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“Functions and Design Concepts of EQUATRAN-M ——
A General Purpose Equation Solver” (in Japanese)
by Goro OGUCHI (Systems and Computing Department,
Mitsui Toatsu Chemicals Inc., 3—-2-5 Kasumigaseki,
Chiyodaku, Tokyo, 100, Japan)

EQUATRAN-M is a computor software for personal comput-
ors, to solve a set of linear and non—linear equations,.
This software was developed originaly on the main—frame
computor, and has been utilized over a decade in chemical
industries, The user of EQUATRAN-M can get a numerical
solution of the equations only by inputting them in nor-
mal mathematical form without any programming efforts.

This paper describes the functions and the design con-
septs of EQUATRAN-M with its applied examples.
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ORFREFHLIUSEX1I P08 | =X b (1.4) b
BIRENZBROFEREZELEN | BFore a(2.4) (a: a4)
BHINLS, a (2:4) (a; a3 ag)
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SUM (A *xB)
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(280X #AK
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= 0. 414 500<Re O&%
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-~ MZPURRBENOREZ2DEZTOHBCE IS LIRTEI LWL ST [ F oo THEN
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TS5 LAEQUATRANIVYANLSENS, 2VYNRLSEMTOLS BBBETS
(Wi e sr .

[(XER] V-2AFFALOMIMREFTOVXELOIS - EHRETSLEDE. 2
TOFBRRXALEEBOMBRERT —D20 S5 7L LTERBETSE, EQUATRAN-MT
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2By ERHVTVSE, B-1a 75 72BoEMREFERXKEOPVWTRL L,
(ROZEREARHEOF = v 2] R2TCOEBRIHEAIADIELYHESIRAS LI BRBE
FRAEZEET L, COLSRERBAFATRTCHOABCOFEARXIETH S (EMCE T
WMERIAR] G) ) tHEhs., COFTEBROERRIERD 2B S 70T it
BOFRMIZ->TWEFTRF T T2BELLTIEBNERSCERHT N TCESE, B -
I1bUE-1alwFmzLlLAFERARHLTCOEROBEET RAERERLTWV S,

H-1a FEROIS7FR (05 71D

5]




= cX—a
(bx+3) /2
—log x./4
lol/h

50

[GHBETHFEAXOHMN) FERXOBRXIEBERMEHETELSEHIELETIL THRI»RE
HOBWBRINREZENTVEIN, BB PV TISORBMEBLEEATFERNLERBRETS
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ﬁ*bﬂko Xy = B; /LB i=1,2¢ +5
OB E—F oo oo AP VORRR xdy = By /EBy  11.2- -4 (F34=-2)
: N TEHER
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QEBEE-—F o RERE L7
n-FEEEELATERY AEKR %
R _

ORI E —F oo HOF 2@ o
AHE(FSAR—2015 ViBE
&C0/C0: k) 2 B5EATRBEEET
Tu-FEEEERT S,
B-4XZEQUATRAN-MTE

WhV=-AFFAFDOYRAMERT,

VmAFERAMREEBR 7Y -7 2 —

Ty FTL /% x/CHERLSH

Ba2fv1+ThHd, 3ITHOVARI

BEBEARET A XT. BHIEBOK

FIRCCTEETS, 26iTHOD
INPUT XW. coxXTiELL

EROELEHEEZITHRIERIAL &

2EELTWVWS, 27 FH® RES

ET XENKHEOHFEEERET S

XTHY. EERETAZEHR (r2)

ZOMBE. EBPLITCREEF = »

7T B3ROZHE (e2) BEMNEBETS

%5, 38iTH® OUTPUT Xi

HEZEREERTAEREERET S D

ODTHbd, 30TEHURERR. #ix=x

—FEEFE-FOBADOINPUT

XERESETXOEE DS (BE

Ba AVt BSTHWE) . COBH

EFMOBALA LY T (FRERXoBEBW

W2 FE2AQTRE) EE-FOHE

E!__

ec!t

U LI © 00~ DD U NI e

el:

s et b et

30: /%

35: /%

lzl_

rl
Tap
r2

¢4
(3
Ta
7)

UH(E(1:4))
(4)

