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RETHAHRMEFERELERGFREAE=THA& (MTBE) >
BBAAE TSRO ESSA SN MERFERIGHR LB
#masfefiss MTBE ¥R ABEREAN L HFERETHHES
E¥po - F—F @ BMAaltT ¥ BRAKHERELBMAN
ERERNLHHBICEAREH > aNBEBAHE L TRAME
MOHABAEY  FMARKEERS  BUEEAHELLEMN -
RTHREESTEERMG AR EBR T RERBBETHEAHE
MBE  ARBFRENACIEEUMBHEIEFT R - ETHRR
BABERINAEBENBRARETH S ETHERGTH
Ak A EREUBETRARBEN  BRAURMKEERTHE
AMABE  HHEBERBESREBEHEAURENEE THA
A ERTIIE BAFETRERETREBIERENGHE - &
ARBENERBARNZIEELE RESHNAEELE 1R
REBHBERK(CHEEZBEHEHAEEHREE - 2R &
AT HFH BRI EARBE RN e E - BB P yE
REBETHERER  UPHETREABEEADAHIHAELENT

Bl oo pboh o BB A TE LR BE R ZIBFEH -

M 2K RME A BT ETH ) FRE= T8



ABSTRACT

Isobutene and methanol react to form methyl tert-butyl ether
(MTBE). Itis an important oxygenated gasoline with high octane
number. At present the market requirements of MTBE are skyrocketing
as a result of environmental consciousness and lead phase out. Due to
the rapidly growing demand for propylene, there may be a need for
producing more propylene in the petrochemical industry. Isobutane is
an attractive feedstock for cracking because isobutene is also produced in
addition to propylene. The pyrolysis technique is a prime method for
production of olefins in the petrochemical industry today. The
molecular structure of isobutane tends to produce high yield of isobutene
and propylene among most of hydrocarbon feedstocks. This project
deals with a mathematical model of the cracking reactor in an attempt to
substantiate the feasibility of simultaneously enhancing throughput of
isobutene and propylene. In the model, isobutane reaction kinetics,
material/energy balance of cracked gases, heat transfer mechanisms such
as radiation in the cracking furnace, heat conduction and convection of
tube, pressure drop across the tubular reactor are all considered. The
model leads to a set of nonlinear ordinary differential equations,
including thirteen cracked-gas mass balances plus overall energy and
pressure drop differential equations. By means of the model, we are
able to solve and predict product distribution in the exit coil numerically.
In addition, we can take advantage of this model by selecting proper

operating parameters and thus obtain optimal product yields.

Keywords: pyrolysis; cracker; isobutane; propylene; isobutene; MTBE
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F—F &%

BATBALL EHIHIREBUBRE (pyrolysis) F X2 » pr
FARMAAG M AARE 55 840 W B ho A8 E b 8
MAE &R (dilution steam) 4F3a 2 sk > A AR BB RIER - § &
BB RE Mo RRSBESGEE c ANERBE W E DL
Lt~ AMGEREHREARE  BINSA TR A <
RAawm%E - Bk ﬁtﬂﬂliﬁ{bﬁﬁ%i“liﬁ RETRELESTF&
WA AR AN T RERBIAFHETHGBE - ETHA
EAMERFNNGEBEH  ETRERIENRSE - BETHASG
WA FAT R o AR R > BP % F %% R & (demethanization reaction)
LAY &, & Fe (dehydrogenation reaction) #f 4 z& :

i—C,H, —»C,H, +CH,
i—C,H,—>i-C,H, +H,
RETHBHERMATEREBERGFASE=THAR (MTBE)
HBAMABFABROEZSAGH - MEBFERNBBERLHY
masfofeft MIBE ¥ RERABEREARY  EFHETHNE
REHw - F—F 0 MECTEABFRAHHERESL RN
BHEERERNIHIBCEAREH  dNBELEAKHELTRA
HHELHGBEY  MMAAKEERS BB ERGARL LN -
ATHRBALSFEEMA > R BHH T RERBEE THAAE
HBE MALITXNBERAFGHFERERBMEAR  THRERRNT
M) BALRAREN  TERARANEL B A/M (polypropylene) ~ 7
Mi 8 (acrylonitrile) ~ 3 £, & % (propylene oxide) - £ & &
(isopropanol) ~ £ & % (cumene) ~ £.A# (allyl chloride) % — % 5| &



BALF RN N BERAFOERRFECHOBEY > EME
MEFSHAHEERR  AAAHEERS > BILIE LN TH R
AERKHEGRBTRHRELLEMS -

I ERHUBTIRAR BN > ERAURGHMERLTHAESR
WABM  HHEBEREESREBEHAUNRERIETHAER
WX ERTITHN  BAFPEFRETREBIZRENH NS - £ X
REENERBARHMZEELE RESNOEELE UAR
REAMBERR (CHRAMBEOEHAETHREE - R #
RP A ERBANEUARBAZ LM - S BB PR R
ReBETIHEES  UHHRETREBRBLEVHIHASENTAE
Bl o sbsh o BUBEXFERREEFZIBHEEH -



R=% R

1990 £ B A~ % & 7% %% £ (Clean Air Act Amendments,
CAAA) - REHM B b ¥ L8 A m 4 bk (oxygenated gasoline)
18 % K 7 £Z(Reid vapor pressure) B R X4 &% - B b4 Fdk
MEEABTFHEIRADE R G/ G LN EL RS 4888
ERAHAFTALE=ZTAMMIBE) - = XA FASTAME) - 24 %
ZTABETIBE)Y - METHARMMTERE LR MIBE - 4 8
AABTHBROREEZSA BN MERFERLFAR A HG &
s51b12f MTBE F)eER 7 &% K8 K3 > MTBE #$ A 454 P
R FRMS RTRGAGTERGEE  EBBRELTS - 5%
A MTBE RILB¥EmE BRMHETHARR  — MMz RI¥EBH
BATH THEETERA BFZTERK - ETREMLRETE
AB S~ ETH BRI R "R EAE (FCORAERE X A Aot
REEZ AT ETHMAAKRBEBICCH R LLERZ > 48373
EARTHOERT ZZ— RELERARD BB ETHEH
e ETHNTRAERZ — > TAMAME MIBE T3 ARBEHET
RIS BORTH  TREBEBEANGMBERLGGHLE, 1994) -
% B Bio Clean Fuel Inc. #& £ T &4 Be54 # MIBE &
ETBE » sbii B BM BB R CBHEEF THRERE TR RERET
BETH ERTHAHEREY CO,BAEARAMAT He H, &
PEKFEE - KB BUE% 5 X4 & MTBE & ETBE -

I ERBUE TR A LB > (AU E 853 ho & T 1 81 5 4
ZERAHBY  AALTHHREZCHG  FEAEREEBEHX
BATEFEETHEABEIZREAHNE - FXARBENELRA



B2 EBH4E REZENHEELE UARESABERR(E
BRI EGSREFOREE  BHR) I B FTHAFE
WA B AR B AT TN - BB LB PR HEY > REBME
AR AMHETREBEEEANG A HEATAR - £
AETHROGEHRARTEREG TREAE TR - b HEEL2Iw
12 (FCC/C4) ¢4 raffinate B4F ©

WIS TG4 MR EETrRETHETRHM > T
B~ B T At s R (LPG) A% % Rk > #84(naphtha) -
% Fob(gas o) ~ il - RHEBELRH - dNEBKAE B HE
MR BEGLEREN  ENKATEARN  MEFERZR
FARETRAAEFESIEAE > BATEARER TGRS - RAd
BEK  BITLH - AH - ToHASFEAGHE - HIERB TS
REBBRERAERAO I AEZELOEKAMHER - &
AL EA  ERABOBRERFISAKE D8R GLZ B
B K E T 0 AEZE A (cracker) 34y 0 I A BABMIE T I5 8
oo BRMBHREANEBEREIRAREEHLREL AR
BEsfiie Y > TURREFHMRAZT AWA A > B
HHERAEGEAE B E LAY ER N R TEST
BARRHE - AR ol il E R EAE R T 0 AR REY
EBNHRESHSIIHERTRA - N RB L350 X AEH6
Rt s resrq  glan BHARETHHORFGHA -
HAEEHRORE  ARBARAR SN ETILE - EHEXk
EHEHE AN ERR F2— 0 BYFHH RN EIT
-EkdEewLERE AOHBEEIMTARL—BERA
o HBARAG AN EBTLHAY  BHLFARBIEFYH



