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Abstract
Two Fortran programs for the use of the new modification of the equa-
tion of state of Redlich and Kwong are presented and their application is
described in detail. Program ES68Z computes compressibility factor for a
flexible temperature-pressure schedule. Program ES68M leads, in addition,
to fugacity coefficients, enthalpies and entropies. It can be used for

mixtures and furnishes individual fugacity coefficients.
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The improved equation of'state descfibed;in UCRL~19010 requires.
automatic computation. Two.eeparate programs heve been deveioped.

ES68Z is able to compﬁte_experiméntal_compresSibilify’factors ffom
PVT-data of any kind; in addition, it allqws for a verj flexigle T-P=-
scheduie. Butvit is festricted’to pqre'substahces (or mixtures of fixed
COmposition with presc;ibed parameters) dnd‘it eomﬁutes only compres-
sibility factors. | |

ES68M computes compressibility factors,.fﬁgacity coefficients,
computes parameter combinations and also_individual fugacity coefficients
for mixtures, and computes enthalpy and entropy. It is resfricted to

equidistant-preesure values on arbitrarily selected ;sothermals.'
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1. The Program ES68%Z

11l. General Scope

The program ES687 - Equstion of State 1968 - can be used for the
computation of thevdompressibility factor Z = PV/RT for pure substancés.
It is based on a modification of the equation of state by Redlich and
Kwong, containing a third individual parameter.

The program ES68Z is written in Fortran IV; Tt consists of the main
program ES68Z and the subroutine VIETA.

The main program ES68Z can be divided into four major parts: (1)
Inputvand Preparation, (2) Main Cycle, (3) Approximation Cycle, and (k)
Results. | ' oy

The data cards to be introduced are: (l) the’Title Card which states
the title of the problem. The integer KCL contfols intermediate gquan-
tities to be printed out. MCL is used to indicate the kind of experi-
mental data to be read in. The experimental data may be given as
compressibility factors Z; if PV, volume or density are_given, the program
converts the data to Z. WOM (molar weight of the sﬁbstaﬁéé) is;to be
punched on the Title Card when the observed data are expressed in mass or

volume units instead of molar units. (2) Experimental Data are given as

Z, or PV, volume or density} A blank card follows the last data card.

§3) the Substance Card gives the name of the substance, the critical
temperature (TC), pressure (PC) and compressibility factor (ZC). The
last quantity LAA controls the number of approximation cycles desired.

(4) the Temperature-Pressure Schedule Cards allow a variety of prescrip-

tions for different sets of temperatures and pressures. The T-schedule

provides for sets consisting of a starting temperature TL and an arbitrary
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number of higher temperatures TL + DT, TL + 2DT, TL + 3DT, ..... at equal

intervals. The P-schedule may follow one of the three schemes: (a) start-

-

ing pressure PL and any number of higher pressures PL + DP, PL + 2DP,

PL + 3DP, ..... at equal intervals, (b) starting pressure PL and any

<

nunber of pressures of the amounts 2PL, 5PL, 10PL, etc., (c) starting
pressure PL plus any number of additional pressures read in on cards
following the Schedule Card. Several sets of T-P schedules may be put

in provided the total number of points (product of NOT andiOP).does not |
exceed 500. Any positive:value for KS in the schedule card means thét
another schedule'cafd follows. The last schedule card carries KS = O.
Calculation for a newvsubstance can be prescribed simply.by adding a new
complete set starting with the Title Card and so on. A card containing
XCL = =1 will terminate the computation.

The data are to bé given in arbitrary but consistent absolute units
throughout, e.g., all temperatures in °K or °R, and pressures in atm,
psia, etc. Thevoutput is given in the same units.

The bfogram can also be used for compﬁtations starﬁing'from the
reduced wvariables Tr and Pr' In’this'caée; both TC and P; are set at 1
and Tr and Pr are introduced wherever T and P are‘prescribed.

The subroutine used in this program is VIETA-MODIFICATION L4 to solve
thé general cubic‘equation. This is a modified VerSiqn of a SHARE routine.

The solution gives any of the three cases: two equal roots (MTYPE=O), two

complex roots (MTYPE=1) and three real roots (MTYPE=-1). - r

12. Outline of the Program

The first part (addresses 10l to 199) takes care of the input
: ,
and assigns a point number ME to every experimental value ZE and the

corresponding values of Tr and Pr'as prescribed in the T-P schedule.
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In the Main Cycle (addresses 201 to 299) the computation of ZE is
carried out if ZE is given by data for density, volume or PV. The results
of the equation of Redlich and Kwong and several coefficients of the modi-
fied cubic equation are computed.

In the Approximation Cycle (addresses 301 to 399) the coefficients
A(2), A(3), A(4) of the modified cubic equation are computed. The sub-
routine VIETA furnishes the first results, which are fed-back. The final
result is mixed with the result of Redlich and Kwong if Tr > 1. 1In this
éase also the deviaﬁion function DC is computed and added.

The last part (addresses 40l to 499) takes care of the main output
and of the returﬁ to a new problem.

In the following the symbols used in the text and in the program are

codrdinated.
Symbols Symbols
in Program in Text
AC ‘ A
AKX _ _ Ak
BC B
BK Bk
D
VC/V
DC ' ZD
GG G
GL _ L
PA _ P
PRR ’ » =
- r
QZ  j ' 1o

TK : T



TRR

TT

e

WA

WG
Zr
7FK
ZG
GG

13. Input

Title Card

Column

2-37

38-39

Lo-41

-6~

Title of the problem.

KCL = Print intermediate quantities:

MCL: BExperimental data
If MCL = 0: no data;
MCL > 0O: data.

0 no print
-9 print
-1 termination

F



If MCL = 1, data are given as Z, but
if MCL > 1, data are given as PV,
or volume, or density.

ho-L3 NPC: Reserved for punch control (not included in
the program).