(2)
)#X

p)+

E(1) = 3=r1 +r2
E(2) = rl
E(3) = rl -r2
E(4) = r2
E(5) = sbyc - r1 - r2
X = E/SUH(E)
Xd = E(1:4)/S
Re = Xd(3)/Xd
Kl = (X(3)#X(1)~3)/
K2 = (X(1)*X(4))/ (X
K1 = EXP(-274684/(T-
K2 = EXP(4084/T-3.7
TC = T-273
P =10
sbyc = 3.8

INPUT rl,Tap

RESET r2#0.5[0,1] BY

INPUT

TC,

Tap

RESET rliO.S%O.l]

RESET r2#0.5

INPUT

0.,1]

Xd(2),Re
RESET r2#0.5[0,1] BY

38: OUTPUT r1,r2,Xd,TC,Tap

[ BHER ]

rl
r2

X
L\
Tap

= 92
i

0.75948
15

0.
0.39732

[ ADEE 1 mudm
=0.92

=15
#0.5

BY
BY

]

2) 0.019243

820.107061

e2

ec

4 WAkl -5+ b

/¥ AF =L V74—~ DRY =/
VAR E(5),X(5),Xd(4)

/% H2 %/
/¥ CH4 %/
/% CO %/
/% C02 %/
/% H20 %/
/1t RIGHZMB =/
/1t KS A RX—2Z %/
/% €0/C02 %/
*X(5)) = P~2
(5))
30.71) /* REERY (1) %/
/% (2) =/
/¥ ZROEH [ata] #/
/¥ AF =L h—=KVH 2/
/t BEtEe—F 2/

/3 BEE—F 2/

/* RBTE— K 2/
*/

5  {EHI1 o AL aHERER

3) 0.125725 4) 0.095571

%ﬁé:tﬁ?%éo@—5u%ﬁﬁmkﬂ?—yoﬂ&ﬁﬁﬁiéﬁbko

(2) twZ vYBR7ZAVFELTOEROPERE

-6 {EEH2 FLIVRTAFLTOEROWEINE
Bl 259valSh GUUE

— BO L5 o ®[ o @ . © cm

e
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CrHla o
: o)

Hs 43¢

)
8y

®

AZESAY

_yEviE
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® l CqHly
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m Calls + Hy ~> C4Hs + CHs
(LR 7= 0.75)

AZES4Y BIE~ CHe 99.9%
Celle 0.02%
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weEovu-REELHEREHE
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ELEXELZIOATWVWE, 75
y Va2 FSATCRRETFHFHR
o THHOHEEITS . 2
DODEEE (RvEVELIRS
ESAY) TRF-RHOHE
BEELZ.HOBRSOHBERF
enskedRXEHWABEERE
BHECLI-TRESNS,
B-Twky -2y F, A~
guwitgRresslh, V-2
YJRAFO2{TEOGLOBAL
X ra—nNunNs A -5 L
HNnabO00RBET. Thilk
STV —AFFAPPFONCLE
WHI Y VELARLTL (TBD
ERAB) WEERAONS,
3ITHOVARXT2A LMY -
LOBRHHEBEET 2 RALOE
FEBRFHREESIALTS., 5
TE~35{ =2 0t EH
LTWaERTHY. ST7
Sy vaitEO2o 12 (F1l a
s hn) EGBHED= s 0 (
Fenske) BXUREFTSE
EHxitE T s <0 (Kca
lc) REESNLTWSE, K¢
alcio=wrsuad (1217
H. 244H) © CALL
Xikpa-nwvshTtnd, &
DEIWTI20FRATFs VT
bTExL, EBO7utA0DE
FE3TITE~6 31THET
THY. v 2voflACEL-T
kFEavyRI rERTELE
NT&,

(3) a—-FF v 7F+I 74+ A
OBt R

oFw. HRTERE (Z 8
762 Wda—-F4% 74
Yy 20RFHROWEMY

—

DNAWN O DD UL N

Bl-7 #BBIZO)-ATFAL

/¥ P T VYBPMFA T OER &/
GLOBAL NC=4
VAR F(18,NC) /x TR ® 2024y
MACRO Flashn /¥ 739 vaftEovrn &/
LOCAL vbyfi = 0.5
VAR K(NC),BUNBO (NC)
feed = vap + liq
vap = liq*K# (vbyf/(1-vbyf))
eq: SUN(feed/BUNBO) = SUM(feed*K/BUNBO)
BUNBO = 1-vbyf+K#vbyf
CALL Kcalc(T=T, P=P, K=K)
RESET vbyf#vbyfi[0,1] BY eq
END Flashn