Ml MARARIXERSACEGHWERBIEENNTE - KEEETRE
MR AAES S RBBERRAUEREHAENELZR £ -
R FRAAHH RSy P RAER DM P URER
AR THEARKNEE LTI BEAFTREETHREEZEXE
REHHNE - EXARERENELBARMZIEEZRLE -RESH
R BRE UAREZAMERR(CHEAEGBEIE T
BE - BHR) 0w BXFPHFEAF ERBAHETARBE A T
Moo BiBBMPHXNEN  RAOBATHOEE  UHHETK
RRuEEMOTHAESEGTER -

VERBE Lo Ao he g%t B FPREZHYE
$OMREMELEORECOT) - AERELEAMEFNREHAR
THREERE - %8I WEBENIE  HREARARALY
Hagme (SH) - R & o B H(COP)Y¥ - e R4 € COT »
S/H 2 COP =A% # ARSI OF s ELERAL %2 F
SHHTEME -

ERNETHRAOEHRBRTEHE S THRERE TR - RbHEY
#2 2 v9 5 WIS (FCC/C4) Yy raffinate BR4§ - — w3 » G E M I 5
SANETEREE  EY—BRAEAQRYTRER  —EAR
MR EITHR AT BWETE TR EMETIRY —18 2 A0E R4%
4 % (co-cracking) # = °



=% HBREEH

30 HBAEEMZILERE

T RALA RS2t TREREE —BEAN £
FFHEAECHEER AmtEEAEREEAMR  HARORE
EMERYHBRDFHEENEmmE i TER SO, TFERS
HRBHEA M > FIELERERCEHRZ M - KELES
% 44+ T (600-850°C) (Froment, 1992)i#47 it » RERMHAFH AL
SHRE > MERDERDOLEBERE  EYRAEFIAREXA
SRRME AERA Bk Bk RE - KEFREAEE K
R ARSI ERERBEHERRY - &
MG ER EEEZTHLRARBREREK  RESE —EHREK
# % 47 % K F& (primary reaction) > R &) F — e HEH R R
(secondary reaction) - A 3§ R R ME A 155 b4k B R RHR
ErEAm T AAEBUAYLLE AR ERBHEAETHR
B Mo RBRIERBS A ERLBRAREHCHHEIE ~ =
HIE - FREELENORE - ENRRBALE R IREER X~
R BHIT_REE  —BRREXTZLETIHAERE  (DIEKR
rFd R eakiE — 5 E8 - QIS E T & (hydrogenation) &
5%, &.(dehydrogenation) R & » 4 &G B 4% (paraffins) ~ 4 t# & (diolefins)
B dE (acetylenes) ° (3) =M@ R AR IEA R HF BIE o (4)d RIE & A&
HERIREBBHOFFREBITHRAKEORERFTIE - O)EBRE
BEENT SR MEAREK FAFRIY  AXETHAR
Fo RS c B Toh o MRAREBZARBOAEAVNERE > =
BREHBEREEREIEADOHEL ALRERAHX L REHR
AR AHIEEREREEFALE  RAFERLNBIRAE - HiL
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T A RMBREHEATENH —RREGE L RRZBGEY
V-3 o N S B

32 ¥ENRAEHIHZAE

HMBRE+ BN EREBRE  IPEELIHE |
BZ EFERARMEK  RBRE - RES G 8LE
MR o
(—) Rk
TR BTN BEMBERICHTR > BB E S
AELTAEE - BEARBBRHEZERARER  — B %48 8
B —RERENAEDBRUGTEELERETETRYD  UHFE
PR ERAIME TR K - R@HM T > — A& PIONA & # R4
TR » A73E PIONA R 35 R A RM F ke )s #% (paraffins) ~ E 58
¥ (1so-paraffins) ~ M} #% (olefins) ~ 3 %% X& #% (naphthenes) $ 5 % #%
(aromotics) & B EETEB N X - M ERHEMA R4S S E
BEFRS HEEIRD  EXEBLERA/AFEHHEELERFE
BE > RimE&EMEEE - Aruinr A2 R H 69 PIONA 4 > T3¢
BERMOHNBRE BASLANKE - KRN T ELEEGE
AR R -

(=) HMEE:

RRBREVERBREMNGBILE - HIEHNEER  AMAFHTHE
FRRA - RIEAZGo5R] - A0 MHER - RERERWER EFHMH -
FRARBEMAEARAFABEARBEE - —RBERH > RBEEH
S BEGRM RBBERK - FERZHBHAEAMARE - TERE



ARG EBRBETFTUARAL - wRBYENEIZAHLE > AIEBEE
THERS  WwEREAKGLE  ZREBERTHTER - aH
BREEARBRIE  ALSERBEAFNMBRELHET 2
BTEAHRS _KREHNBHRERE > AN _BKREAHEEAR
fE o A AR A Ba s G AR 0 A BRR B A R IR R R REAT
—RRE REFARFELEBRIE  UER S E EHIE -

(£) REAFGEER] :

REFHMOEEEEY EVRREEANB S REAEY QLS - —
ERBMEAM  HEBYHTAE — L BEHFEHRE - oFPRHK
40 BIEMBRBERAREST > RIFGEAAREHRER > Bt
BAELERBEAMERHNRE BERMER  BVARAREL
REFIE N REREEMAESZGA > MALELREALIHR
o HaRERNBELTEE -

WEEGEHBETEMRRE L7, ET 0 XAEARMH LK =R
RIE#HA - ERBES S YR LARERE  FERRHMR
B MBEBEAERMELBARRBLREBEREAT > RAEH =
BRBEEST AEESNHRD EEMAGEE -

(ra) & fALEM AR :

BEANEREAERMRENH A THEEVERBRE - b
W B AR B A A SRR 8 RIS B — R SRR G e S  B st
G E R T AR R R — R R BB R Bk E » Bbs &
KA R A RR R H A 0 BAHH —RRIE - T¥
PERARER A RERG B BRAABRALT LB ALRK
BBz de o AR BHARBERUANRSAMEN BHRE -
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BATR LR FAMFER| B KKA £ £ 24354 (Albright, et al., 1983) :

(DAFNEBRAOTE > EURAXRACTHLABAREL > HAH
BARGLR s EaE-

QN KEARBREEK » ERFEFRELH  BHARIEURBE O

M o

QYREBEENERTHARBRER » KARAHT A E R #5K%

DRKRGETET FE ] FRISHSG 2 BAR -

BRANKEAARELEIFB ST > KARZHE-ZHE  HFKE
TEAMAERTAAABRRAAR - BRAEBR  BRIZAHA
EAM  XeMBRMRBHLAERSN - WAXRE  MEBRHY
ARMAR > —REMBE > BHEE  KARAEHEK -

BAZHNHRTORRIHFEEIEDOEE  RLBEFFHTH
KB RA &R~ 813 QR AME 7 B e BEF4 > MEd
REOBAMRBITE AT ™ -



¥ RETHREAMEZHERK

4.1 X FE
B HEXEAERFLRB IS REAGELY L8
#6858 4o B 4-1 p7 = (Albright, et al., 1983) > K B 7 m f A 34
ARHAWREAEBRBEHE - EHAWREING 0 2K
PHBHAALEABELHABRAARARLS  HdERBHRE
ARBEAMABUERMREE  BEANRBEBHEAORE
WE - AXRBETRARBEN  RBREARERMECE() T
o(2) T (3) THE@) T (5) A= (6) AM (7) A
8) T=¥(9) & TH (10) 2-TH (11) BTk (12) &R #
(13) X%+ =#uan» HFPAN2REILTE(2ERZFHR
Mo oMEBALAEREBBEENNRBREAZBRAOEHE R TY
HEBRIMBEMY TR HREMSIRAGRBETESR
B2 BRAGHYFTRE SN BLERBEEARBRERNHY
HRMERE > BREEZHBRFTRTET  BBIREEE T
AR BAERAE FAITBERERABABEETNR —4 X
Kim® (plug flow) FREFBELABAABESH > wRE
BE-EEHE BEME%S mARETHEQREHESH -
BTh O HREBEEFR M EHBERE SHELELATRBRENS
RYWEFEELE  THTZAEEFHEH T RAKREAR
REENTZEHETRBREGARER

dF
CH4:;Li:(r3+r6—r7+r8+r9+r13)A, (1)

drF,
CzH::gZ—‘:(rs"}_rl:)Af (2)
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C2H4:%—3=(—r4+3r5+r8+rm—r”—rlZ)A, (3)
CZHG:%z(r4—2r9—rm+r”)A, (4)
C,H, :%= (r; —2n5)A4, (5)
C3H6:%z(r3—2rs—r6+r7—rs)Ai (6)
C,H,: %12—7 =14, (7)
C,H, :—L;—f =14 (8)
i—C4H8:‘;—IZ’=(rl—r2—r,3)A, (9)
2—C4H8:i:L'—°=(r4—r”)A, (10)
i—C4H10:%—(—rl+r2 -r)A4, (11)

