnariieginlignde
Aldianeselsinfian Aafiudu 2.75 wiludnum



Report title Modeling and Optimization of Coke Formation in Crude Oil

Furnace
By Miss Pitchaya Eiamsuttitam
Student ID. 57010891
Degree Bachelor of Engineering
Program Chemical Engineering
Academic year 2017
Advisor Dr. Amata Anatpinijwatna

ABSTRACT

Crude oil furnace is an integral part of a crude oil distillation unit (CDU) in the
petroleum refinery industry, it’s used to heat crude oil before entering the distillation
column. Problem associated with the furnace is the coke deposition inside the furnace
tubes which affects the operation. For this reason, furnace decoking is needed which
cost cleaning cost and revenue loss. In case of no decoking operation, coke will deposit
inside and more fuel consumption is required. Therefore, furnace decoking should be
operated in the appropriate time to minimize all cost. In this study, an ordinary
differential equation (ODE) model of the furnace has been formulated to study the
mechanisms of the coke formation and heat transfer to optimize a decoking operation.
The calculaticn boundaries are divided into 2 sections, convection and radiation
sections. There are heat transfers by gas convection and gas radiation in convection
section. And in radiation section, heat is transfered by gas convection, gas radiation
and flame radiation. Then, odel5s embed in MATLAB has been applied to solve the
model. The model illustrates the rate of the coke formation and deposition on the
furnace wall and also provides fuel consumption of the furnace. Then, the modeling
result is used for optimization of decoking time.

The result of this study shows that rate of coke formation and rate of fuel
consumption are increase in form of S-curve corresponding to general fouling curve.
The result curves can be expressed in 3 stages. At first 3 month, all reaction is occur
by react crude oil with tube wall which has very low rate of reaction. At 397" month,
rate of coke formation is higher than the first stage as a result of reaction between
crude oil and coke which has high reaction rate. The last stage, from 7" month
onwards, rate of coke formation is decrease according to the increasing of coke
thickness which leads to the reducing of reaction area. The optimization of decoking
time shows that the furnace should be cleaned in the 7" month which cost about

27.5 billion baht per year.
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synAtaAsaiindsnusniy anusaialdislureauds vesvanazuia Sammaniowm
mm%aur?f'samarﬁwz%uagiﬁua”ﬂwmwmﬁ]ﬁuaaéf‘maw lauA anuvul Tanvedanans
wdinuuenaesznigamgiagluiina1s anunguesliies (Fourier’s law ) fsan1g
fi 2.1
dTl

=00 2.1
¢ dx

dle  Q fe dasionsenamanuseu

kK #e Adulszansnisthauseuy
ar ; g
I AD ANULANANTBIRUNAL (Temperature gradient)

2.3.2 N1SA1EWMAIUSUABAITIND

AnsmALdeudignisn Wunisiigmndsussnseiiuiavasyedaiu
goumavseuiad st dundeud Bwedlnandsuiisa Shsnisdiempauieudae
nswazBaunniy lunsdfveslnaldfinsiedeudt sas1msaremainy$eussninafiuiin
vosudanazvedlnarzifnduiissnmsmomaiudeouiionisiiviniy $nsinsaemai
Souspntswazdudadiuiuanuuandievesanmall uazanunssesuremenguesiasiu
(Newton’s law) fisanasi 2.2

O=hAT, -T,) 2.2

dlo  h A dudszAvinisdremaudeu
A A fudimlunsanemeuseu
T, Al qmwgﬁmaﬂﬁuﬁwmlﬁq
T.. Ao gungiivesvailva

2.3.3 MIinumANUTaunenIsueESE

nstemaufeudiensudied Aewdwufignudeseenanluguaduusdmanlui
w38 Lnnau é’uﬁluwammnmiL‘LJﬁ'auLLanaa5Lﬁﬂm‘iaumaiuazmaw‘%aimaqa ASEELN
Audeudienisursddunnseainnsanemaiudeusionistiuaznisw eswnld

Fudusodliiinandunisiiamanaiou Fsnsaemgluuuilidunsdieiamuseuiiisiiign



@anudavinanuiia) dasnsvanvaesndsnuniuinfianainsaduiulaainnguesa
winu-luandunuid (Stefan-Boltzmann law) fiaaunisi 2.3

QO =ocAT* 25

Ingaunmsikansdenisvandasendanuluanued Aanisuanlasendannuain Jagea deaz
drwnnin1slanudoendenuainingass dnsmsinewmanuieusienisusiedvesing
34 annsaAnnalaAnauMa 2.4

QO = £cAT* 24

[y

sy swedrnufeusesituiia
Armsiiaiavituluanduut Saniifu 5.67x108 W/m? K
o WudialunswiSadnudeu

qquﬁmaqﬁuﬁa

2.4 asAUsznaUTBSNTLRY

ossnitufvisazunamsiiesdussnauiiuand ety annsresuadnnisingi-
dsean tifuAvluusymalvevensumaning [6] wuiszimdlnednasindnisuduain
Uszmaggionszidemndudududug Tulassnuatuiiddesiuszneureaisfufuain
Ussinannaionssidelunsduin Srasduszneuvonituiustsnugumgigndnveage
wanase lagnsenuliluduiinnisusseieves R. Uppaluri [7] Fanandlumsed 2.1 Tng
dndnveusazasrusyneu szdmasiadnTn1sAnlAnAune ety

M13199 2.1 asAUsEnauTaniiuAuLUmINE VN IIndnvasAAen

99AUIZNUYAIUTUAY AUNYIIAANVDIYAN DN
w1 (Naphtha) Wwid - 463.71 LAau
\Alsu (Kerosene) 463.71 - 552.04 1Aaiu

ufigeaealun (Light Gas Oil : LGO)- | 552.04. - 594.26 LAaiu

Lhdeauauin (Heavy Gas Oil : HGO) | 594.26 - 633.15 Laaiu

Anthsfu (Residue) 633.15 1aaiu 3wl

11NIAUsENeUTBIiUAY aunsadumyahenmislaeUTeTialegldteya 91ngUn

2.3 lafeannis

VABP=% 25

wazAahwinluanawdevesusazasrlssnaulilaglddayainguin 2.4



Temperature °F

°API

Geispasabinan

S R

TN B b T g

HPHD RPN P S

s ke dad e d sk atrahe iy A d

Volume %

37U 2.3 n31vl TBP vesthifufvanUseiemanensuiy [7]