Lh-53(L4 gec.) WOM: molar weight (if required for the computation
of experimental Z).

54-63(4 dec.) 'ECL: not used in this program.
The following list shows the values of MCL and WOM to be used when the
set of experimental data is given as PV, or volume or density; WOM = O
when the data are given as Z.
Units | MCL HOM

for P for T for volume
or density

2 £

atm K amagat 2 0

atm » °K cm3/g 23

atm °K g/cm3 : 21

atm °K 1it/mole 23 0

atm °K moles/lit 21 0

mmHg °K 1it/mole 3 0

psia °R cu ft/1b 33 MW
psia °R - 1b/cu £t 31 MW
psia °R cu ft/1b-mole | 33 ' 0

psia °R | . lb-molefeu £t 31 ‘ 0

2. Experimental Data (only if MCL > 1)

Insert any number of cards up to h99.
Column

2-10(k dec.) ZE: Experimental value of Z or PV or volume or
density. No card with ZE = O is allowed.
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The last card is followed by a blank card.

3.

Substance Card

Column

2-24

25-36(6 dec.)
37-48(6 dec.)
49-60(6 dec.)
61-62

Name of the substance.

TC: criticai ﬁémperature in any absolu£e~units.
PC: critical pressure in any absolute units.
ZC: critical compressibility factor.

LAA: number of.approximation cycles;

if LAA = O, computer sets LAA = LO

if LAA > O computer sets number of approx1mat10n
cycles LA = LAA + 10.

' 7-P Schedule Cards

Column

5l

5-6
7-8

9-20(6 dec.)

21-32(6 deé.)

33-4L4(6 dec.)

k5.56(6 dec.)

KS: control

KS > O indicates that the schedule card is to be
followed by another one, while .

KS = O means that the schedule card is the last in
the set.

NOT: number of temperatures to be introduced.

~ NOP: number of pressures to be introduced.

TL: lowest temperature to be introduced, in the
same unit as TC.

DT: temperature increment in the same unit as TC.

PL: lowest pressure to be introduced, in the same
unit as PC.

DP = -l' pressure schedule 1is PL, 2PL, 5PL, 10 PL,
etc. for NOP pressures.

DP = O: schedule is given by PL and the follow1ng
NOP-1 additional pressure cards.

DP > 0O: pressure 1ncrement for NOP pressures in the

same unit as PL.

Additional Pressure Cards

NOP - 1 cards (only if DP = 0).
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6. A complete set of data cards starting with the Title Card may be put
in for a new problem. A new count of points (up to 499) starts. A
card containing KCL = -1 in col. 38-39 terminates the calculation.

14. Diagnostic Options

A diagnostic option KCL is provided at the end of the approxima—
tion cyecle. If XKCL = 9 several intermediate quantities will be printed
out. (Format 20).

The first three columns contain the number ME of the point and the
reduced values Tr and Pr' Then follows QZ, the mixing factor (012) for
supercritical temperatures. The value ZFK obtained by the equation of
Rédlich and Kwong is given, then the experimental value ZE. The following
column contains the value ZGG obtained by the solution of the third order
équation modified by the functions L and G. The value ZG is obtaiﬁed by
mixing ZFK and ZGG as prescribed by QZ. The next column contains the
final value ZF for the first phase obtained from ZG by addition of the
deviation function DC (following column). The last column contains the
numerator UP of DC.

15. Output

The first line of the output reproduces thé Title Card. It is
followed by the Substancé Card and the T~P Schedule Cards.

If the sgolution of the modified cubic equation is not obtained within\ﬂ
0.0004 (in Z) after LAA approximation cyclesz the computer prints (Format
17) the number ME of the point, the number JA of the approximation cycle;
the phase distribution MTYPE of VIETA (-1 two phases, O critical, 1 a
single phase), the factors of the cubic equation (input for VIETA); and

its roots (output.of VIETA).
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The main output is arranged in tables for each set of temperatures

and pressures. FEach table starts with the following heading:

ME
TK
PA
™
PR
ZFK
ZE
| ZF

DF

Number of the point for each problem.
Absolute temperature in °K or °R.
Absolute pressure in atm, psia, etc.
Reduced temperature.

Reduced pressure.

Z obtained according to Redlich and Kwong.
Z observed.

Z calculated.

Difference between ZE and ZF.

The printout for the first phase of any point may be followed by a

line for a second phase.

Z8K

ZE

VAS

DS

If the

Z for the second phase computed by the equation of Redlich
and Kwong. .

Z observed.
Z for the second phase computed by the presént modified equation.

Difference between ZE and ZS.

final results from the computations do not convérge within the

tolerance of 0.0004 or due to some other reasons, the computer prints some

number between 9.0 and 9.9',

The following is a list of the numbers which may appear in the main

output rather than the actual results-obtained frbm the calculation.

Number

9.0

Quantity : Reason
ZF, ZS TA cycles do not satisfy the

tolerance of 0.000kL.

(X

‘W§
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Number . Quantity Reason
9.1 ZF, 7S ZFK < O.
9.2 ZF, 7S 7ZC (as given in the input)
> 0.333.
9.3 . ZF, 78 < 0.721.
9.5 ZSK only one phase is obtained
: from the equation of Redlich
and Kwong.
9.9 VA The final calculation leads to

_ a single phase.

At the critical point (and very close to it) the subroutine VIETA is
insufficient. In this case inaccurate results are printed, not indicated
by a printout of 9.0 or higher.

16. Phases

Since the present modified equation of state is of third order,
it may furnish one or three real solutiohs for Z. If the egquation furnishes
three real solutions, the computer prints out the highest root of Z as the
value for the gaseous phase and the lowest root as that for the liquid phacse.

The present program doés not give an indiéation of which of the phases
is stable. This decision can be made only after the computation of the
fugacity coefficients (The calculated fugacity coefficient is highef for
the metastable phase).