2'612 =(R=n =l +he—f +2n, +15)4, (12)
CoH, : 623 = (%o +ns)4, (13)

By i MRBRRTRA=kICAYRSY ] ZREFREA

EE
/" F RT

R HERESEF M™% 4-1 (Sundaram and Froment,1977) » & &

AV RERRER=F+ILF - ATEEEBR

BB - 227,610
B AT ko =L Lk =3.046x10" exp(———);
2B AT = F R P )
FF;Z P, 3 -112,508
=k k, = 2.744x10° exp(——20); .. @
2 2 Fz ( ) P( RT )

AR ETFH U, FTRARMEBEENABZ B EEIL
dr 1 15
v W{ED,Q(L) - A,;AH,r,:i (14)

il



RE#AH, B 3% RE Z & # 91 R JE 4 4 R 3 69 /X #fu(Reid et al.,
1988) :
MﬂzZﬁAH

- Zsij[AH; +f ijdT]

AT "HAEEEREX ) AREFAFEERAGSAET
MEROZEETAM REBEERABEMBTREE QL)
ME=FAFESTXERFLEERNRE R A RES - &
BEEBHR -

124384 © L F5-R LR RETER

~9-ﬂ¢(r“ ) (15)

HREBE T EHEETHSTRYE R T ¢4 A Howell, 1982) :
I 1

LN

5_8 2w

S -1 S 2 S 2
=2 tan () -1- [(2) -
“=p e \/(Do) \/(D.,) 1

2HBE  BEENEEEEZE P NB2IHREE T Fourier 2
KET

X F

L _&q 1) (16)

SAHR BEFTNEAERBABIABET G T LT

a9
7 h(——J(T r) (17)

AP 0 A9 A d Dittus-Boelter # £ X, %k &
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1 1
o = 0.841V> or 24«%»3, %:0773

c

ERARET » RAREAETU Wike 2 X (Wilke, 1950)7

;‘EJJ [

YiH;
2 T

leju

X &
4, J—a+ Ly P+(f¥( Qi

2RAAEYBFEGE
ERAFAT HENSPEFRE>FTHAMETAH
Eucken (Bird, et al., 1960)% #2 X =T z #| A

- Hi
k=, +1.25R)A—/[~

i

aoRBE LT ETHILROEAERZ

n k
L
S n
=1 Zj:1y1¢ij

g Al RRAOSEHEARR -

AE N TR E Y B E % AKX &7 (Reid et al., 1988)

C,=a+bT+cT*+d]T’

B EamZRERBORELE

Cr =2 3C,
Btk B o b A RS T 0 R ) o AR A TR RSB )
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h =0.023( f)Re“Pr“

_o. 023(D )(iD 1035 ’Z“f)‘” (18)
S S

Re;, Pry % & ¥ # £ 2 Reynolds # ~ Prandtl #; G 38 & 4 %

&gﬁ@’ﬁﬁﬁggﬁ’Q%J@ﬂﬁik’ﬂk%ﬁiﬁ&%

» RA(O)X KRS T,0 BRANT)

HoAE - RS - B w2
dA,
X R AREME - tb$§ﬁﬁ?§%ﬁ%@#ﬁf$ T e

BEEARASX KRS 7, EXEERANRBEIRHAS L -
BF—ROZEN Q) EE XN EABHELEE > ALK H

j%zﬁﬁz q(2)Z Mt B :

dQ D,
Eﬂa) (19)

WA EN RN LARABFSREOAMOWERY > HoRbd
HERE - RoABEGHE - ROAT BAREALRIFELE
ERAG A MEAERMESIEMETHE - LKL
HEF ko uinig e
1LiRE RAS 6936 B 14 8 ¢

HEMAMEESHEARYHE Chapman-Enskog (Bird, et
al., 1960) % £ X

q(z) =

JMT
4, =2.6693x107° X (20)
' o’Q
H

AP R FREBE QAN A - RELEHOoRe
BT m R ThTAMGE
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g 1L

4 epyvi+—povy =
. g, g~ d
X P
0.092 o TR
¢ =10.092 Re 02| QO22TR, 1;:2 0.084790} s

X% ALAE$ —8 A Fanning 7 £ KX » £ —18 A Nekrasov
7 42 X (Nekrasov, 1969) » & B 4 % & 77 & % 4 9 5 /& /1 1% -

B %
, M, G R
" opA M, P
dy, GR[.d 1, 1dr| G RTA
d. P | di'M, M,dL| M, P dL
A ¥

dL\M, ) dL| G4, GA

dF,
d[ 1 J d[Z,F;]:Z;dL
KRG THRA BRI FRX
dF,
g, ! Fg@

dP, G4  M,|TdL
dL 1 gp
M,P, G’RT

ot ABEEMARARRENERHTEBE T HR &
(erosion) > # X ¥ # =4 R B R A R & & R % (subsonic flow) -
B A LMK 0 &ik(sonic velocity) £ E A P H#ITHRE A ¢

V= }/fgcRT
Mf
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& # g (Mach number) & A B8Rk B S eyt RAEHEL
EME I N —EATET UABREBERAAASRAHETHE
MRLYE B IR AR -

4.2 ERXRRHR

FE SRR TSI R MARER > T &
BERAESTREEGTAMO>HAFTRL - FEAHEH XA H
EARSRE 42 242 5B THREBBZAMBELIHAE -
A-—BBBEIAOMTEARY  EFEFELRKB AW LB TH
BOoAMERBOAGEREHEBl  EaR - RE-BE B
BV EH A% A YRR R E)EARK > FLEAFAR
Mo B E ey RAXA SR K » KA RHRKA
SDRIV2 (Kahaner, et al., 1989)&8/42 X, » KA & A7 & o9 S £ 4 X
frieE e+ A EB L IERET RS IR -

EEEMRMAGORBEAEEKHST GERER=1285K> &T
FEERE=085ke/s HEBEAARARBEMIL=04 EHER
=940 K ##H B AH=3.1atm ), EMBELERUER 4-3 28 4-13 %
F

B 43 AL REEEFFHEURE  TEHAE - BTH
AR Rg EERTHAEARERBES R&EISHH
ATHERE BRAALETREANG  ABIEZSELAN - £
THEEREE —R2E RE_BKKEHHAREFRRE o> @
AABEEZRMBIBRR B AERRE - LI E 43044 HEE]
EALAEAFLEBETREAABRREE wH TEHEERML - G B 4-3
BBy AME O ERETFAEKRME > BRI GEHAINS
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ié%%%-’ﬁﬁiT%ﬁ€’£Ué$i#ﬁkﬁ’ﬁﬁ
BRSSO RS EREBER BETHRERGGOE
AERAEEEH D

B 4-5 BaA o ETREBLEAVHEREBEMR > ETHK
HmE AR BILEEMERILLRAAK 2H s E e
A% WLERERABYL  dE 46 Br o BEEAFLER
JEYE B R BB ARAR BA AR ERARBHILERSER®K &
AR AN i S UBARE AwBRR o FIRE 8 A BAER -
woh o ERASEE TRBM ARG REETEHHMAIR
BRI R IE -

GE 47 AL ABBREMETMENAMKRS  REE
AR AR BERE T AABENBERHBE AR - EEE
GEpREETTHEASLALE HNANETNRLBEAKRE
G T B LABER R - B 4-8 BT Hman
WEBEEEENEBEAABRLAMEY  EARAVARERH
o REHHBERARRIEABABRNEER -

B 4-9 BAF 0 AR A AR E A A B3 Ao B Y RS
HERE BAGETRABALED ABBRAE RS AER -
B 4-10 B EMARAEIARE  MBEHpREi - B
A EFRETEYSEILEALE B ERNAES B 4-12AKF
ETHEERREELES mm e BEAETREMAR 359
B~ BT A SRR o MR E ERBEMHMEY
Bk o B 4-13 -~ 4-14 BATHBAFGEMHT - Fik B A R
SALMAAE -
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R4 RTHREABREEG HE L ¥