100

ernedrrands

P

.
s aFransd
1 1
3 M
amaad Arrasrmara
“ .
e & sfeacelesa
i .
S CvE PR
-
-

o
()

Volume %

JUT 2.4 n3l APl vendfuRuIINUsEIMARNgRenszile [7]




2.5 nalnnisialan

NMUITEV09 J. Towfighi wazame [1] nandfazermilugnisiialanluviaves
wdEuAy Henenu 3 Ugnsen aall

251 nalnmsiinlanainduseufjisen (Catalytic coking mechanism)

visvenmuslugaamnssusaqinazUsenauludelandon finda uay wén Tu
USnauiiuandnafy :nguil 2.5 ssriensdudiuaioasin aslelasaueuasdudary
wifsvaansasUfnsallasnse ludisusnluanavedlalasasusuasgngadumenszuiuns
manivuiiuiivesmdnlane wasdnufiseinuialiniafaidulén Mmeomeiosnouves
A1SUBURTATATEuATLNSHuaYNIATadlany ildlinsasauvesafueululane uasiin
arudulusymelane synevadlanswendduniuiauazndnaniueu Baduiuges
afusuiiindnlanzagiiduuugn

c
Tty :
| Z
i -~
c Z
¢ TN 7] meta) surtace
” } L’ At
TS 95 g e

sUN 2.5 aussunsiiadulelanainisedgnse (8]

2.5.2 nsAauuluvedinaazlsuafn (Polyaromatic condensation)
UjAse1niuanidenasiinlnadtaipaeseslsuifin (Polynuclear aromatic) 910

[

Ufjf3eoyyadasy (Radical reaction) siauanilugun 2.6 sxlsuafinludanarsfidfgy

<
]
=

Tngoglaundnuiiaaninainujiserlasiuaslaedu (Timerization) uagUfAze1duqi
Aerdesiveseiidu Uinsendduduainedisudnitfianismuuiuuasinujiseilelng
F1udu(Dehydrogenation) ¥inliAnduazesvaimisvdatvddsdeanuisaiJuldeis
veavamazvesndaneldanneneluminnisiuiu azessusdinasnsenu funtae
wa'suﬁlvmﬂﬂaﬂmgmﬂla LLmvTamﬁaamﬂm%m”muuwumLLa“am'JaJ"Liﬂ,uwIﬂn
WaNuiifuusnvesay aaqmmuuiumﬂﬂgﬂ‘smﬁlaimmwuuamqaumm el
UFAsenilalastiuduieeyyadasslufpnalefiaulululdfanindulénuasionis
zausaly
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_. . . PNA/TAR
= g

H Condensation
2

Dehydrogenates to form coke\' /

UM 2.6 M3LiaTuredlAnIINNITAIULIY

2.53 nalnnsiinlanainayyadase (Radical coking mechanism)

luanavesarslidudimunamrsnifudadiialdnld daluanamdriozsin
Uz wmisiidueyyadase (Free radical) veslAniflagifiy 91n3Ul 2.7 azuand
grdumsiinuiniend tuduldezaniin (Aliphatic) vesluananiafianisaaiof dud
wiosgvadluanasziufitesesunatsdulasiadisrsmu uasiinujiseiilalns
Jwdudelusgenniiy aluserlanfnderiuluFosq uas sunisiidueyyadaszes

Tanfeziiatulwmileanufasedlalasduiuy

ﬁ— ;

/\’///
+

a2 LT -

Dehydrogenation

S5 em,

JUN 2.7 Tumpunisiialanaineyyadase
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2.6 33N13AlAN

MNUMAMLYDS R.Sahu Wwag Ay [9] Taidaldnilisumsseuiulugnamnssy a
Usznaulude 3 35dsil

2.6.1 Fndalanlagldleuiuazainid (Steam-air decoking)

ﬁdl:“} !; A 1 1 2/ 1 H‘H v 1

Feilouranavediveiniaszgnieuliluaiiudlvluvieniiléninized wazly
wuziieatuaziinslinudeuiuvie antuldnazifinnsnaiuazsuaneenanuiive
nau191InUnTenveslanaamvaiias loun wazeinia eazlaarsveulasenlad

4 & 1 a s & qddydl 2 add 1 = I a 2

A1suaunauenten warlalasiuilundniug 35U0eUusnlddulinsdeduinday
wanniAttdudusnan1suaninvewiednnie

1

6.2 A5MAnlAanuwuu On-line spalling

qd:’i’ @ o LY o [} o =Y ] -:l' 1 = s
Bilunisidalanlasnisinlfaanglinteluredsundasedradsundu

(Thermal shock) ’Lu‘uﬁuzﬁmeﬁ'}ﬁuﬁuﬁﬂé’aﬁ’muaq Tnsnisusudnsinisivavedletiuay

- v v Al 1 1= ° v oA A A woa AdAa Yy = Y
u’]ﬂﬂu%ua@uml%a“qu'ﬂﬂ qﬁﬁﬁ]smﬁlmﬂﬂﬁLﬂa@UmNu@Wa‘W@ﬂa@ﬂ ’Jﬁuﬁ‘uaﬂﬂaﬁ’lmiﬂﬂ’l’i}ﬂ

N

TEnlalaslifesmganiniuresnumt siuulazdseansenuiedundoutosninis
dnlantaeldlothuarene eglsinisiornesiausodialfnesnanviolduun 3
Hanefearindnsaedsaugsaume uenani iUt dwanizmusena iownanainainnns
RAFILAZVENURDILAINNITAIAALAN

2.6.3 2DNINALANKINAALUY Pigging (Mechanical pigging)

Juvmsmuniiinanmsiiealdngsaesistounihilarlifintufuasl nsmda
TAn@anauuy Pieging tflunsyuaunmsduipdau Pig iudluluvislaenisld Pic launcher
fanuszasdiiovhenmazenauagnsrnaauvie 1ne pig ugunsaiignladiluluve aunsn
wndeuiildedidasy Ingldveslnadiugaduiedeu msmdaldnmeiRiannsafdnldnld
Aauramua uaz Maaieeiiandefiuiuisoug