17. Convergence

.The computation of Z from the modified cubic equation is carried
out by a step—Ey—step approximation with a damped feedback. The calcula-
tion stops .either aftef sufficiently converging to the result or after
completing a prescribed number of cycles LA without converging. The

number of approximation cycles set without special instruction is 50.
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More cycles can be pfescribed if desired; The computer prints out the
intermediate quantities for the iast 10 cycles. As mentioned iﬁ Section
4L, the computer does nOt‘print out.the results in the main output if
they do not converge except due to insufficient approximation of the VIETA
feature; the number 9.0 is printed out instead.

To start the cycle, the Z valué obtainedAfrom the original equation
of state by Redlich and Kwong is used for the first approxihation.

Oscillations of the results are suppressed by feeding back into the
computation the sum of the last result multiplied by QIN, and the last-
but-one result multiplied by (1-QIN). The damping factor (1-QIN) of the
feedback (influence.of the last—buﬁ-one result) is increased if the last
two changes of the result go into opposite directions, it is decreased if
the steps go into the same direction.

18. Program and Examples

In the following the complete program ES68Z as of 13 September,
1968 is reproduced.

Calculation examples are given for

Pitzer's Tables for acentfic factor 0.0
0.5

Benzene (Sage and lLacey, 1955)

1-Butene (Sage!and Lacey, 1955)

n-Nonane (Sage and Lacey, 1955)

Sulfur dioxide (Kang, 1961)

Hydrogen sulfide (Sage and Lacey, 1955)

Ammonia (Beattie and Lawrence, 1930)

Carbon dioxide (Sage and Lacey, 1955)
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Helium (Landolt and Boernstein)

Xenon (Beattie, 1951)

Hydrogen (Landolt and Boernstein; Bartlett, 1927)

Oxygen (Michels, 19_51;)

The critical constants Tc’ Pc and Zc for each substance are either
obtaihed from the quoted source of the data or from "Internmational Critical .
Tables (1926—1930) or "Selected Values of Properties of Hydrocarbons and
Related Compounds."

The arrangement of the output tables has been discussed in Section k45.
References A, B, or C have been added to some of the output lines at the
right hand side. They represent the following comments.

A. The result of this line refers to a metastable phase. Usually,
though not always, the stable phase is presented in the preceding line
(gas) or in the following line (liquid).

B. The calculated results for ZC in Pitzer's Tables are 0.288 and
0.313 although the values 0.291 and 0.251 have been prescribed in the
input. The subroutine VIETA cannot strictly handle the critical point.

The error appears to be magnified by insufficiency of the approximation
procedure.‘ Tt is advisable to replace any output by a proper commeﬁt if
both.Tr and Pr are between 0.995 and 1.005. This has been avoided in the
program so that the effect is demonstrated. |

| C. The input data result in Tr < 0.721, excluded according to

Section 25.
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T TTPROGRAN ES65ZINPUT 5 0UTRUT)
_CeSas  EQUATIOW OF STATE 196R8 -

3ZG6(200)
11 FOUMAT (31X1646931252F10,4)

13 SEPT 1968
DIHERSION  T1(63sSUB(4) 4AT4) oF (4)17E (5001 2P (5000 s TR{KG0) 1 PR(500)
__2ZFK(500)2Z5/(500) v ZF (500)925(500) 1ZG 15000 9X(3)9Y(3),ZA1S00),

12 FoREAT (/77)
x?‘FllkbihT (]A'Fgo‘#)

16 FOFMAT (1X9A5:32693F12¢6912)
15 FORMAT (2X131244F12.6)

1o FCRUAT (19X4F12.58)
)T FORMAY _(YA931397H _1ST _ 28F3,4)

1€ FCRYAT (1Xe1342F10.493(F9.3,F7, 3))
19 _FORVAT (:0XeZ(F943e4F7.3))

25 FOSMAT (1X11319F643,F12,4)
_2l FORMAT (72H - NO T P

TR PR 2k ZEX

TP T 2CaLC  OIFF//)

C

c - T1:PUT an) PREPARATION
TR FRINT 12
L PRINT_ 114 (T14i4) 9:42) 96) s kCLMCL PGy
IF (iU~ 10291039103
_le2 w7=0

l

READ ll-(TI(H)vh-lve)9«CLvNCLotPCyqu,FCL

&0_E_C_L___

GO T0 194
_1In3 Musl

145 REAU 13426 (E)
_YE _(7E(ME)) 12141064131

131 HE=ME+]
.. 6270105

166 MzsHE=)

MCL=2)16441079108

GQ 10 106

118 Re=0,016037
e JE _ghiti4) 13241324133

132 wMz14G
133 CONTIRUE__

Mylize]
IF _(aCL=21) 164210991C9

TT109 mvb=22-kcl i
_____ IF _(:0M=1,¢) 1109110511

116 Re=12.1871
GO 10 112

IV EeEnlgl21870
—112_IF (8CL=31)_1:44113,143

113 FH=n,)931E4
MU= 32-MLL

164 CONTENUE
CRFAN . 14,y (SUBLM) 4M2194) 4y TCIPCeZCyl A

PPINT lq. (SL'ﬂ(F ) 9[“‘},0) v1c"’C'ZC1LAA
FRINT 12

AR=7C#/C/C+25992106
Bp=n,25962156%2C

114 RI-AD IS.KS‘ ()T.i\UpOTL")TOPLQDP
PEIMT IR.KS-l\uTqNOP.TLgnTQPL'()P

Pl = =pL

e PE2. —
1IF (DF) 11551164117 i

R
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¢ R 4nD K

BrED, iBO6TUFRR/TRR

hkzn,azT7usPRK/(TRRETRROTRS)