RmRE R & & ¥ A, E

1.i-CH,y, —>i-CH,+H, 1 3.046x 10" 227610
2.i-CH,+H, »>i-CH, 2 2.744x 10° 112508
3.i-C,H,—C,H, +CH, 1 4.245x 10" 227735
4.i-CH,+C,H, »2-C,H,+C,H, 2 7.320x 10° 126524
5.2C,H, —3C,H, 1 1.514x 10" 233467
6.C,H, - C,H, +CH, 1 3.794x 10" 248488
7.C,H,+CH, — C,H, 2 1.986x 10* 122299
8.C,H+H, > C,H,+CH, 2 5.770x 10° 146440
9.2C,H, > C,H,+CH, I 3.750x 10'* 273006
10.C,H, > C,H, +H, 1 4.652x 10" 272839
11.C,H,+H, - C,H, 2 8.489x 10° 136505
12.C,H +C,H, — C H, 2 1.026x 10° 172632
13.i-C,H, - C,H, +CH, 1 6.374x 10> 309616
14.2-C,H, —>2/3C.H, +2H, 1 2.559x 10’ 136147
15.2C,H, —» C,H, +H, 1 3.503x 10* 60668

Ayt AR R F(E A ¢ s’ &% m*/mol.s)
E: REZFALE(EAR  J/mol)
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242 - R THREBHEZHEHRSLH

e
W
S
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Isobutane Conversion
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Fluid Velocity(m/s)
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Sonic Velocity and Fluid Velocity(m/s)

[ 1 sonic velocity |
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Reactor Length(m)
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REF¥F RTREMERHAZZL

5.1 EERBK
BRENEMRTHETRERAEHEEX > #EPITUATH

R A L & R A (FF AR -HE—) -

1. B L mBarctCEREE= 1280 K ETIKE 2R %=
0.85 kg/s » #kH@AE= 940 K » ##E /1= 3.1 atm ) s #FHEHA
AHL AN c AEBERRLE 5-1 -

2. EEEeH AR AACERSE=1280K » HREAAAEBEH
kb= 0.4 kB E=940 K #H B =31 atm) » XEETHRE
EnEk o c HEBMERALE 5-2-

B8 5-1 885 » EMBRALBRIIE by > TR A5 BRE ]
MARE S BRAFNHIEEESE R MEBRLERT LR ILIE
MY - EERBARLHEWEL —ZEFHSLE REH L RRL
RAEGSEHAERRTRREARE - BB 52 B EETHREE
RERBAGE A A BTHARH NEABE ) BdXFY
R B R EM s R —RREEL > EERERKE 4
R gL WHARRETEMRRBERHIBE » SRR
Mo~ BT H A BB o
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52 EREERGRAMK

WERBBER oA HOBRFEE®ES  RETYREZSHY
$OMREBELOEE COT £REHATHRESEHT @ UHFEE
ZERMBEAERECOTREENAFS R THERZAMEIER (X
5-1) ' AP LA B HBL L HRBAAERRTAMY KRR »
BEMA AR H&ME COT 48 -

HATERHBHHSGERE  BANRGTEARIFTNEE

#.7% (cubic interpolatory spline) » 2R THP B AL H TR J
RBERINGBEHHEGSIE AALIABTESIRBESRARTF
freh s XA NBEEREEASBEEEETH R EE K (unimodal) &
HZABRKRMEHARNE - HE L 2 H ERGETE B (Forsythe et al,
1977) :

s(x)=a, +b,(x—x)+c,(x~x) +d,(x-x,)’ X, <x<X,
b

SR EgS=0, ayesmy g
s'(x) =3d,x* +(2¢, —6d,x,)x + (b, = 2¢,x, + 3d,x}) = 0
T EXRRN ~ 3B ERE o R ST S B RR K ARE 0 A
BT—EBMALHFERG R LABERER - 28 ®=0gx%
HERE > LEARBRERAETAZERN - ZANZEN ST
B2 % B By PR AR

AREREN > AH B THAEEY COT ENHERESE
BEZ AX-—RBEERRARRE  RFRALE B E 2T
RAM - BTHRAHEETHBEZRSAE BERSAERT
wATe) COT BEEHIE  THMBENIBFEELBEME COT 8
FESERNBEMNBERS  RERMEER BEEXAMEXRT
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B REARSAED - Bt REELREEHBRFHREEEL B 53
RIAAM B THA-_EHEZEARHBARBEZHAR -

COT i RXRAEDBERME > Z2HEAHNAEFERGA COT
R EERRLETHUFERSHFRAGS  RARAKGHHAETH
BETHS  EAERGAHBRE HE_RRE MR - GBBLE
REE BB S-3:3%&COT=10952 K:&MHAERZ K %L COT
= 1061 K" BETHAEFREKS  #£4/COT =1074 K » HMHAE THE
ARERS (M=) -

seoh 0 AR TR SRR X (M4k—) 27 8i# L S/H 4 CIP
ABRKEEAET » FAmSERAGMA (R& 5253 8 54~
5-5)

53 $@EuERRK

AES2HXESH COT BxAMAEARSREAET  BHT
BEABTHRABRCELUBERERGT(ERETREZRE -
FHRBARL - RENHEBAENMEE) COT HBREMREEE
MR RO BRI REBARHENSEHGEREL » RBX
S9seyE R AEE COT~ S/H 2 COP =Bk %% » AR OH
PRI ERALZGBESHOTEN S - AT LHER LT8R
POLYMATH (Cutlip, 1999)##t3t:@58F 547 - RN X A A R HEA
% # COT ~ S/H #2 COP Z Bfit4 » 2k sk =k # K (power-law model) %
7~ 4o F (Shacham and Brauner, 1995) :

cor & 1 cop o
COTy " | (s | COPy

AV YTHUBERTHAAKZEE > a,. a,. a, Ra, R AHEH
FTH TEFrefALELZE -

Y=ay

37



251 RETREBEZ AR/ T HEERL

(B AR A - ARHBE=940K - BTHE EMFE=085ke/s
HABRALE=05 - AR A=3.0atm HEERABERE)

CoT 1-Cal1o Cop Yield Yield

Tr (X) CONVERSION | (kPa) CsHe i-Calls

500 793.2 0.020 234.09 0.855 0.833
950 799.5 0.021 235.45 0.891 0.868
600 807.8 0.023 234.01 0.941 0.916
650 818.1 0.024 234.47 1.013 0.987
700 830.7 0.027 234.19 1.119 1.090
750 845.8 0.031 233.64 1.274 1.242
800 863.4 0.036 228.56 1.510 1.472
850 883.3 0.045 228.09 1.889 1.842
900 905.1 0.060 227.59 2.500 2.439
950 928.1 0.084 221.69 3.475 3.392
1000 951.0 0.123 220.52 5.033 4.913
1050 973.3 0.181 214.79 7.285 7.093
1100 994 .4 0.262 210.91 | 10.294 9.949
1150 1015.2 0.365 205.37 | 13.836 | 13.134
1200 1036.7 | 0.488 198.06 | 17.513 15.979
1250 1060.9 0.624 186.98 | 20.679 | 17.309
1300 1089.2 0.765 176.58 | 22.385 | 15.476
1350 1126.5 0.891 159.02 | 21.177 9.047
1400 1180.2 0.976 131.77 | 14.948 1.473
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252 - RTHREMHEZAH/ T HARRE
(BB  ANRBE=940K - B THRE E/HE=085Kg/s
FHAEAALLE=04 - JEREA MIBE=1285K » @R 7))

CIpP COT i-CaHio COP Yield Yield

(atm) (K) CONVERSION | (kPa) Calls 1-CaHig

2.5 1082.9 0.679 112.0 22.059 | 16.597
3.0 1075.0 0.748 210.3 21.570 | 16.623
3.5 1073.1 0.793 277.3 20.386 | 16.236
4.0 1073.1 0.832 340.7 18.806 | 15.575
4.5 1074 .4 0.865 399.2 17.014 | 14.668
5.0 1076.6 0.893 455.3 15.090 | 13.562
9.5 1079.5 0.917 510.2 13.074 | 12.275
6.0 1082.9 0.938 566.0 10.993 | 10.829
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HAFmEZ R TREAEHEH A - 8o TR (R M%)
AR EREELT o Bl e R 77 %k 5-5 - POLYMATH 43t #
BHNAHZEERRBBEEHOZENGELERLT(FAE 5-
6 & E 5-7):