HACRO Fenske
VAR alp(NC),eta(NC), K(NC)

3:ATYETY  4:1bALY %/

/* MBEREBEHH O 20D 2/

feed = top + btm

top = feed*eta

Ne+1l = LOGE(etal/(1-etal)*(1-etah)/etah)/LOGE(alp(lkey))

Nm+1 = LOGE(eta(nkey)/(1-eta(nkey))*(1~etah)/etah) ..
/LOGE (alp (nkey))

CALL Kcalc(T=T, P=P, K=K)

alp = K/K{hkey)

eta(hkey) = etah ; eta(lkey) = etal

o ..
)

END Fenske
HACRO Kcale /* Kttt Eo<wsrn %/
VAR AK(4),BK(4),CK(4)
AK=(10.361, 8.5937, 9.5007, 9.3802 )
BK=(-426.41,-898.01,-2788.0,-3059.1)
CK=(251.7, 266.0, 220.8, 219.2 )
LOGE (K*P) = AK+BK/(T+CK)
END Kcale
/¥ 7 4 — F x/
F(1) = (0,0,0,276.2)
F(2) = (924,50,0,0)
/2 RIG® 3/
F(5,1.4) = F(4,1.4)-R
F(5,2.3) = F(4,2.3)+R
R = F(4,4 *galla
/X TS 9V a K5 L %/
F101: CALL Flashn (feed F(5), vap=F(11), 1iq=F(6), T=43, P=40)
/% WA K %/
F(13) + F(15) = (14) + F(16)
F(14,1.2) = F(13,1.
F(14,3.4) = 0
/¥ 2B EDSAY %/
D102: CALL Fenske(feed=F(6), top=F(7), bta=F(8), P=17, T=230 ..
;lkey=2, hkey=3, nkey=1.4, etal=0.999, etah=0.0002)
/¥ Ry ¥ YR o x/
D103: CALL Fenske(feed=F(8), top=F(9), btw=F(10), P=15, T=24
»lkey=3, hkey=4, nkey=1.2, etal=0.99, etah=0.0025
/x BB RE =/
F(1) = F(3) + F(15)s F(15) = r15:F(1)
F(4) = F(2) + F(3) + F(10) + F(12) 8)
F(11) = F(12) + F(13): F(12) = F(ll) rl2
/¥ AN Yy %/
ri2 = 0.28
F(15,4)/F(13,3) = 1.5
ganma = 0.7%
QUTPUT F
R-8 13RI 2 oaPEEER
’E IR ]
(G 2 3 (Y
1) 0 0 0 276.2
) 9 50 [ 0
30 0 0 267.328612
4) 1175.465335 170.194317 11.001275 367961801
5) 899.493984 446.165667 286.972625 91.99045
6) 1.403504 16.90025 278.758377 91.193242
7) 1.403504 16.88335 0.055752 0.000668
8) 8.888455E-009 0.0169 278.702625 91.192573
9) 8.888455E-009 0.0169 275.915599 0.227981
10) 0 ] 2.787026 90.964592
11) 898.090481 429.265417 8.214248 0.797208
12) 251.465335 120.104317 0.223218
13) 646.625146 309.0711 5.914259 0.57399
14) 646.625146 308.0711 0 0
15) 0 0 0 8.871388
16) 0 0 5.914259 9.445378
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HRYBEHBERRE, COBAKD | 7 T Rk TAm sToz-1000 5
4= = 3 /r RBRW OF—7N x/
YA}LDE6E5~6TTEX69~T174TF i e x1<s).xz{u)ix(11.a)” e vt o/
- 2% : TABLE x = alphO( x2, «x * x1=Rd , x2=b"4 =
HBREIAVIZB>TWHWE) EE 6: Kl (53 1E4, 2040 362, SE4, 185, 166, 1E7)
. . : x2 = {0.0025, 0.005, 0,01, 0.04, 0.10, 0.15,
TAKUTHRINBTE S, 8 0.20,  0.25, 0.30, 0.35, 0.40)
: X = ..
10: (0.603,0.600,0.599,0.599,0.598,0.598,0.598,0.597) ..
11: (0.606,0.602,0.602,0.602,0.601,0.601,0.600,0.509). .
12: (0.611,0.606,0.605,0.604,0.603,0.603,0.602,0.602)..