5UTl 2.8 gUnsal Pig [Nisshin-Polypig, Co.Ltd]



unit 3
YUADUNTITATLUUIIU

3.1 YunaunIsaIUIIU

= | o 1 E’.
nsudoudsnsadisuusianives | Cameron way A [2] Aldnaaliluund 2
Falathanlfidutuseulunisaduauasiauusiassnsiialan iUl NALNT Ay fail

3.1.1 msmualynIuazuuUIIaeg

nsafisuvuasaiiedumamuiinaldniedevntisie o vatlaq warAuinm
srpznaiivnzadlunsganshaure wewnthiuiu Werdaléntazay Taoildlk
Auenldanetiosiian

3.1.2 #5194 UIRAYBILUUTIEDY

gauwanAauuUedu 2 dw loun diuniswienuiou wagdaunsunsadai
Fou fauandlusud 3.1

Convection
section

Radiation
section

& g L =
;51.]1’] 3.1 WWLRNUNHURAU

L4

InafauyAgiulunisAin fil
- ssrvsznevvesihsiufivluremiloutunnyn
- Wnfdetufiodunsniuiomeifntulumimndidui
- Wanlnfidnuasfuumisdvdon fenugauazanmgiiagg

=)

- gungivesufianifiaannisenindivirivgumgiiveauaslwludiunisussed
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- Sammafnldnyifusasnsiedeuvedéniintie

- Iﬁﬂ‘ﬁlLﬁﬂ‘ﬁuLﬁG]'ﬂ’lﬂﬂ’l‘iLﬁﬂUﬁﬁ%ﬂﬂuﬁ’ﬂﬂ’lﬂ‘ﬂmL“v‘IﬁlLVi'l‘lfu

- TAnfntuivinawhimilunnsumisesis

- TEniAntufienuviaun fetldfinsinauagliBanimmanudounnlén
sususmannsildlunsdnanissemauion aunsdnsInAnURATe fadl
nanl¥luuni 2

312 ‘numm%’ag’aﬁ&u’aﬂ%’tumia%’mmm“qaaq
saunuwdmesaegildlunisaiuin Wy SnwaEN1IN18ATNY0IalULAILNT
UnsTufu andRvesiniiufu masinduiusiunisanamanuiou Hudu

Ltube

sU¥ 3.2 anwauzraaalueeitndufv

U

A13199 3.1 ToarBuRLHITUAY

Joya MY
Sediviornulu (rupe,) 0.048 Wng
SATlvioA UUDN (fupeo) 0.06 Wng
ANEIND (Liuse) 3.4 LIRS
ANUNUND (Axeype) 0.012 LIRS
F1UUvID (n) 148 9
ATHGILA LN 125 R
ATIUAINLANAT 55 LR
AL NUANHT 5.2 LIRS

A157197 3.2 @N1ITAMEUIY

Uaya el
dn51nslua 45 Alandu/Aui
paumpdidiaien 504.15 GERY
gauniivaseanandiuniswiauiou 561.65 \Aadu
samgiifleanandrumsuwsiednuiou 635.00 AR
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3.1.4 Asa51uuudnasy

) a r::i 2] 9/ q‘f v [+ o
u'}ﬁmﬂﬂ‘iLLaSW']i’liJLﬂ@iﬂi’]ﬂi’]ﬂl’]ﬂﬂﬁ‘lﬁﬂﬂu uﬂéﬁ’NLﬂULLUUﬁ]’]ﬁﬂ&IﬂEﬂ‘ﬁU‘iuﬂiﬁJ
MATLAB #4dl

Crude oil

Tcrude,o

Tcrude,i

JUN 3.3 dnuairvaavisuasiinnienisivaresiduaunielumimn
3.1.4.1 dunsurFedaNsau Usznaumedunis Al

gnTnsaewauTeunldlunnifivgavgiiiufvludiunmsudssdauiou
a1u13a Anulaenaunisn 3.1

Qz:?udeaif,r = ma’udemfc ( crudeoil,or :Z-'crudeoil',i,r) 31

Nunwaniasurnusaunsluvieaiuisamuilaeaaunisn 3.2
A.rube i 2727’;”56 rLrube 3.2

INFUNITATITWIAIUTDU Qﬂ_udwi,r = hﬂum!r mbe](kae,i —dewﬁ,o,r)awmmw

sualdludwingamalivesdannduranuinduauls seaunisi 3.3

Qcma’e oil,r

Tcai:z,z’ < h +Tcrudeail,o,r 3.3

crude oil ,r “ “tube,i

Aanuruvaslandlafinlaniadauiynduvisesrivisluninninduiu a1
AwanlAfaaunsn 3.4

P lubei + \/(2 fh‘bL : (4 % 0 0 1 Lass mbe: ) 3.4

‘ LR
Ysuesveaddnidadalanefsumynimisuemifvsluniwidisiuiu aunse

Annlansaunsh 3.5
I/c = :ELtube[ tube,i ( ube,i 7xr:)2] 35

YSumsvasiaazananiialaninnuvununniu feusuinsvesiaiasuludanunss
Aualaanaunisy 2.6

Vcd = ﬂ’:ube[ tube,i ( lubez = xmke )2] 3.6

sragvalANTlARaUNTSYiaa 1LNsaAulale Asdunsh 3.7

”
By = d

37
mbez ( tubei )
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funvadlanduiaduihfiududelinduadouldnmneiumisvesiivie awise
Awdalldnaaunism 3.8
Cal = zmi‘ube,iLd 38

HunvadldnidudaduiidufudislAnadeumynamumiaeriiave aunsaauIn
eifsaunsit 3.9
Ca2 = 271—(rmbe,i -—xcake )Ltube 39

o

= :i' ) 1 q’ 145 9 = o ¥ as o
wumawuwaﬂmﬂﬂﬂLﬂaaummmmmm"lm AedUN1In 3.10
Cat = (zmube,i[’mbe) 7Cal 310

(Y] a b2 & o v .:,]
E]GﬁqﬂqﬁLﬂﬂIﬂﬂ‘E}aﬁa\?ﬂﬂigﬂaU m a']i.!'ﬁﬂﬂ']u’lml@ ANEUNTTN 3.11
¥, =(C pCa#Tk )+(C, xC, xk) %11