Y,y =119.959(COT /1000)>"” (S / H)**** (COP /101.325) %%
POLYMATH #: 3t B #0 T = 2 & £ 58 AR5 % #0008 M 44
HUERF(4AE 5-8 RE 5-9):

Y ., =167.673(COT /1000)¢% (S H)**™*5(COP /101.325) "%
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RS3I-RTHREBBZ AN/ TIHAER BT
(BRI RESE AR E=940K  E THE R %$=0.85kg/s -

YERER MR E= 1280 Ko #H4aR A= 4.0 atn > XEHE

COT 1-CsH1o COP Yield Yield
S/H (K)  |CONVERSION | (kpa) CaHs i-CaHs
0.2 1085.3 0.915 360.8 14.056 11.838
0.3 1080.1 0.880 350.7 16.682 13.726
0.4 1077.0 0.846 340.2 18.543 14.911
0.5 1075.3 0.814 326.5 19.923 15.697
0.6 1074.6 0.783 310.5 20.879 16.195
0.7 1074.8 0.754 293.1 21.508 16.493
0.8 1075.8 0.724 268.6 21.879 16.635
0.9 1077.1 0.697 248.0 21.990 | 16.659
1.0 1079.7 0.663 209.4 21.875 | 16.573
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23.000

I SRegression
! o 8 A 8 data
21.000 i [JCalculates

e value
19.000 +
a
17.000 +
S

19.000 +
13.000 - ﬂ e

Model:  Y=kx(X1,1000)~alphax(X2/0.4)~betax(X3/101.329)~gamna

k = 119.955 beta = (.134939
alpha = -21.8809 gamma = -0.202305

4 posttive residuals, 9 negative residuals.  Sum of squares = 0.00/9583/

B 5-6~ A5 REHRXDEFHAER
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/000

errorxi0? 1
4500 4 7
4
O
1,500 + ° 5
° O
-1.000 + o
T
-4.500 +  ° o
-/.900 —ttf+F—+— v
13.000 15,000 12000  19.000  21.000  23.000
error = Y - (kx(X1/1000)~alphax(X2,/0.4)~beta*(X3,101.322)*gamma)
[139.999 beta = (.134539

alpha = -21.8809 gamma = -0.202305

57 A% BERAREE
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17,400 +

OReqr ession

Y 1 ‘
. g o] s data
16.200 + 0 [JCalculated
¥ value

19.000 + o
13.800 + 0
12,600 +
11.400 m e e e A

Model:  Y=kx(X1,10000~2.2hax(X2/0.4)~betax(X3,101.329) *gamma

k = 167.6/3 beta = -0.00/330/5
alpha = -26.9039 gamma = -(0.3//886

3 positive residuals, 6 negative residuals. Sum of squares = 0.0265//7

BS5-8 T-H$#EHMABNFHUER
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k = 16/.6/3 beta = -0.007330/5
alpha = -26.5035 gamma = -(.3//886
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FXRE EHn#y

— ~ #% World Refining Business Digest (May,1999)35 & » £ B Aui &
RE 2003 FREPARABTROFRARABFRAL =T AR
(MTBE) » # FTR%AF S FAHEL » o RERRREF(EPA)R
B Ao & — A6 0 AREERR I Bko TR AL B AR RS89 5 0d 2 %
HEHKRTERE ?AUSK MTBE ¢ LE(GER)GEREE L
FRAFRIMLHEGELMZH, RAKEE S » b Bkl R E
B 7w LA MTBE 4% > RE€ A LR KR35
FE e ? RN T B AL B AT R T M R MAE > TR
K% MTBE © B R 3T B 2000 F £ 2005 436 4] R #7504 T4
R E(FFILD] 2000 £V £ 42% > 2005 F#0 E 35%) &
B2 & 0 tA MTBE R FIRMEEH R L » ATILE] 2005 £ F B3
#o 1.5 BE ~o#e) MTBE SEMRERA 4 BENE) - BATE
# R MTBE &9 % K &4 428,000 #/%(1998) » 503,000 #%/%
(1998) HP LBHE 53% Hik 40% - £B8 - PREAE M
Rt H @ XBBANEERE #MLBERKMIBEM AR -
Bl oo RAETHBILRKALBRBEFRAETE LS > WK
BT AR At ETBE(CAE = TAK) - # 5
MTBE &5t TRABE - R¥ - Rt 2die &
Yo IR~ 8 RERH -

B EBBRBNGIELEANGRREIEN I L FENA
s BTHTHERBSAY > f—FREHE RO ERT
B RNAZHBHEMERE  FRUAAK - ETHHEENE
AR BEHRHEAE - BETHOHKRTR -
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CRHERMEE O AN AR R®RS  BATRESZ Y

o MRRBELEOEELCOD) - AECHEFEEVEFOEHR
MARTHREERE BRECGYWERAEHEE - HBAAR
BB LS R st (S/H) ~ £ & 0 R /1(COP)4 - st
Z#A g COT~ S/H 2 COP =A% ARG iR
EXAAGBRFERBHTEMA

CHBRERE S 0§ LA L CHRAEAAE R > COT BT

WIEHABE EE o WAR E 4o COT RAK » AL 2 A8 E 4%,
ARG ERER 2 COTRERD » ARBILEZEEEYEY
BERMRA  FAERE RO AR IR - i COT &
BERAEL TUAHNAHBETHGESL  WETHET LY
91 -

CRAEBRFNBERT BRTABRVEEAS A2 FHE

AYEARER BA(run length) B AR 4 - B8 Rk Ads F it
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TR R B OFE  BMFREERFLEHESH%R > B
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M & —
TRTREM, GREX
C.

C- MATHEMATICAL MODELING ON ISOBUTANE PYROLYSIS,
C- THIS PROGRAM PREDICTS THE YIELD PATTERN FROM AN ISOBUTANE C

RACKER.

C
EXTERNAL F,F1
N g%RAMETER(Nzl5,NROOT=O,MINT=3,LW=N*N+17*N+2*NROOT+204,LIW
=N+21
COMMON B,C,D,E,S,R,A,EH,SUM,RECHET,Q,G,FR,RATE(15)
REAL Y(N),W(LW)
INTEGER IW(LIW)
REAL KT,HEAT(15),HEATF(14),VISC(14),CONDC(14),MWT(14),
$ X(14),CP(14),LENNARD(14),JONES(14),7(13),
$ SPX(100),SPF(100),SPB(100),SPC(100),SPD(100)
DATA MWT/16.E-3,26.E-3,28.E-3,30.E-3,40.E-3,42.E-3,44.E-3,54.E-3,
$ 56.E-3,56.E-3,58.E-3,2.E-3,78.E-3,18.E-3/
DATA LENNARD/148.6,231.8,224.7,215.7,302.6,298.9,237.1,327.3,
$ 321.1,335.4,330.1,59.7,412.3,809.1/
DATA JONES/3.758,4.033,4.163,4.443,4.585,4.678,5.118,5.085,
$5.219,5.182,5.278,2.827,5.349,2.641/
OPEN(S,FILE="PP3.DAT")
OPEN(6,FILE='PP4.DAT")

. TG=1300.
8- SET REQUESTED RELATIVE ACCURACY
EPS=1.E-5

C- SET INITIAL POINT
C.
-0,

TOUT=T
C-

C- SET PURE RELATIVE ERROR
C-

EWT=0.
C-

C- SET PARAMETER VALUE
C-
MSTATE=]

C

C- SET INITIAL CONDITIONS:

C- Y(D:Y(1)~Y(12) EXPRESS SPECIES MOLAR FLOW RATE(MOL/S)

C- Y(1)=CH4,Y(2)=C2H2,Y(3)=C2H4,Y (4)=C2H6,Y(5)=C3H4, Y (6)=C3H6,Y(7)=C3H8

C- Y(8)=C4H6,Y(9)=1-C4H8,Y(10)=2-C4H10,Y(11)=1-C4H10,Y(12)=H2,Y(13)=C6H6

C- Y(14)=PYROLYSIS TEMPERATURE, Y(15)=TOTAL PRESSURE

gS-SISOB%'IL//XSI;IE FEEDSTOCK(MASS,MOLAR RATE):3060(KG/HR)=0.85(KG/S)=14.
17M

C- DILUTION RATIO S/0=0.5, STEAM H20=0.85*0.4=0.34(KG/S)=18.88889(MOL/S)

C

FLOW=0.85
FLOWI1=FLOW*1000./58.
Y(1)=0.