115 P(dP) = P(JP-1)°2 0 e e e e e R
JE=JP+]
. IF (UP=NOP) 11b9118,119‘._.-__.~_______ e e e o e e = =
118 F(JIP)=P (UP=1)%#2.5
[ [N =L 3 W - [,
IF (JP~ NOPY 12001200119
2126 PUAUP)EP(UP=1) %240 R e
JPEJgPel
e JE _(IP=NGP). 115;1159119 e
- 121 READ lésP(JP)
e PRINT 16.P(uP)___ e
: NEENPESR! ’
2116 IF (JP=NOP)_1214121,119 e
117 P(JP)=P{JP=1) +DP
e NPEUP ) [ e
IF (JP~NOP) 11741174119 '
___JIS_ CONTINUE .
00 122 J1=1,4NOT
e BYSFLOAT (UT) =10 e
DO 123 Ja=1.+NOP
e MEERAE (U= 1) #HOP A JQ R e o e e
TRE) = (TL+HT*OTY/TC
e BPREAMEDI =P (JN) /PC .
123 CONTINUE
122 CONTINUE S
MASHX+NOTHNOP
e F(RS) 12691269125 - e -
125 k=Ke+1. .
G0 YO 124 - e e
124 IF (LAA) 146o1260127
126 LpA=znQ. O e
127 La=LAA+]y
I § I VAT T ¢ 2 12&91299129 I,
128 ML =MmZed
DO 13T MESMLMX. _ ..
136 Z8(%E) =040
125 _CONTINVE et e e -
Al 1 ) =1 0
e E1Y =14 . e
E(2)=-). 4]
——— __.-P.B I'E'T__ 1,2. O IO
[
C_____krIn CYCLE e
0o 291 ME=1¢MX
e JJRR=TR(ME) S e
TRS=S:uRT(TRR)
L TUETRR=Y .0 e _ _ ,
PRR=PK (ME)
I § i (A cUZv?03g?P4 e
203 27 (LE)=ZE(FE) 4273415/ (TRR®TC)
—_——_. G0 _T0 202 — I
204 IF (+WD) 206542639206
.26 ZEUME) =YL Oo/Z2E(MEY _ B N
205 Zr("F)’RH“ﬂO~“ZE(NE)§PHR°PC/(TRR“TC)
_... 202 COoNTIHNUE i
GIN:I Y] .
o JE {TRR=1¢02)_ 20992030210 e
210 WZ=) 4 C=EXP(=0.05/TY)
209 ConTINUE =~ e i
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__E(3)=AK=HK® (140 48K)
E(4) ==AK#BK
_CaALL. VIETA(EyYsnT)
ZFK(ME) =Y (1)
o LIFE AMTY 211921)9212
211 ZSK(HE)=Y(3)
.60 10 213
ra x4 25K (1IE) 29,45
o 2)3_CNINTINUE_
TAC=Aa®PRR/ (TRR® TRR# TRS)
e _BC=BO®PRR/TIRR - o . . v
DERZ (LeGade1#ThR)I# (1,000 1#TPR) €,
Wz0,1/01.0424068TU) . . e !
V=1,15%(1,842.20%TU) /DEN
L U=0,1039(1a043,59% 1)) /DEN ____ R
 was EXP(Z 352592 (1.0~ 3.ooZC)/w)-1 0 ;
2501)=Y1()) . . R i

_C__ -#PPROXIMeTION CYCLE

00 301 JA=1,LA -

el LFAZACIAY) 30243024303 e e e e e
302 (FINEI=9,]

_ZS(KE)=9,]

GO TO 293

303 D=PRR¥ZC/(TRR#24(JA)), L e o E

Sz (3.0=L%(3,0~0))
_BLLEY e O4UAYS
“IF (GLL) 3¢ 6»5949305
354 _ZF(ME)=9.2
ZS(ME)=9.2
GG TH_201
‘ALOGI“(bLL) . C : 3
I 45=140) _3C6e3074307. : e e !
3“6 Wiiz], a3/(T~k°TkS)'] 32
o GLEGLE(80s(1,0=nB)#S)
307 6LG=10+UsS259(S=1.0) #(S=149)
o JF (GLG)_ 3689 .:0ry309 - . e e S
BY8 ZFLHEY 9.3 i '
2s(E)=9,.3
60 ToO 2"1
__3i9 GG=veAL-JGlY(GLG) e
A(2)=GL=1,0
L B(3)=ACH(]45=G6) =BC® (1, n=CL+HC)
h(4)==AC4RCa (1, ~GG)
__Call _VIETA(tAy X #TYPE)
TIF (JA-LAA) 31243124313
313 FRINT ]7suLoJAngYPh9(A(I)9n 2294) 9 (X (N) sM= 143)
312 z6(1EV=4())
1F_ (AbS(lb(nE)-lA(JA))-0-0004) 314937259325
7325 IF (0a~17) 3154315432)
_32)_BISs (XN =Za (AN ¥ (ZA(JA)=2A(JA=])) s
IF (N1S) 3223224323
322 GIlizneg#qIN
G To 318
323 QIh=0IN/n,9 -
IF (DIN=14") 315y315,324 . :
324 _PIh=le0 . . e e
7315 za(Jael) = UI'*(b(VE)O(l.h'VIH)“ZA(JA) ’

e o e vt ey e s e '

__37) CONTINUE : _ S A
ZF (2E)=9,0 _
L lsteE) =9, R ' - R
Gn TO0 2M éi
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. 314_2606(HEY=Z6(NE) _
IF (TRE=1,02) 31293)10+311
311 _ZGME) ZZFR(ME) $UZR (266 (ME) =2FK (HE)). ' —
- 31¢ CONTINUE

o JF (MTYPE) _316931749317

317 z5(~E)=9,9
__GO_TO_318___
316 2S(MEY=X(3)
De=0.0_
318 IF (TrR=1.72) 31993204320
320 TY=TRReTRR4TRR
. Uiz (3e28]1=110160ZC) 2 (TTo2e68TUS ((4, 36-15 NBZCI#TRR=6,70+21.392C) ®
! 2SORTPRR))

be= UP*TU“P“R/(TT“TT#( 4#PRREPRR)
319 _ZF(IE)=2ZGAME) +DC
1F (KCL=9) 20193264201
326 FRINT 20 PisTRR-PRRyQZstK(hE),ZE(MF),ZGG(MF)yZG(HE),ZEQHE),DCoUP
2rl CUNTINUE