AMUVIUNYRIlANALAATUaILTAAIWINLA Fadin1Th 3.12
XMW, xtx Vf

_ r m,n urnace,r
o= 7 3.12
IO coke “~{ube,i

» J L A %),
WethaunisnisdiAnuieu O _ HKovte At Tisvoir ~ Lt

crudeoil r

WU Ay

X coke
anunsoAaenngiiven e ily lanaunim 3.13
Q 5%
crude oil ,r coke
T:ube,i,r i Tcoke,a,r = k A J, coke ,i 3.13
coke “ “tube,i

& A P o w o v oW PN
‘Wu‘l/]LLaﬂL‘lJaEJ‘lJﬂ’]’I;LI‘SQWUaﬂwaﬂﬂuuaﬂﬁﬁu’ﬁﬂﬂ’lu’lm‘lﬁ ANENNITN 3.14

A

tube,o

— EMube,oLtube 3.14

FuUseansnnsianuSouvawiedunsoiwladle Aedunsi 3.15

0.04327%T,,., +T.p...)
kmbe = _1257+ tube,i tube,o 315
’ 2
d . . ) Koiber Anveo Tveos — Thses) o
diethaunisnmaanudou O, ., = —r—wee _nbeel _Wel ydagy 1
xrube
annsarwnguniivewtivisauuen laswun1sn 3.16
Q. i, RAE
crude oil ¥ tube
‘T;ube,o,r = k A I;ube,i 316

tube,r “ “tube,o

9n5111511ANNS DUl UNT IV L VNA U RTINS ANEMANUS BUIINNTWHS BB
wWarlviazudasiuAusnsinisnianusauanwia auisarulansaunisn 3.17
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. _ 2;’1:[’ k T;ube,a,! _T;ube,i
Ql - tube" tube,r
Il Jbee 3.17
r}ube,i
4 4 4 4
_ Cr(’J-!'-'_}‘I'c:m'.'e - T:‘ube,o,r) h A T T O'(Tgm - Ttube,o,t)
- fhess 1 g3 gas M tube,o ( gas Iube,o,r) % fes 1
gtube gtube +
€ tube Alube,a 4 ﬂameE’j grubeAlube,o Agas E’j

3.1.4.2 daumswianuiau Usznausmeauns fil
gnsn1sarewmaufeudildlunisiivgamgiidufvludiuntsmianuieuaiinse
Awuladsaunsn 3.18

chude oil conv = mcrude aiicp (T'crude oil 0,conv Tcrude nz’l,i,mnv) 3]-8

INENNTNITNAITUTOU O

crudeoil ,conv 1] hcmdeoil,conv Alube,i (Tcoke,i,conv - Ta'u([eaii,o,conv)
anunsadasuiieldludinmsangiveddniiduiaiudiiuduld dsaumsi 3.19

chude oil,conv T

crude oil,o0,conv 3.19

coke i,conv h
crude oil ,conv ™~ tube,i

w - 1% & ° PYRRY) =
@ﬁiﬁﬂﬂimﬂiﬂﬂ‘ﬂ@ﬁ@ﬁﬂﬂ'ﬁ%ﬂ'e]'U m aﬂmmmmmlm ANEUNITN 2.20
r, =(C,xcatxk )+(C,xC, xk)) 3.20

ANUNUNTRALANTILAAT WA OAWIMLS AeaunIsA 3.21
oYk XMW _ xitxV

furnace,conv
X ke — 7 3.21
p coke “ “tube,i

L& kcuke Ambe,i (j;ube,i,COJrv P I'coke,i ,conv)

LHUNFNNITNITUIAITUTDU chudeoif,conv = UM
‘xooke
sU avarunsaruinenmralvetiaiontulu lassaunisn 3.22
U 9 U
i _ _ Qr:rudeoix’,conv XX coke 7
tube,i,conv — * coke,o,conv T coke,i.conv 3.22
kA
coke “ “tube,i
fuUsyansnisthanudeurewioausamuiula Asaun1si 3.23
0'04327(]:ube i,conv + ‘Ttube o canv)
k:ube,canv = _1 257+ : 12 = 3.23
. koo o A (T T )
o ° £ tube,conv* “tube,o \" tube,o,conv tube,i,conv
LAUNFENNITNTUIRANUTOU chudeoﬂ,canv = i

X

tube

Jagu azaunsarwingumgliveskfviadiuuen ladwaunsi 3.24
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_ Qa'udeoz'l,conv x Ax:ube 4 T
tube,o,conv k A tube,i,conv 3.24

tube,o

tube,conv

5517115U1AMNT U UV 9 ZMAUSASINISANENAIILIDUINNNISESIAVD L AE
SAAUTATINISNIAIUSDUIINWAE AUITOFIUIULARIALNITN 3.25

_ 3.25
> T 27[1—1 k tube,o0,conv tube,i,conv
QZ - tube'* tube.conv
1 n P}ube,o
rrube,i
4 4
_ h A T O-(Tgas _‘T;‘ube,a,l
— Mgas mbe,a( gas - lube,ﬂ,r) 1_‘5 1
tube
g:ubeAtabe,o Agas F;'j

Watharnudounldlulsazaiuuisiiniu azlausunumnudauifainiIsanliomas
PIVUAFIELNTT

Qlolai = Q] =+ Qz 322
NEANNIITIIUENIMTnas 1 duvEng 3 wuadeslanisien 3.1 way 3.2

3.1.5 FBmsunUynivesuuudnags
Tumadsunuushassiia ey odelss vaslusunsy MATLAB Tunsuftlam
aunaudseuiudansiy (Ordinary differential equations : ODEs) Tnedtariduiiagldnismn
pyWuUSITIRlaY (Numerical differentiation) A7835139U3e8 (Implicit method) Tun1s
Wity e amsanninldnamelumiamintuiv fasaasdy araruan
faridu xcoke

3.1.6 N1INTIIAIUAINYNABIVIUUUIIG DY
Iumimi:maaum'mg}néfawENLLUUﬁﬂaaeﬁﬂtﬁamnaauwam‘sﬁwmm'j%ﬂulﬂ
a A v oA ' | - | ~ v o o % A ™ v A X
auwuIAne b vsald Wy Wiananuluusuialdnzdsafindu WeauSuialdniiuiy
zdadldidaindalunisenluiuiniu fuwdsunatazdesdianduuinaus Sawdsu1ean
zdnsiianlasuluauan Wearnuessrusznaurasuniufulisulusnsnisiinlanay
wWasuly Wusau