E-9 {ERH 3 13: (0.634,0.626,0.621,0.618,0.617,0.616,0.615,0.614). .
14: (0. ,0.658,0.650,0.645,0.642,0.640,0.637,0.636). .
15: (0. ,0.684,0.673,0.668,0.663,0.659.,0.656.,0.655)..
. = 16: (0. .0.710,0.696,0.689,0.688,0.670,0.675.0.674)..
A—F =% 974 7 4 AOEE 17: (0. ,0.737,0.719,0.712.0.705,0.699,0.695.0.693) . .
18: (0. ,0.763,0.743,0.735,0.727,0.720,0.715,0.713). .
19: (0. ,o.792.o.770 0.760,0.750,0.743,0.736,0.733) ..
PR 20 (0. ,0.0 ,0.797,0.788,0.777.0.767.0.757,0.756)
a 21 /x ® g(&sar(m EH r0 570 */
= swia 22 VAR 21(8),22(7),2(7.8)
Q=atTd’ —T—P— (1) 23: TABLE z = r0( 22, z1) /% z1=D/k , z2=b"2 %/
! 24: z1 = (400, 800, 1200,1600, 2000, 2400, 2800, 3200)
W=rQ @ gg :2 : f(:'.l, 0.2, 0.3, 0.4, 0.5, 0.6, 0.64)
a=a, 1R @) 27+ (1.002,1.000,1.000,1.000,1.000,1.000,1.000,1.000)..
logsuRa \? 28: (1.003,1.002,1.001,1.000,1.000,1.000,1.000+1.000)..
(ro— 1)( 0810 ") +1 (Re<10% 29: (1.006,1.004,1.002,1.001,1.000,1.000,1.000,1.000)..
rra= ‘ @ 30: (1.009,1.006,1.004,1.002,1.001,1.000,1.000,1.000) ..
10° 31: (1.014,1.009,1.006,1.004,1.002,1.001,1.000,1.000) ..
fo (Rs210%) 32: (1.020,1.013,1.009,1.006,1.003.1.002.1.000,1.000) ..
33: (1.024,1.016,1.011,1.007,1.004,1.002,1.002,1.000)
34:
e=1—(0.3707+0. 31845 35: /% q * Wik R u3/h] *
P, \lsje.ms 36: /% N ERAR kg/h] %/
x(l_.(_’_) ) , ) 37: /%P1 it b I 7 ke/cu26] %/
P, 38t /% delP T aafi20] £/
39 /% gaml e keg/n3} ¥
R _LD[:_ ) 40: ¥ au kK epl x/
4= 41: /% kappa 3-¥:A -] &/
J 4§. ;: D iﬁﬂg& ) x/
43: * k DHbH X an] x/
p=2- (0.22< 8<0.8) () FARAG Eozre ) :
45: b Ry EER -] %/
48 + alph i i % B -1 +/
417 * eps WEWMERNK [-] */
481 /+ Rd VAIMA- B -] £/
49: /% u BN (u/s] %/
- {ERH 3 O AHBI LAY ERER 50¢
B-11 i 51 ea:d = 0.01252¢alphtepstd*2sSORT (delP/gan)
52: [ ] = Q * ganml
53: alph= alph0(b"4, Rd)*rk
[ ADEGE $ru ae ] gg rRd = (ro(b"2, D/k)- l)*(Lgf‘é:(ka/g) %Et; 1
:1 =30 56+ = r0(b*2, D/K) VHEN Rd >: 1E6
=4 57: eps = 1 - (0.3707 + 0.3184%b"4) ..
delI; = 1000 28 a1 ((P2~1 033)/(P1+1.033))* (1/kappa)) ..
gam =7.44 ¢
L] = 0.014 gg Rd = zjgasul/uu
kappa TL4 82: u = Q*1E6%4/3.1416/D"2/3600
D =19.4 63: delP= (Pt - P2)%10000
k =0.08 64: It REUN 2/
b ¥ 0.5 65: INPUT ¥V,Pl,delP,ganl,nu,kappa,D,k
82: OUTPUT d,b.;lgh.[:vg.kg 8 By
67: RESET b %0, .2, 0. eq
[ #EfR ) 88: /8 VY IERE &/
d= 6.780521 69: /s INPUT  ¥,P1,d.gaml,mu.kappa,D,k
b= 0.349975 70: OUTPUT delP,b,alph,eps,Rd
alph = 0.606919 71: RESET  delP #1000[100,10000] by eq
eps =  (.992955 72: %/
Rd =  39065.923152
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