C .
[¢ RESULTS
PRINT_ 12

PRINT 21
__Do_an] mE=)MX

3 0

: TK=TR(HE)#TC
! . PREPRME)#PC _
- IF (2F (HEY =9, 0) 402.403 403
. . 4t2 DF=2E(ME)=ZF (ME)__

' ’ 403 PRINT Y™ t.TKcPAoTR(WE)oPF(?F),7FK(:F),ZE(ME).ZF(ME)yDF
' — _IF_ (ZSUHME)) _40)9a0)94606_
: 4C6 IF (Z5(ME)=9.0) 405,401,401
5 435 _DSEZEAME)=ZS (KE)
! PRINT 194ZSK(MHE) s ZE(ME), Zb(ME)vLS
| __ &0) CoNTINUE
| READ 11+ (TT(1) g9z ]96)9KCL7HCL9IPC0+O49ECL
__1F _(KCL) 99,1n1y10])
59 SYOP

END




C

S oE

LCYAODVI = ALFOV3##3

c MTYPE=S Tw0 ROOTS £QUAL
ST -4 B0 o I o O S SO SR
GaM = SGRTF (~ALFOV3)
e ___YF_(BET) 2222921 __. — il -
21 Y(l) = =24 %GAM =810v3
e Y(2)_ = _GaM = _BIOV3 e = S
Y(3) = Y(2)
e B0 TO S0 S et e e e
22 Yy = 2, CHGAN -blov3
_________ Y(2)_=_=Gait _=810V3 e
Yt3) = Y(2)
e BC_T0.50 — —- -
c ‘
G MIYPE=}1__ _TwO COMPLEX ROOYS_. e e e e e+ e
33 MIYPE = : )
. __EFS_ = SORTF(DEL)___ - e
TrU = =BETOV2
e _kKCU=TAUsEPS o o
SCU=TAL=EPS
......... SiR=1.¢ e e et e e+
SIS:l.O
_ JIF (RCU)Y 31432032 I _ - I
7731 SIRz~1.0
_o32 dF ) (sCU) 33634034 e e e
33 S1S==~1.0
e 34 F=SIR®(SIR#RCU) #%1,33333333 — R

B(2). = A(3) /A1)

__BETOVZ = BET/2.0
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SUEBROUTINE VIETA (Ay Ys MTYPE )
—C¥e__ SCLUTION OF THE GENERAL CUBIC EQUATION..

A(L)SYHBI46(2)HYURPIA(3)4Yen(4) 20
WITIHOUT CUREKTEy aSIHF, ACOSF, F
DIMENSION  Alady B(3)sy Y(3)

B(l) = A(2)/7A0)) .

OR_GENERAL USE_

Bl1UV3 = ¢(1)/3.0

Ala)/al))
ALF_ = B(2) = B(1)#BlOV3

BEYT = 240%810v3a443

ALF/3.¢

- B(2)%310V3 ¢ B(3) T

SaBOV2 = BETOV2ue«?
DEL_=_SiR0V2 ¢ CUAOV3

IF (GEL) 49,2030

S=STSH (STS#S(U) #40),33333333

Yy =R e s = BIOVI
Y(2) = -(x+§)/2,0 = BIOy3

e X(3) = 0,86A025403%(R=S) e
G¢ TO So

¢ . _— -

C MTIYPE=«]1 THREE REAL ROQTS

&t MYYPE. = =1 T
QUOT = 5\UUV2/CUAOV3

e ROOT = SORTE=QUOT) }

41

42

43

IFLHET) a2+41v41

Frl = _(1,5707863 _+ ATANFIROOT /. 8
60 T0 43

PHI = ATANF(SOKTF (1,0 = ROOTH#%2)
FacT 2 CRSURTF (=ALFOV3)

CY(1) = FACT#COSF{PHI) = B1OV3

Y(2) FaCTeCOSF(PHI + 2.0.943951)

wRTr(l O

A ROOT)_.

4

- P1OV3

- POOTe82))) 4 3,0

3.0

@
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Y13} = FACTSCOSF (PHI_+ 4.1887902) = glov3

c 3

—C___ Y1) HIGREST ROGTy Y(3) LUKEST_ROOT __
YAZAMAKLLY (1) Y (2} 5Y(3)) '

L YCSAINL (YA )2 Y (2) Y (3))

. YHESY (L) +Y(2)+Y(3)=YA=YC T T T e
= e _Ytl)=YA - N
Y(&)=YB T T
() =YC
S0 KETUEN - = - M
¥ 3 EnD
PITZEKS TaaLES KEDUCED -0 1=0 =q, -0
_ACENTRIC 0,0 -1e000000 " .1.000000.___ _ ,291000=0 _
; . - et et e e e
_1.5S.  .s00600_ 4100000 .200000 ___.40A000__
158 LE00000 2100000 2,000000 1.000000
X 55 1600000 #400000_ ___ 260000 _____e400000 . _ .
1 5.8 1.400000 J40000C 2.000600 . 1.0C0000
e A15  alGO0eD0 w0 e20UNC0__ . «40DCO0. . - ——
-0 1 8 4.000000 =0 2.000000 1000000
NO T P. TR PR ZK __ZEXP __ZCALC _ OIFF _
1 «BRO0 L2000 _sBOO0  ,200 «BS6  _RS5]  ,850  ,001.
] o34 .QSI «033 ° ,Bl§ A
___2___-_8500_______0 600“ _____ . b@n__ «60 0. . 1¢1 . .100. e ® ngé ) 00‘5_‘
3 B8RO0 1.0000 «600 1,000 - W166 164 »158 006
Y eBF0C_ _ _1,4000 _ _ «B00_ 1,400 ____ .226 «225 . #219 _ 006 _
5 800D 1,8600 B0 14800 289 .?87 e279 L C08
6 e9R00 _ 2000 _ 900 __ +200_ __ 490) . ..90&4 898  ,GO06
7 « 9000 © «6000 «960  «600 597 Q102 4612 =.51l0A
. — e o3Y) .02 __ . L108 _~.006 __
8 2 9r 0N 1,0000 «9CC 1,000 175 167 «160 .C07
> 9 _e9a00 144000 4900 14400 e235 _ ,229 . <220 _  +009__
lo «9400 1.5000 «500 1.800 294 .288 w278 «010
D31 Ye2R0C . #2000 1006 4200 . 929 ,932 «931 - L,00V
12 lecn0t  ~ LF000 1.000 600 « 756 2757 © 155 . 002
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_ 13 l.080p_ 1,0000 1,000 ).000 ___,298__ ,291 _ . .288 _ ,0036
14 1,0000 1,4000 1060 1,400 277 .250 237 013
15 _"1.0noo__,wl.eooq____1,000“_1.800,‘~”m.324mﬁ_ 04 4285 _ ,0l9
16 1. 1000 42000 YJ100 ,200 947 950 «951 =,001 "