Y(2)=0.

Y(3)=0.

Y(4)=0.

Y(5)=0.
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Y(6)=0.
Y(7)=0.
Y(8)=0.
Y (9)=0.
Y(10)=0.
Y(11)=FLOW1
Y(12)=0.
Y(13)=0.
Y(14)=940.
c Y(15)=3.0¥101325.
C- ISOBUTANE CONVERSION
C-
10 CONV=(FLOWI1-Y(11))/FLOW1
C
(C?— COMPONENT YIELD(KG/100KG ISOBUTANE)
DO 151=1,13
15 ZMO=YO*MWTI)/FLOW*100.
STEAM=0.5
STEAMMOL=STEAM*FLOW*1000./18.
SUM=0.0
DO 201=1,13
20 SUM=SUM+Y(D)
SUM=SUM+STEAMMOL
DO 251=1,13
25 XM=YD)/SUM
X(14)=STEAMMOL/SUM
C-
C- USE ADAPTIVE SIMPSON'S RULE TO CALCULATE COMPONENT HEAT FO
RMATION
C- AT PYROLYSIS TEMPERATURE
C-
DO 30 1=1,14
READ(,*) B,C,D,E,S
CP(D=B+C*Y(14)+D*Y(14)**2+E*Y(14)**3
CALL SIMP(F1,298.15,Y(14),1.E-6,ANS,ERROR,AREA,IFLAG)
30 HEATF(I)=S+ANS
REWIND 5
C-
g- CALCULATE REACTION HEAT

HEAT(1)=HEATF(9)+HEATF(12)-HEATF(11)
HEAT(2)=HEATF(11)-HEATF(9)-HEATF(12)
HEAT(3)=HEATF(6)+HEATF(1)-HEATF(11)
HEAT(4)=HEATF(10)+HEATF(4)-HEATF(11)-HEATF(3)
HEAT(5)=3*HEATEF(3)-2*HEATF(6)
HEAT(6)=HEATF(2+HEATF(1)-HEATF(6)
HEAT(7)=HEATF(6)-HEATF(1)-HEATF(2)
HEAT(8)=HEATF(3)+HEATF(1)-HEATF(6)-HEATF(12)
HEAT(9)=HEATF(7)+HEATF(1)-2*HEATF(4)
HEAT(10)=HEATF(3)+HEATF(12)-HEATF(4)
HEAT(11)=HEATF(4)-HEATF(3)-HEATF(12)
HEAT(12)=HEATF(8)-HEATF(2)-HEATE(3)
HEAT(13)=HEATF(5)+HEATF(1)-HEATF(9)
HEAT(14)=0.667*HEATF(13)+2*HEATF(12)-HEATF(10)
HEAT(15)=HEATF(13)+HEATF(12)-2*HEATE(5) '
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C- CALCULATE COMPONENT VISCOSITY CONDUCTIVITY

C-

35

45

50
C-

R=8.314
N1=79
DO 35 I=1,N1
READ(6,*) SPX(I),SPF(D)
REWIND 6
CALL SPCOEF(N1,SPX,SPF,SPB,SPC,SPD,IFLAG)
IFIFLAG.EQ.0) GOTO 45
WRITE(*,1) IFLAG
FORMAT(QX,TFLAG="13,5X,ERROR IN DATA")
STOP
DO 501=1,14
T1=Y(14)/LENNARD(])
CALL SVALUE(N1,SPX,SPF,SPB,SPC,SPD, T1,INTRS,SP,IFLAG)
VISC(D)=2.6693E-6*SQRT(MMWT(I)*1000.*Y (14))/SP/JONES(D)**2
CONDC@D=(CPM+1.25*R)*VISCOH/MWT()

C- CALCULATE MIXTURE VISCOSITY, CONDUCTIVITY

C-

C-
C-
C-

C-
C
C-
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NC=14
VISCM=VISMIX(VISC MWT,X,NC)
CONDCM=CONDMIX(CONDC,VISC,MWT,X,NC)

INPUT REACTOR PAPAMETERS

PI=3.1415926

E1=0.9

SIGMA=5.672E-8
PITCH=0.4

DI=0.116

DO=0.132
KT=10.738+0.0242*Y(14)
TT=0.008

ITERATIVE CALCULATION FOR HEAT FLUX

A=3.14159*0.058*0.058
G=FLOW*(1+STEAM)/A
REF=G*DI/VISCM
CPM=0.

DO 551=1,14

CPM=CPM+X(I)*CP(I)
PRF=CPM/(CPM+1.25*R)
C1=PITCH/DO
C2=SQRT(C1*CI-1.)
OMEGA=C1+ATAN(C2)-C2
PHI=1./(1./E1-1.+PI/(2*OMEGA))
TO=1150.

TOLD=TO
DQDA=SIGMA*PHI*(TG**4-TO**4)
HI=0.023*(CONDCM/DI)*REF**(0.8)*PRF**(0.4)
TI=DQDA/(HI*(DI/DO))+Y(14)
TO=TI+TT*DQDA/KT
IF(ABS(1.0-(TO/TOLD)).LE.EPS) THEN
Q=DQDA*DO/DI
ELSE
GOTO 60
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ENDIF

C-EH=XF;Cp
C-

EH=0.

DO 65 I=1,13

65 EH=EH+Y(I)*CP()
EH=EH+STEAMMOL *(32.24+1.924E-3*Y (14)+1.055E-5* Y (14)**2
$ -3.6E-9%Y(14)**3) -
C-
C- RATE EQUATIONS
C-
RATE(1)=3.046E1 1*EXP(-227610./R/Y(14))*Y(11)*Y(15)/SUM/R/Y (14)

RATE(2)=2.744E3*EXP(-112508./R/Y (14))*Y(9)* Y (12)*(Y(15)/SUM/R/
$ Y(14))**2

RATE(3)=4.245E1 1¥EXP(-227735/R/Y(14)*Y(11)*Y(15)/SUM/R/Y(14)

RATE(4)=7.32ES*EXP(-126524./R/Y(14))*Y(1 D*Y(3)*(Y(15)/SUM/R/
$Y(14)**2

RATE(5)=1.514E1 1¥*EXP(-233467./R/Y(14))*Y(6)*Y(15)/SUM/R/Y(14)
RATE(6)=3.794E1 1*EXP(-248488./R/Y(14))*Y(6)*Y(15)/SUM/R/Y(14)

RATE(7)=1.986E4*EXP(-122299./R/Y(14))*Y(1)*Y (2)*(Y(15)/SUM/R/
§ Y(14)**2

RATE(8)=5.77E6*EXP(-146440./R/Y(14))*Y(6)*Y(1 2)*(Y(15)/SUM/R/
$ Y(14))**2

RATE(9)=3.75E12*EXP(-273006./R/Y (14))*Y(4)*Y(15)/SUM/R/Y(14)
RATE(10)=4.652E13*EXP(-272839./R/Y(14))*Y(4)*Y(15)/SUM/R/Y(14)

RATE(11)=8.489ES*EXP(-136525./R/Y(14))*Y(3)*Y(12)*(Y(15)/SUM/R/
$ Y(14)**2

RATE(12)=1.026E9*EXP(-172632./R/Y (14)*Y(2)*Y 3)*(Y(15)/SUM/R/
$ Y(14))**2

RATE(13)=6.374E1S*EXP(-300616./R/Y (14)*Y (9)*Y(15)/SUM/R/Y(14)
RATE(14)=2.559ET*EXP(-136147./R/Y (14))*Y(10)*Y(15/SUM/R/Y(14)
. RATE(15)=3 SMEAEXPCA0SSE. RV Y(5)YIISUMRIY (1)
C- RECHET= % (-A H)Ri
" RECHET=0.