3.1.7 n1snsavdeunsinluTdveswuuinaas
n1snsiasunisilildvesuuuinass arunsansiadeulalagnisiussuiiiou
Sasnsialanilaainuuusiant AushTImsRalAnitinTuase Inesnsinsialéni
AnTuazdeidnuaniiu S-curve was dasduiusiuUSnansddemasiiiviu
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3.1.8 MM3IANTUazdaNUITIMULINGDY
ludupauivililaenisinBesdoyalunvusiaesidudndiu Imsdoudiesune
vadusazdusauevihesan1silaviseudluluauian

3.1.9 MaduImmivangaiigalunisiidaldn (Optimization)
lutuneuiagidnsnisldidomadduudazifouiildannnsadrauvudians wn
funandumldidomnds AldanglunsvihanuazemeiakazAnsgadeseldsed e
fnsvgamasduduananlunaifuandeiy wesinainssenineldietomn
wazszznaTlumsiLiunuae wemgaidaldaiedednfian



= a & = o w o | T o
19191 3.3 uﬂﬂiﬂ"ﬁﬁ’]uLLU'JLaﬂqaqﬁiﬂﬂqiﬂquqmlua'-JUﬂ']iLLNiﬂﬁﬂ’nu%’au

quna3i W1518nes (parameter)
Sloll Mg o1 3 Cp s Aba g2l B Q. rtcoitr
32 Tibe,i > Ltube Qerude ity (AT
3.3 e b Olpians | A Tcokg.‘i‘
3.4 Tiube,i Quriteoity | Anbeysl e
TR
3.5 Tiibei» Liube Qerudcoit | Ao | Teowe:-[REIEN CQ
3.6 Tyubo,i > Lube Qe oiff ff Aibej |1 bkes c )
3.7 Libe,i Qurude ity | Asubei) | Toores M i
3.8 Tivbe,i Qfdoim| Afieg | el [Ret@s
3.9 Toubeyi> Liube Q. 7| AmppilipiitXal 1/ Yoobl,
3.10 Yo 5 Ltube Qe Form f Ridai (NG | XY Al AR AN
3.11 Cn ki Ky QL& vigd AnsatrtiL bkl Folh Henrrar o
3.12 MWV s D Qe N PR Tooesi [ %o | Vo | Vet LafCui | €
3.13 et KRR QY &S L,/ SCAAZCE Tat | e e
3.14 Tibeo s Lube Qerdeoity | Awbei | Teokei | Ko | Ve | Vea | La | Car | Cuo | cat| 1, tube.ir
3.16 Ax,,. o Tz | V.| V. |L | col eeat |
3.15 5 Qurdeoiy | Awbei | Teokei | Xeo| Ve | Vaa | La | Car | Cafcat | 1, | %
3.17 Liube > Trubeo » Frubesi Qcrudecity | Buuei | Tookei | Ko | Vo | Vea | La [ Car | Can | cat | 1 | X

6T




d C=) =l o g o 1 2/
M990 3.4 wysndauuundssdrmsunisauialudiunisnianuiou

= a
AUN5 w1s1iwe3 (parameter)

3.18 My it » cp ’ Tcrude,o.conv ) Tcrude,i,conv ‘Qm‘m'lc oil,conv
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Tcukc.i conv 7. 2 Vc
3.8 rtubc.i chude oil,conv Atube,i Tcoke‘i.conv Xe Vc
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3.23 7 chudc oil,conv Atube.i Tcoke‘i,conv X Vc cd Ld Ca.l CaZ cat | r X coke,conv
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4.1 wan1se319uuUIIasy (Modeling result)
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8.2 Nanﬁm’mﬁaumwgﬂﬁawmLmua‘i'laaa (Verification result)
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a15197 1.1 Wsiwesildlunisadrsuuusiassdiunsuaadanudeu

W13 A 2
Merude oil a5 ke/s
Co 5,35 kJ/kgeK
Terude,or 635 K
Terude,ir 561.65 K
Mtube,i 0.048 m
Libe 3.4 m
Nerude ol 3,737 W/m?K
Chaphtha 17315.92 mol/Lit
Crerosene 11798.58 mol/lit
Cleo 20144.93 mol/lit
Cheo 14019.78 mol/lit
Cresidue 295895.16 mol/Lit
T — 23626 m?
Pk 900 kg/ m’
MW iaphtha 106.428 mol/g
MWierosene 169.481 mol/g
MW, co 228.121 mol/g
MWheo 278.165 mol/g
MW esidue 594.377 mol/g
Keoke 6.46 W/meK
Ttube,o 0.06 m
AXtube 0.012 m
Figas 217 W/mZK

A15199 1.2 W50 a5 I UNTAT IR UUTIaBIEIUNITNIAIUTOU

w1slnes A %u72e
Terude,o,conv 561.65 K
Terudejiconv 504.15 K
Nerude oitconv 4,871 W/m?K
Ngas,conv 2385 W/m?2eK




#1919% n.3 Windwmesnlglun1sOptimization

wrfinas

A WU
ANENND 503.2 m
A1 pigging 695.07 Baht/m
a1lunis pigeing 22 hr.
sreminsiu 8463 | Baht/barrel
SN 250 | Baht/mmBTU
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ANARNUIN U

N15438U Code TulUsinsy MATLAB
Script

clc

clear

%% m = component —> naphtha kerosene LGO HGO residue
%% t = time

%% s = section --> convection radiation

% r = radiation and conv = convection

%%%%% parameter radiation section-%%%%%

m_crudeoil = 45; %kg/s

cp =5.35; %kJ/Kg K-Cp crude.oik

T crudeo r = 35, %K

T crudei r # 561.65; %K

r_tubei = 0.048; %m

L _tube =34 %m

h_crudeoil r =4 3737, %W/ 2K

C =4.307e-3 1.164e-3.1.097e-3 5.137e-4 2.374e-3] Y%mol/lit
V_furnace r = (96)*pi*(r_tubeiA2)*L tube; %m"3 >.96 = No. tube
density coke = 900; %kg/mA3

time = [0:50]; % month

MW = [106.428 169.481 228.121 278.165 594.377]; %m component
k_coke = 6.46; % W/mK(coke thermal conductivity)
r_tubeo = 0.06; % m

deltaX_tube =0.012; % m

% 9%%%initial condition%%%

x_coke0 = 0; % each component

%%%%% calculation radiation section %%%%%

Q _crudeoil r = m_crudeoil*c_p*(T _crudeo r - T crudei n);
A tubei = 2*pi*(r_tubei)*L_tube;
T cokei = (Q_crudeoil_r/(h_crudeoil r*A tubei) ) + T_crudeo r;

int_ k1 = 8e-10%(60*60*24*30),  %1/month
int_k r = 1e-16%(60*60*24*30), % 1/month
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int=[int_k1 int k r]

est = fminsearch(@constant,int)
k1l = est(1)

k r=est(2)