)T 1.1A00 . ,6000 1,200 .600____.830___ 833 _____ .83 __.002
18 i.ln0C 1,5090 1.160 1.0Co « 691 691 «682 s 009

_19 l.le00  1,4000 1,130 1.400 «521 .512 498 LUl4
20 l.1n00 1,8000 1.160 :,800 o431 408 2411 ~,003

812800 «R2000____ 1.200 4200 _+960.__ . 963_____ 964 _=,001 _
22 1.2¢00 6000 1.200 600 875  ,R79 .878 .001
23 1,25006 . _1,0000 ___ 1.200_ 1,0006______JTBS _ 788 ___ 4783 __ 005
T24 l.2006 1,4000 1,200 1.400 2693 690 .683 007

25 1,2¢00 ), BO0O0___ 14200 _1e800___. __oH12__ :a598_ . ___ 4597 __ €0 _
26 <8000 2,0000 «800 2,000 320 .318 311 007

2T _W8A00. . 3.0000.____+BCO_ 3,000 ... 4466 _ 461 . _ 458,003
28 «800C 44,0600 «B00 4,000 . H08 . 605 «600 . 005

29 8200 ____5,0000_____ 4800 5,000 ___«T4b __ T46 ____ WJT40___,006
30 JERGO 6,0000 800 6,000 ., 881 .883 .876  ,007

31 _eB000 _ _ 7.0000__ . _.BCO_7,000____1.014 1,017 _ 1,009 _ ,008
32 JHp0D 88,0000 800 8,000 1,145 1,150 1,140 .010

33 w8000 9,0000_____.600_ 9,000, _ 1,274 1,280 __ .1,268 __ ,012
34 « 9006 2,0000 «9G0 2,000 .322 .316 '.309 .007

35,9200 3,0000 4990 3,000 __,460__ .458. ___ 451 _ ,007
36 9000 4,6000 906G 4,000 «591 .591 588  ,003

3T _e9nbe_ 5,6000_ 0 .900 5,000 __ L 718 __ 718 _ _ ,723 ~,005 .
38 .9n00 6,3000 2900 6,000 .B41 842 854 =,(12

39 o000 T,0000_ 4900 _ 7,000 _. . ,%A2.  _,966 _ . ,983 -,017_
40 .9r00 8,0000 «30¢0 8,000 1,060 1,089 1,110 =-,021

LAY e8A00__ 9.0000 .900 .9.000 1,197 31,210 1,234 _-,024__
42 1.0000 2,0000 1,000 2,000 .349 329 .313 .016

43 ._leEOQA__HQLQQOﬂ,N__lmQOQ_,Q.OQOHM_"M-§72__M.458“____.442_“,.916m
a4 1.0n02 G000 1.600 64,000 592 .582 W 570 .012

45  l.0n00 5 nooo Y000 5,000 LT0T_ 702 . 696,006 _
46 1,0060 76,6000 1,060 6,000 820 .819 L8199 -,000
__ 4T 1.0h00  7,0000 __ 1.06C0__7,000 .9301m_,932 C.941 =,009
48 Y, 0000 56,0000 1,000 B,000 1,037 1,048 1,061 -,013
49 1,000 9.0000 _  1.600 9,000 _ 1,144 1,166 _ 1,179 =-,013 _
Y 1,100 2.0000 1.160 2,000 «431 L402 «409 ~,007
5 J1.1A00  3.0000 1,100 3,000 . L5106 484 486 =, 002
82T T N 1A0e 4,0000 11680 4,000 .61N ,589 589  ~,600

_ 53___»1,1rpo’“vﬂ§_opopw_“_l.loo‘“s.ooow____.713,_m,699mum_».696"m_.co3m,
54 1.1h00 6,0000 1,100 6,000 .84 LR10 802 .008

55 _141p05 7,0000  1.1G0 7,000,913 916 . e%07 _ .009 _
56 l.laon B, 0000 1.100 8,000 1.011 1.n19 1,010 .009

57 lJle00_ - 9.0000__ _leleC_9.00n0 _ 1,168 1,129 1,112 617
58 1,200 2,00000 1,200 2,000 584 .568 W370 ~,002
59 1l.2h00 _ 3,0000 _ _ 14200 3,000 _ 4576 _ ,554 _ ,561 =,C07
60 Y.2h06  4,0000 1,200 4.000 647 618 630 ~,012

_.61_ l,2ane. 55,0000 1,200 5,000 . 732  ,T14 L4717 =,003
62 1,2~Q0 66,0000 1.260 6,000 821 .810 e T .003
_ €63 ____l.27cc___ 7.0000___ 1,200 7,000 ___ W9YN 997 .B99 _ _,008

YA 1,200 &,0000 1,260 8,000 «998 1,000 »990 .010

_65  l.2a00  9.,0000 1,200 9,000 __ 1.086 1,100 _ 1,n8) 019
66 1,4n00 . L2000 1,400 . 200 976 .977 .980 -,003

.67 1,600 G BOGO 1,400 L,A00  .927 ,929 .93} ~,002
68 1.4200 TY.00007 T 1.sc00 1,000 JURD L8R3 .BB2 ,001

Maﬁ?_-__ﬂ_é"ﬁf,__“l,‘OOQ _des00  l.400  LB36  ,R38_ JE35 (03
10 1,4700 1,8000 1,400 1,800 W797 7,795 W 793 ,002.