DO 70 I=1,15
70 RECHET=RECHET+HEAT(I)*RATE()

RB=0.178

[F(TOUT.LE.9.).OR.(TOUT.GE.9.55.AND.TOUT.LE.18.55).0R.(TOUT.GE.
$ 19.1.AND.TOUT.LE.28.1).0R.(TOUT.GE.28.65.AND.TOUT.LE.37.65).0R.
$ (TOUT.GE.38.2.AND.TOUT.LE.47.2).0R.(TOUT.GE.47.75.AND.TOUT.LE.
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$ 56.75).0R.(TOUT.GE.57.3.AND.TOUT.LE.66.3).0R.(TOUT.GE.66.85.AND.
$ TOUT.LE.75.)) THEN

FR=0.092/DI*REF**(-0.2)

ELSE

FR=0.092/DI*REF**(-0.2)+(0.0227*R B+0.0847*DI)/RB**2
. ENDEF
8: FLOW VELOCITY
© V=R*Y(14)*SUM/A/Y(1S)
CALL SDRIV2(N,T,Y,F,TOUT,MSTATE,NROOT,EPS,EWTMINT,W.LW.IW LI
W.F)
IF(MSTATE.GT.2) STOP
TOUT=TOUT40.1
IF(TOUT.LE.75.) THEN
WRITE(*,2) TOUT,CONV (Z{),1=1,13),Y(14),Y(15).SUM.V,Q,TO.TI
2 FORMAT(X,F5.1.2X.F5.3. 13(7.3.3%) F6.1 3X.F9.1.2X F7.2. 3X F7.2,
$ 3X,F8.1.2X.F6.1.2X F6.1)
GOTO 10
ENDIF
END
SUBROUTINE F(Y,YP)
COMMON B,C,D.E S.R.A,EH,SUM,RECHET.Q.G.FR,RATE(1S)
. REALY().Y()
C- MASS BALANCE DIFFERENTIAL EQUATIONS
C_
YP(1)=(RATE(3)}+RATE(6)-RATE(7+RATE(8)+RATE9)+RATE(13))*A
YP(2)=(RATE(6)-RATE(7)-RATE(12))*A
YP(3)=(-RATE(4)+3*RATE(5)+RATE@+RATE(10)-RATE(1 1)-RATE(12))*A
YP(4)=(RATE®4)-2*RATE(9)-RATE(10)+RATE(1 1))*A
YP(5)=(RATE(13)-2*RATE(15))*A
YP(6)=(RATE(3)-2*RATE(S)-RATE(6)+RATE(7)-RATE®))*A
YP(7)=RATEQQ)*A
YP(8)=RATE(12)*A
YP©)=(RATE(1)-RATE(2)-RATE(13))*A
YP(10)=(RATE(4)-RATE(14))*A
YP(11)=(-RATE(1}+RATE(2)-RATEG)-RATE())* A

YP(12)=(RATE(1)-RATE(2)-RATE(8)+RATE(10)-RATE(1 1)+2*RATE(14)
$ +RATE(15))*A

YP(13)=(0.667*RATE(14)+RATE(15))*A

8 ENERAGY BALANCE DIFFERENTIAL EQUATION
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YP(14)=(3.14159*0.116*Q-A*RECHET)/EH

SUM1=0.0
DO 101=1,13
10 SUMI=SUMI+YP()

C-
C- PRESSURE DROP DIFFERENTIAL EQUATION

C-
YP(15)=(SUM1/G/A+(YP(14)/Y (14)+FR)*SUM/G/A)/(SUM/G/A/Y (15)-
$ Y(15)/G/G/R/Y(14))
RETURN
END

FUNCTION F1(X)

COMMON B,C,D.E,S,R,A,EH,SUM,RECHET,Q,G,FR,RATE(15)
F1=B+C*X+D*X*X+E*X*X*X

RETURN

END

C-
C- SUBPROGRAM: CALCULATION OF MIXTURE VISCOSITY

C-
FUNCTION VISMIX(VISC_ MWT,X,NC)
REAL*4 VISCINC),MWT(NC),X(NC)
VISMIX=0.
DO 10I=1,NC
SUM=0.
DO 20 J=1,NC
PHI=(1+SQRT(VISCA)/VISCON)*MWTI)/MWTD))**0.25)**2/
$ SQRT@ *(1+MWTO/MWT(J)))
20 SUM=SUM+X(J)*PHI
10 VISMIX=VISMIX+VISC(D)*X(I)/SUM
RETURN
END

C-
C- SUBPROGRAM: CALCULATION OF MIXTURE THERMAL CONDUCTIVITY

C
FUNCTION CONDMIX(CONDC,VISCMWT,X,NC)
REAL*4 CONDC(NC),VISC(NC),MWTNC),X(NC)
CONDMIX=0.
DO 10 I=1,NC
SUM=0.
DO 20 J=1,NC
PHI=(1+SQRT(VISCI)/VISCO)*MWTJ)YMWT(D))**0.25)**2/

$ SOQRTE *(1+MWTO/MWT()))

20 SUM=SUM+X(J)*PHI

10 CONDMIX=CONDMIX+CONDCI)*X(I)/SUM
RETURN
END
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SUBROUTINE SIMP(F,A,B,ACC,ANS,ERROR,AREA,IFLAG)

SIMP IS AN ADAPTIVE, ITERATIVE CODE BASED ON SIMPSON'S RULE.
IT IS DESIGNED TO EVALUATE THE DEFINITE INTEGRAL OF A CON-
TINUOUS FUNCTION WITH FINITE LIMITS OF INTEGRATION.

)

PROGRAM.

A,B - LOWER AND UPPER LIMITS OF INTEGRATION.

ANS- ngPROXIMATE VALUE OF THE INTEGRAL OF F(X) FROM
ATOB.

AREA - APPROXIMATE VALUE OF THE INTEGRAL OF ABS(F(X))
FROM A TO B.

ERROR - ESTIMATED ERROR OF ANS. USER MAY WISH TO EXTRA-
POLATE BY FORMING ANS+ERROR TO GET WHAT IS OFTEN A
MORE ACCURATE RESULT, BUT NOT ALWAYS.

ACC - DESIRED ACCURACY OF ANS. CODE TRIES TO MAKE
ABS(ERROR).LE. ACC*ABS(AREA).

IFLAG =1 FOR NORMAL RETURN.

=2 IFIT IS NECESSARY TO GO TO 30 LEVELS OR
USE A SUBINTERVAL TOO SMALL FOR MACHINE WORD
LENGTH. ERROR MAY BE UNRELIABLE IN THIS CASE.

=3 IF MORE THAT 2000 FUNCTION EVALUATIONS ARE USED.
ROUGH APPROXIMATIONS ARE USED TO COMPLETE THE
COMPUTATIONS AND ERROR IS USUALLY UNRELIABLE.

DIMENSION FV(5),LORR(30),F1T(30),F2T(30),F3T(30),DAT(30),
* ARESTT(30),ESTT(30),EPST(30),PSUM(30)

OOOOOOOOQOOOOOOOOOOEOOOOQGOO @

(HERE AN IBM PC COMPATIBLE)
U =1.2E-7
INITIALIZE

FOURU=4.0¥U

IFLAG=1

EPS=ACC

ERROR=0.0

LVL=1

LORR(LVL)=1
PSUM(LVL)=0.0
ALPHA=A

DA=B-A

AREA=0.0

AREST=0.0
FV(1)=F(ALPHA)
FV(3)=F(ALPHA+0.5*DA)
FV(5)=F(ALPHA+DA)
KOUNT=3

WT=DA/6.0
EST=WT*(FV(1)+4.0*FV(3)+FV(5))

QN0 Onn
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F - NAME OF FUNCTION WHOSE INTEGRAL IS DESIRED. THE FUNCTION
NAME F MUST APPEAR IN AN EXTERNAL STATEMENT IN THE CALL

SET U TO APPROXIMATELY THE UNIT ROUND-OFF OF SPECIFIC MACHINE



C 'BASIC STEP'. HAVE ESTIMATE EST OF INTEGRAL ON (ALPHA,ALPHA+DA).
BISECT AND COMPUTE ESTIMATES ON LEFT AND RIGHT HALF INTERVAL

C
S.
C SIMILARLY TREAT INTEGRAL OF ABS(F(X)). SUM IS BETTER VALUE FOR
C INTEGRAL AND DIFF/15.0 IS APPROXIMATELY ITS ERROR.