[tx coke t 1] =
odel15s(@xcoke,time,x_coke0,J,MW,V_furnace r,density coke,A tubei,C,r tubeil tub
e,kLk r); %UNIT m  %total coke at time

T tubei r = (Q crudeoil r*x _coke t r/(k_coke*A tubei)+T cokei; % =T cokeo
A tubeo = 2*pi*r_tubeo*L_tube; %Const

%%%initial guess

int T tubeo r = 1500; %guess
int k tube r =63.648; %guess
int r=[int T tubeo r;int k tube rl;

est = (sgnonlin(@cal kT,int r,[L0,0,T tubei r(1),A tubeo,Q crudeoil_r,deltaX_tube);
T tubeo r(1,1) = est(1);
k tube r(1,1) = est(2);

for i = 2:length(T _tubei r)

int_r = [T_tubeo_r(i-1),, k_tube r(i-1)];

est = lsgnonlin(@cal_KT,int r,0,0,0,T tubei r(i)A tubeo,Q_crudeoil rdeltaX_tube);
T tubeo r(i,1) = est(1);

k tube r(i,1) = est(2);

end

for i = L:length(T_tubeo 1)
Q rad(i) = 2*pi*L_tube*k_tube r(if*(T_tubeo r(i)-T tubei r(1))./(log(r_tubeo/r_tubei))
%Watt/month

end
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%%%%%% parameters convection section %%%%%

T crudeo conv = 561.65 % =T crude |

T crudei conv = 504.15

h crudeoil conv = 4871 %w/mA2ZK

V_furnace_conv = (52)*pi*(r_tubeir2)*L_tube; %mA3 --> 52 = No. tube
h_gas_conv = 2385 %w/mA2ZK

%%%%% calculation convection section %%% %%

Q crudeoil conv = m_crudeoil*c_p*(T_crudeo_conv-T_crudei_conv)

T cokei_conv (Q_crudeoil_conv/(h_crudeoil_conv*A_tubei))+T_crudeo_conv

[t x_coke t conv]

odel5s(@xcoke,time,x_coke0,J,MW,V_furnace conv,density_coke,A tubei,C,r tubeil
tube,kl,k 1)

T tubei conv #

(Q_crudeoil_conv*x_coke t_conv/(k coke*A tubei))+T cokei conv. % = T cokeo

%%%initial cuess
int_ T tubeo conv. = 1500 ' Y9guess
int_k tube conv .~ = 63.648 %guess

int_conv = [int T tubeo cony, int k tube conv]

est =
lsgnonlin(@cal_KT,int_conv,[,[,0,T_tubei_conv(1),A tubeo,Q crudeoil conv,deltaX_tu
be);

T_tubeo_conv(1,1) = est(1);

k tube conv(1,1) = est(2);

for i = 2:length(T_tubei r)

int_conv = [T_tubeo_conv(i-1) , k_tube_conv(i-1)];

est =
(sgnonlin(@cal_kT,int_conv,[1,0,0,T_tubei_conv(i),A_tubeo,Q crudeoil conv,deltaX tu
be);

T tubeo_conw(i,1) = est(1);

k tube conv(i,1) = est(2);
end
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for i = 1:length(T_tubeo 1)

Q_conv(i) = 2*pi*L_tube*k tube conv(i)*((T_tubeo_conwi)-
T_tubei_conv(1))./(log(r_tubeo/r tubei))) %Watt/month
end

Q total = Q rad+Q_conv

xQ total = [time(l:end-1); time(1:end-1); time(2:end); time(2:end)];
yQ total = [zeros(1,50); Q total(l:end-1); Q total(2:end); zeros(1,50)];
p = patch(xQ_total,yQ total,'b',LineWidth',1.5);

cdistance = cumtrapz(Q_total);

Q_consume = table(time',cdistance’, VariableNames' £ Time', CumulativeDistance'})

figure

subplot(1,3,1)
plot(t,x_coke t r)

xlabel('Time (month))

ylabel('X (m))

title('Coke thickness (radiation)?)
subplot(1,3,2)
plot(t,x_coke_t_conv)
xlabel('Time (month)")

ylabel('X (m))

title('Coke thickness (canvection))
subplot(1,3,3)

plot(t,Q_total)

xlabel('Time (month))
ylabel('Q (Watt)")

title('Fuel consumption’)



35

Function xcoke

function dxdt =

xcoke(time,x, MW,V_furmnace,density coke,A tubei,C,r tubeil tubekl,k r)
a=sum(x);

xC = ((-2%r_tubei)+sgrt(((2*r_tube)?2)-(4*0.01*(r_tubeir2)))/(-2);  %coke thickness
@cat = 0 (maximum coke)

Vc = pi*L_tube*((r_tubeir2){(r_tubei-xc)2)) ; %coke volume @cat =
0

Ved = pi*L_tube*((r_tubeir2)-((r_tubei-sum(x))12)) ;

Ld = Ved/(pi*(r_tubeinr2))-((r_tubei-xc)A2)) ; %develop lenght

Cal = 2*pi*r_tubei*Ld ; %coke area when cat still exist

Ca2 = 2*pi*(r_tubei-sum(x))*L_tube; %coke area when cat doesn't exist

cat = (2*pi*r_tubei*L_tube)-Cal;

if Ld <= L_tube

gat'= gals

Ca = Cal;
else

cat=0;