71 1LRz0n L2000 1,860,200 ,990 .991  .994 =, 003
12 1,Rn006 L6000 1,800 .600 Y72 974 2977 =,003

73 148400 1,0000  1.800 1,000 2955 958 960 -, 002
74 1.8A00 1,4000 180G 14400 941 944 «945 =,001

= ¢
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TS 1e8p06 148000 . YJECO 14800 .. 6928 . ,93)1 . 933 ~,0(p
Te  2.2400 2000 2,200  L200 +9G66 997 1,000 =.003
T T 242000 6000 | . 2200 . 460D _..._e989 ..  ,990.. ... +99¢4 EERUITA
78 2.2400 1.0000 24200 1,000 983 2984 0989 ~,00%
IS 2.2006_  1.4000___ 2.2060. 1,400 . 4979, 98D . 985 =,00%
&9 242000 143000 20,200 1.800 976 977 982 =.00%
_____B] _____2-6;'\0‘0 _'__________02000_"“,2'60_0 ___,_;_.200_”,______.99,‘4,__,1.000,____Al.OOP. =002
a2 2.6600 «H000 2,600 W 600 «997 1.000 1,002 =.602
B3 __ 26000 140000_.. 2,600 14000 _._ 996 _1,000__ 1,002 =.002
84 26000 14000 24600 1'400 ¢994 ].QOO 1.002 =007
. B5 _ 2.6A00 148000 2.600 _1+800. 997 _ 1,002 1006 <=.002
86 “3.0000 +2000 3,000 +200 1.000 1,001 1.003 =,002
BT 340800 ___«6000___ 3,000 _ 4600 __1.001 __1.003 14005 =.002
BR 3.0000 1.£000 3.000 1,000 1.003 1,005 1,008 =,003
B9 3e0f00 _ 1a4000 . 3.0G6 1.400 . 1005 1,008 1.010 =002
90 3.0600 14000 - 3000 1Y.800 1.008 1.012 1014 =002

_ 091 1e64a00 . 2.0000  1e400_ 24000 oTRY __ LTTT _ o776 __«CO)
92 1.4’.‘00 3.“00\) 14400 3-000 « 737 .720 « 731 "'001\
93 1.4000_ . 440000 164060 _ 6,000 _ o753 _ 734 «T45 =,01}
94 li4pn00 5.0G00 14400 S,000 800 .781 «791 =,010
_9% . 1e4n00.  6.0000__ 14400 6,000 4861 __ ,844_ . «B51 ~.007
96  l.4700 7.0000 1.400 7.000 « 928 .921 «918 003
97 __)e406. 840000 . 164060 Be000_ 997 _ ,994 _ ___ 4988 . (04
YR 1e4A00 9.0000 1¢4C0 94000 1.068 1,071 1,060 . 011
.99 . 1eBn00____ 2.0000____ _1eBGO 2,000 923 . ,926 __ _ 927 =,.001
100 1.8/00 3.0000 14560 34000 909 .998 e912 =~ 004
LYCY . 1eRA00_ . 440000 _ . 1eRQ0 . 44000.__.. «911 . .908 _ .. w915 ~.C07
102 18000 5.0000C 14860 5.000 929 .925 «934  =.(09
JI03  1eBr00 L 640000, __ 1eA00 64000 . ._ 4958 2955 . 4963 =.,008
104 le800f 7.0000 1800 7.000 2995  ,993 1000 =007
J1us  Ye8a00.  E.0000. . 1e800 Be000. 1,037 1.039 . 1042 ~,00R
Y07 L 2427800 240000 ... 2420G0 24000 ... #9975 . L,975 .. ,98) =~,006
10R 242000 3.,0000 2.200 30000 0974 ,974 982 = 005
)09 2.2700___ 4640000 - 2200 64000 _+9R2 981 __ «991  =~.i0lp
11¢ 2.2700 5.9000 24206 S.000 T e997  ,997 . 1.007 =.GlO
CLMNY 242506 640000 24200 _6e000 _ . 1e017 1,020 . . 1.030 ~.Clo
112 2.2500 T.00060 24200 74000 1.043 1,n48 1.058 =oGlo
_113 242000 B.0000 . 2.200 B.000._...14073 1,080 . 1.088 =,008
114 242400 9.,0000 24200 9,000, 1.1658 3,318 1.122 =.004
LIS 246000 0 240000 __ 2650 24000 _____e99R_ 1,003 1,005 =~.00%
137246000 0 4,0000__ _ 2.600_ 4,000 _ 1,015 1,023 1,085 =.002
118 2.6000 5.0000 2.600 5,000 1,029 1,040 1,04 =.00)
Y19 2,6500 . 6,0000._ 2,6C0 64000 _ 1,067 1,059 . 1,062 =,003

120 2,6000 T7.0000 2.6006 7,000 ° 1,068 1,nr83 1,085 =002
_12) . 2,6000  8,0000_  2.6C0 B,000 . 1,092 1,109 . 1,}J11 =-,00Z