C

1 DX=0.5*DA

FV(2)=F(ALPHA+0.5*DX)
FV(4)=F(ALPHA+1.5*DX)
KOUNT=KOUNT+2
WT=DX/6.0
ESTL=WT*(FV(1)+4.0*FV(2)+FV(3))
ESTR=WT*(FV(3)+4.0*FV(4)+FV(5))
SUM=ESTL+ESTR
ARESTL=WT*(ABS(FV(1))+ABS(4.0*FV(2))+ABS(FV(3)))
ARESTR=WT*(ABS(FV(3))+ABS(4.0*FV(4))+ABS(FV(5)))
AREA=AREA+((ARESTL+ARESTR)-AREST)
DIFF=EST-SUM

C

C IF ERROR IS ACCEPTABLE, GO TO 2. IF INTERVAL IS TOO SMALL OR
TOO MANY LEVELS OR TOO MANY FUNCTION EVALUATIONS, SET A FLAG

C
C AND GO TO 2 ANYWAY.
C

IF(ABS(DIFF).LE.EPS*ABS(AREA))GO TO 2
IF(ABS(DX).LE.FOURU*ABS(ALPHA))GO TO 5
IF(LVL.GE.30)GO TO 5

IF(KOUNT.GE.2000)GO TO 6

HERE TO RAISE LEVEL. STORE INFORMATION TO PROCESS RIGHT HALF
INTERVAL LATER. INITIALIZE FOR 'BASIC STEP' SO AS TO TREAT
LEFT HALF INTERVAL.

LVL=LVL+]
LORR(LVL)=0
FIT(LVL)=FV(3)
F2T(LVL)=FV(4)
F3T(LVL)=FV(5)
DA=DX
DAT(LVL)=DX
AREST=ARESTL
ARESTT(LVL)=ARESTR
EST=ESTL
ESTT(LVL)=ESTR
EPS=EPS/1.4
EPST(LVL)=EPS
FV()=FV(3)
FV(3)=FV(2)
GOTO1

ACCEPT APPROXIMATE INTEGRAL SUM. IF IT WAS ON A LEFT INTERVAL,
GO TO 'MOVE RIGHT". IF A RIGHT INTERVAL, ADD RESULTS TO FIN-

ISH AT THIS LEVEL. ARRAY LORR (MNEMONIC FOR LEFT OR RIGHT)
TELLS WHETHER LEFT OR RIGHT INTERVAL AT EACH LEVEL.

2 ERROR=ERROR+DIFF/15.0

3 IF(LORR(LVL).EQ.0)GO TO 4
SUM=PSUM(LVL)+SUM
LVL=LVL-1

SIoIolele!

olololelele!
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IF(LVL.GT.)GO TO 3
ANS=SUM
RETURN

C

C 'MOVE RIGHT'. RESTORE SAVED INFORMATION TO PROCESS RIGHT HALF

C INTERVAL.

C

4 PSUM(LVL)=SUM

LORR(LVL)=1
ALPHA=ALPHA+DA
DA=DAT(LVL)
FV()=FIT(LVL)
FV(3)=F2T(LVL)
FV(5)=F3T(LVL)
AREST=ARESTT(LVL)
EST=ESTT(LVL)
EPS=EPST(LVL)

c GOTO 1

8 ACCEPT 'POOR' VALUE. SET APPROPRIATE FLAGS.
5 IFLAG=2
GOTO?2
6 IFLAG=3
GO TO?2
END
C
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M s —
"ATREMAER RS COT Rilfb, TRERX

C
8 ... OPERATING OPTIMIZATION ON ISOBUTANE CRACKER

C  THIS PROGRAM IS USED TO MAXIMIZE YIELD OF LIGHT OLEFINS
C  PRODUCED FROM ISOBUTANE CRACKING UNITS.

C
IMPLICIT REAL*8 (A-H,0-Z)
REAL*8 T(19),YC3(19),YC4(19)
REAL*8 B3(19),C3(19),D3(19)
REAL*8 B4(19),C4(19),D4(19)
INTEGER KEY(19)
REAL*8 UCOT(70),YC3H6(70), YC4H8&(70),Y(70)
OPEN (2, FILE='OPT.OUT)
OPEN(7,FILE='COT2.DAT)
N=19
DO 11=1,N

1 READ(7.*) YC3(I),YC4(D,T)
NMI=N-1

... OPTIMUM COT FOR PROPYLENE

CALL SPLINE(N,T,YC3,B3,C3,D3)
DO 2 =1 NM1
AY3=3.0*D3(I)
BY3=2.0*C3(D)-6.0*D3(I)*T(I)
CY3=B3(D)-2.0*C3O*TM+AY3*TM*T{)
DIS3=BY3*BY3-4.0*AY3*CY3
[F(DIS3 .LT. 0.0) GOTO 2
R1Y3=(-BY3+SQRT(DIS3))/(2.0¥*AY3)
IF(R1Y3 .GE. T(I) .AND. R1Y3 .LE. T(+1)) THEN
COTC3=R1Y3
write(*,*) I, R1Y3=",COTC3
ENDIF
R2Y3=(-BY3-SQRT(DIS3))/(2.0¥*AY3)
IF(R2Y3 .GE. T(D) .AND. R2Y3 .LE. T(I+1)) THEN
COTC3=R2Y3
WRITE(*,*) I,R2Y3=",COTC3
ENDIF

2 CONTINUE
Y3=SEVAL(N,COTC3,T,YC3,B3,C3,D3)
WRITE(2,20) Y3,COTC3

20 FORMAT(/' OUTPUT DATA .../
&  5X, OPTIMUM YIELD OF PROPYLENE ='F8.3,' WT%/,

c &  /5X,"AT COT ='F8.2,' DEGREE K")

C .. OPTIMUM COT FOR I-BUTYLENE

C
CALL SPLINE(N,T,YC4,B4,C4,D4)
DO 3 1=1,NM1
AY4=3.0*D4(I)
BY4=2.0*C4(D-6.0*D4(D)*T()
CY4=B4(D-2.0*C4D*TM+AY4*TO*TD)
DIS4=BY4*BY4-4.0*AY4*CY4
IF(DIS4 .LT. 0.0) GOTO 3
R1Y4=(-BY4+SQRT(DIS4))/(2.0*AY4)
IF(R1Y4 .GE. T(I) .AND. R1Y4 .LE. T(I+1)) COTC4=R1Y4
R2Y4=(-BY4-SQRT(DIS4))/(2.0*AY4)
IF(R2Y4 .GE. T(I) .AND. R2Y4 .LE. T(I+1)) COTC4=R2Y4
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3 CONTINUE

Y4=SEVAL(N,COTC4,T,YC4,B4,C4,D4)
WRITE(2,30) Y4,COTC4

30 FORMAT(/5X, OPTIMUM YIELD OF [-BUTYLENE =\F8.3, WT%/,

SISIPIPIP]

&  /5X, AT COT ='F8.2, DEGREE K')

... EVALUATE THE SPLINE INTERPOLATION
(1) MAXIMIZE C3H6+]-C4H8

ICOT1=COTC4

ICOT2=COTC3

INTVL=ICOT2-ICOT1+1

DO 5 I=1,INTVL

UCOTM)=ICOT1+(-1)
YC3H6(I)=SEVAL(N,UCOT(0),T,YC3,B3,C3,D3)
YC4H8(I)=SEVAL(N,UCOT(),T,YC4,B4,C4,D4)
Y()=YC3H6(I)+YC4H8()

KEY(D=I

CONTINUE

CALL SORT(NTVL,KEY,Y)

WRITE (2,55)

55 FORMAT(/, ¥**+* MAXIMIZE C3H6 +I-C4H8 **x** /)

WRITE(2,¥) 'RANK COT TOTAL YIELD YC3H6 YC4HS'
DO 8 I=1,INTVL

K=KEY(I)

WRITE(2,60) LUCOT(K),Y(I), YC3H6(K), YC4H8(K)

60 FORMAT(4,F8.0,F10.3,4X,2F8.2)
8 CONTINUE

SIPISICIO NN

END
SUBROUTINE SORT(N,KEY,Y)

... THIS ROUTINE SORTS A YIELD ARRAY OF N ELEMENTS INTO
DESCENDING ORDER. NOTE THAT KEY AND Y ARE BOTH INPUT
AND OUTPUT PARAMETERS.

REAL*8 Y(N)

INTEGER KEY(N)

DO 51=I,N-1

DO 5 J=1,N-1

IF (Y(J) .LT. YJ+1)) THEN
TEMP=Y(J)
Y(ND=Y(J+1)
Y(J+1)=TEMP
ITEMP=KEY())
KEY(J)=KEY(J+1)
KEY(J+1)=ITEMP

ENDIF

CONTINUE

RETURN

END
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