Ca = Caz;
end

rl = (C(1,1)*(catl*k r*0.01)+(C(1,1)*Ca*k1l); %rate of coke
formation from crude< - .%6UNIT mol component AmA3 crudeoil *.5)

r2 = (C(1,2)*(cat)*k_r*0.1)+(C(1,2)*Ca*k1); %rate of coke
formation from crude . “%UNIT-mol component /(m#3_crudeoil *S)

r3 = (C(1,3)*(catl*k r*1)+(C(1,3)*Ca*k1) ; %rate of coke formation
from crude  %UNIT mol component /(m?3-crudeoit™ S)

rd = (C(1,4)"(caty*k_r*10)+(C(1,4)*Ca*k1l) ; %rate of coke formation
from crude  %UNIT mol component /(mA3 crudeoil * S)

r5 = (C(1,5)%(cat)*k_r¥100)+(C(1,5)*Ca*kl) Y%rate of coke formation

from crude  %UNIT mol component /(mA3 crudeoil * S)
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dxdt(1,1) =
(r1*MW(1,1*V_furnace/(density coke*A tubei)+(r2*MW(1,2)*V_furnace/(density coke*
A tubei)+(r3*MW(1,3)*V_furnace/(density coke*A tubei)+(rd*MW(1,4)*V_furnace/(den
sity_coke™A_tubei)+(r5*MW(1,5)*V_furnace/(density coke*A_tubei))

%  dxdt(1,1) = r1*MW(1,1)*V_furnace/(density coke*A tubei);

%  dxdt(2,1) = r2*MW(1,2)*V_furnace/(density coke*A tubei);
%  dxdt(3,1) = r3*MW(1,3)*V_furnace/(density coke*A tubei);
%  dxdt(4,1) = rd*MW(1,4)*V_furnace/(density coke*A tubei);
%  dxdt(5,1) = r5*MW(1,5)*V_furnace/(density coke*A tubei);
end

9%x_coke naphtha = x_coke_r(:1)
%x_coke kerosene = x/'coke r;,2)
%x coke LGO =% coke s(;,3)
%x_coke HGO [ = x coke «(:4)
5)

9%x_coke residue = x.eoke_r,

Function constant

function error = constant(int)

r_tubei = 0.048; %m

L_tube = ()

MW = [106.428 169.481 228.121 278.165 594.377]; %m
component

V furnace r = (96)*pi*(r_tubeir2)*L_tube; %mA3 -=> 96/=No. tube
density coke = 900; %ke/mA3

C = [4.307e-3 1.168e-3 1.097e-3 5.137e-4 2.374e-3]; 9%mol/lit
(concentration of each component)

A tubei = 2*pi*(r_tubei)*L_tube;

load('T.mat")

load('X.mat’)

x0=0

k1 = int(1)

k r=int(2)
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[tx] =
odel5s(@xcoke,T,x0,J,MW,V_furnace_r,density coke,A tubei,C,r tubeil tubeklk r);
wX =, 1)

errorX = X-xx
error = sumlerrorX.A2)
end

Function cal kT

function error = cal_KT(para,T_tubei,A_tubeo,Q crudeoil,deltaX tube)

T tubeo guess = para(l);
k tube guess = para(2);

k_tube_cal =-1.257+432.7%(T_tubei+T tubeo guess)/2);
T tubeo_cal = (Q crudeoil*deltaX tube/(k tube guess*A tubeo))+T tubei;

error(1) = (k_tube: guess-k tube cal);
error(2) = (T _tubeo_guess-T tubeo cal)/100;

end



38

AMARNUIN A

VOYARMTUATINTINTENTNAMUAUILANLAZLIAN

A1519 A.1 AunulAn U@ IUNISNIAIILSaUTMAAINUNTUAY 5 a9rUsenay (WuWna
WESTU WNEDBdlUT Wideaduln was NINUITY) wayan 4 asrdsenay (nsailidninyidu)

1281 (LAaw) 1Ana1n 5 asAdsznau (lAs) 1Ana1n 4 83AUsENOU(UAS)
1 0.00000 0.00000
2 0.00007 0.00000
3 0.00048 0.00000
a 0.00272 0.00001
5 0.01368 0.00002
6 0.03025 0.00004
T 0.03819 0.00009
8 , 0.04256 0.00020
9 0.04499 0.00042
10 0.04633 0.00087
11 0.04707 0.00182
12 0.04748 0.00374
13 0.04771 0.00752
14 0.04784 0.01452
15 0.04791 0.02375
16 0.04794 0.02915
17 0.04797 0.03337
18 0.04798 0.03664
19 0.04799 0.03916
20 0.04800 0.04111
21 0.04800 0.04264
22 0.04800 0.04382
23 0.04800 0.04475
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181 (1Raw)

1Anann 5 asAadsznau (Wns)

Tanan 4 asausznau(uns)

24 0.04800 0.04604
25 0.04800 0.04648
26 0.04800 0.04681
27 0.04800 0.04708
28 0.04800 0.04728
29 0.04800 0.04744
30 0.04800 0.04756
i 0.04800 0.04766
32 0.04800 0.04774
33 0.04800 0.04780
34 0.04800 0.04784
35 0.04800 0.04788
36 0.04800 0.04790
K 4 0.04800 0.04792
38 0.04800 0.04794
39 0.04800 0.04795
40 0.04800 0.04796
41 0.04800 0.04796
42 0.04800 0.04797
43 0.04800 0.04798
a4 0.04800 0.04798
a5 0.04800 0.04799
a6 0.04800 0.04799
ar 0.04800 0.04799
a8 0.04800 0.04799
49 0.04800 0.04800
50 0.04800 0.04800




ANMARUIN
[+ ‘Zi ‘:ﬁi o el % . . .
nsAUIMATIMINZaNNgalun1sindalan (Optimization)

A15199 1.1 arsiassalunsAuINnaNfimunzauiigalunisidalan (Optimization)

12810 HUNTTIALHN USunauidainas Antfainas Swaufivherm | Avienuazenn | seldfigayde ﬂ?-:hjmﬂ
(1Aaw) (38/0) (UmA) 077 (AS9/4) (umA) (U mA) e
. (v mA)
0 0 0 0.000 0 0 0

1 284,066,702,567,393 67,310,821 12.000 4,19%111 92,480,543,899 | 92,552,051,831
2 3,387,167,340,825,260 802,603,799 6.000 2,098,555 46,240,271,950 | 47,044,974,304
3 13,529,064,032,900,300 3,205,769,628 4.000 1,399,037 30,826,847,966 | 34,034,016,631
a 27,068,821,491,183,900 6,414,073,109 3.000 1,049,278 25,120,135975 | 29,535,258,362
5 39,910,159,585,876,700 9,456,683,132 2.400 839,422 18,496,108,780 | 27,953,831,334
6 51,189,255,717,45D,600 12119,51 3, 246 : 6,508 15,413,423,983 | 27,543,636,738
8 67,799,543,463,506,700 16,065,392,011 524,639 11,560,067,987 | 27,625,984,637
73,824,277,048,888,000 17,492,978,420 466,346 10,275,615,989 | 27,769,060,755
10 78,769,201,334,634,700 18,664,699,395 419,711 9,248,054,390 | 27,913,173,496
11 82,877,585,435,802,600 N8 9%DPI7 381,556 8,407,322,173 | 28,045,902,320
12 86,333,174,533,923,300 20,45%015:219 349,759 7,706,711,992 | 28,164,076,969
13 89,273,129,279,014,600 21,158,650,07% 522,855 7,113,887,992 | 28,267,860,926

or




A ldane

L2A1ANTUNITLAEN Vo inds Andaina Swauiivhany | Avianuazenn | selddigyde y
(haw) (3a/) (wnA) szanm (A39/A) (um/A) (UnA) e
? (U wmA)
14 91,800,905,864,908,800 21,752 61.7,560 0.857 299,794 6,605,753,136 | 28,358,670,489
15 93,995,508,639,016,400 22,272,638,080 0.800 279,807 6,165,369,593 | 28,438,287,481
16 95,917,804,017,554,300 22428:434,198 0.750 262,319 5,780,033,994 | 28,508,430,511
17 97,615,243,919,873,700 23,130,349,848 0.706 246,889 5,440,031,994 | 28,570,628,731
18 99,124,854,328,943,800 23,488,058,495 0.667 233,173 5,137,807,994 | 28,626,099,663
18 100,475,984,251,823,000 | 23,808,214,514 0.632 220,901 4,867,397,047 | 28,675,832,461
20 101,692,264,045,407,000 | 24,096,417,216 0.600 209,856 4,624,027,195 | 28,720,654,267
21 102,792,911,982,579,000 | .-24,357,220,456 0571 199,862 4,403,835,424 | 28,761,255,742
22 103,793,638,468,340,000 | 24,594,346,880 0.545 190,778 4,203,661,086 | 28,798,198,744
28 104,707,384,384,697,000 | 24,810,862,886 0.522 182,483 4,020,893,213 | 28,831,936,582
24 105,544,939,061,234,000 |© 25,009,325,051 0.500 174,880 3,853,355,996 | 28,862,855,927
25 106,315,456,276,068,000 | 25,191,902,403 0.480 167,884 3,699,221,756 | 28,891,292,043
26 107,026,705,096,010,000 | 25,360,435,855 0.462 161,427 3,556,943,996 | 28,917,541,279
27 107,685,250,608,764,000 | 25,516,481,033 0.444 155,449 3,425,205,330 | 28,941,841,811
28 108,296,723,189,052,000 | 25,661,372,078 0.429 149,897 3,302,876,568 | 28,964,398,543
29 108,865,993,641,991,000 | 25,796,263,148 0.414 144,728 3,188,984,272 | 28,985,392,149
30 109,397,296,731,544,000 | 25,922,157,690 0.400 139,904 3,082,684,797 | 29,004,982,390
31 109,894,313,641,052,000 | 26,039,927,974 0.387 135,391 2,983,243,352 | 29,023,306,716
32 110,360,261,114,178,000 | 26,150,336,222 0.375 131,160 2,890,016,997 | 29,040,484,378

1A%




Aldane

12A1AHUNITIALR Uanandomas AnToinds Swauiivhaana | dvianuazenn | eldfigyde y
(haw) (3a/) (U wA) fz070 (AS9/T) (U wA) (umA) v
¥ (U wA)
33 110,797,965,637,218,000 | 26,254,052,182 0.364 127,185 2,802,440,724 | 29,056,620,091
34 111,209,920,772,641,000 | 26,351,666,714 353 123,444 2,720,015,997 | 29,071,806,156
35 111,598,335,085,866,000 | 26,443,703,148 0.343 119,917 2,642,301,254 | 29,086,124,320
36 111,965,172,285,368,000 | - 26,530,626,793 0.333 116,586 2,568,903,997 | 29,099,647,376
37 112,312,183,722,891,000 | 26,612,852,638 0.324 113,435 2,499,474,159 | 29,112,440,233
38 112,640,933,887,775,000 | 26,690,751,397 0.316 110,450 2,433,698,524 | 29,124,560,371
39 112,952,826,194,265,000 | - 26,764,655,614 0.308 107,618 2,371,295,997 | 29,136,059,229
40 113,249,125,139,550,000 | 26,834,864,917 0.300 104,928 2,312,013,597 | 29,146,983,442
a1 113,530,971,858,710,000 | - 26,901,649,703 0.293 102,369 2,255,623,022 | 29,157,375,094
42 113,799,398,770,584,000 | 26,965,254,609 0.286 99931 2,201,917,712 | 29,167,272,252
43 114,055,341,790,801,000 | 27,025,901,403 0.279 97,607 2,150,710,323 | 29,176,709,334
44 114,299,651,627,385,000 | 27,083,791,665 0.273 95,389 2,101,830,543 | 29,185,717,597
45 114,533,103,656, 73000 |, 27 430 1Q, 158 0.267 93,269 2,055,123,198 | 29,194,325,589
46 114,756,405,801,906,000 | 27,192,021,521 0.261 91,242 2,010,446,607 | 29,202,559,369
a7 114,970,205,732,238,000 | 27,242,682,330 0.255 89,300 1,967,671,147 | 29,210,442,777
48 115,175,097,270,411,000 N 2N 32,257 0.250 87,440 1,926,677,998 | 29,217,997,694
49 115,371,625,809,115,000 | 27,337,800,535 0.245 85,655 1,887,358,039 | 29,225,244,229
50 115,560,293,059,617,000 | 27,382,506,048 0.240 83,942 1,849,610,878 | 29,232,200,868

[47