122 2.6400 2.0000 2.600 9,000 l1.118 1,139 1,139 ,00¢
_les 3.,0/00___ 2,0000___ 3,000 2,000 _ . 1,006_ 1,014 1,016  ~,0G%
124 3.0000 3,0000 3,060 3,000 1.619 1,028 1,026 SUUE
_125  _ 3.070C _ - 4,0000__ 3,000 4,000 . _ 1,03)1_ 1,641 _ 1,060 _ 00
126 3.0800 5,0000 3,000 5,009 1.045 1,058 1,057 L 00"
27 3.0A00, _ __€,0000____ 3,000 6,000 1,062 1,077 1,076 007
128 3.0n00 7.0000 3,060 7.000 F.os0 1,100 1,097  ,002
2129 33,0400 H,0000 3,006, B,000. . _ 1,101 1,324 . 1,119 LO0T
130 3.Cn00 9.0000 3,000 9,000 1,123 1,150 1.164 LOGH
JY3Y 4,000 . L2000 4,000,200 . .1,002 1,003 1,004 -GN
132 4,0000 fF000 - 6,000 L600 1,005 1,608 1,008 -, 003
133 4,080 31,0000 4,000 _ 1,000 1,009 1,013 1,013 M
134 4,00060 1,4060 4,00C 1,400 1.013. 1,07 1,017 -,000
135 4,0An0 1.8000  s,000 1,800 1.017 1,022 1,022 Nqa

134 4,000 2,0000 4,600 2,000 1,619 ), r2¢ 1.0246 =, 00C



22 -

1.031  ).038

137 440000 _ 3,0000___ _4.000_ 3,000 1.037_  L00
138 4e0000 4,0000 4eC00 44000 1,043 1,053 1,051 «002
Y39 4a0R0G. 540000 4¢000._ 5,000 _ __ 14057 1,068 __ 1,066 W 002
140 4eGnNQ 6.0000 44000 64000 1.071 ) ,.n86 1.082 004
1Al . 4e0p00. . T40000__ _ 44G0C._ 74000 1087 1,1064____ 1,099 + 005
142 440700 8,0000 4,000 8,000 1.103 1,124 1.117 GOT
143 4e0000. 940000 40000_9,000.___ _Yel19 1,143 _ 1,135 ,C08
_PITZERS TapLES REODUCED =0 1=0 _=Qe_____ =08 . -
ACENTRIC 0,5 1.000000 1.000000 «251000-0
cre ot o amr s et dvn a1 e e v b e <t e e iy
155 500000 100060 « 200000 «400000
1.5 8 .B000C0.__ 100000 __ _2.00000C____l.0C0000 . -
155 1,400000 2400000 +200000 400000
_ Y 5.8 1.400000 ____ 400000 2.000000____.000000_ _ . . __
115 44000000  =n. +200000 24006000
0 B 4000060 m0e_ . 2e000000 .. 14000000 o
NO T P 1R PR ZK 7EXP 2CALC  DIFF
1 #8060 +2000 JHGO L200 . 856 LRO3 «B09 =~,006
e e N w034 \803_ 034 L7694
"2 «8000 000 «800 »600 2101 .N78 2082 =004
3 _eBA00. 10000 eROD. 16000 __ W1A6 . L1329 . _ #135 ~.,006
4 «8500 11,4000 800 1.400 228 175 «188 ~,(13
S 8000 YB000__ e BO0 1.B00. __ W289 _ _,227 4239 ~,012
6 «9n00n «2000 «qCQ 200 901} LR83 BT 012
T e9000 L6000 «900 4600 ___ 59T _ (075 . 4606 _=,531r
a 9000’ l.0000 «900 1,000 178 . 124 «137 -,013
) 29000 1,4000_ . +900 _1o400 . o235 _ 174 .. <188 -,Cl6.
1o «9n00 1.#000 900 1,800 0296 .223 239 =,016
J1Y o decAne L 42000 1.C00 200 4929 ,926 __ _ 921 __.005
12 le0000 «6000 1.000  ,600 $ 756 747 2745 L002
A3 Ye0n00_ _ 1,0000  1.000 1,000 .298:  ,251 4313 -,0625
14 1.6n00 1,4000 1.G60  1.400 $277T 206 +203  ,003
A5 le0ann _ 1en000__ 1.006_ _1.800 6324 - 246 o244 002
le lelrco 22000 1.100 ..200 947 L, 951 957 ~.006
AT beleno o .6000 (12100 2600 - «B36___ LR41 __ B38B  .003
18 lelergn l1.0000 1100 1.000 -0 69) .719 + 683 036
LoY9 Yalann o 1.4000 0 10100 16400 #8521 JB6T < 4BO (87
20 1alft00 1.4C00 1.10¢ 1.800 .43, 426 «393 « (33
.8y le2i00. ___ . 2000 __ 16200 . o200  +9FF . ,968 974 =,C06
22 l.2c00 «6000 1200 600 #R75 P93 +892 001
@3 _le2n0n0____1.0000_ __ 1.200_1.000___  «TRS__,R23 = 4795 _ ,CZ2HK .
24 1.2r00 1.4000 1.200 1.400 693 .755 687 068
L85 __1e200C___ _Y.ROGUO . 1e20C0__1.B0N_ _ oh)2 | JAB3 4594 (K9
26 «8aC0 2.0000 HOO 2,000 320 253 279 =.(26
27 eHBA0G..__3.0000___ " _«BGO. 34000 . e46h_ 3T)_ 6405 =.(36
28 e8ANC 4,n090 860 4,000 «A08 L4990 527 =,(37
29 _eBrin _ 5.0000_ . «BGO _5.000_ T4k  ,A16 _ oha7  =.031.
30 e Hr00 6.0000 +BOG 64000 +8R) .738 763 =,025
L3 eBA0D  T.0000_  «BOG  T.000 0 _1e014 JAST WBIT =.GE20
32 BA00 Re0000 JE00 B,000 1.145 .975 #9900 =,015

@

=



L33 WBLO0.__ 90000, oKGO . 9.000 ... 14274 ..1,105 .. 1,100
34 290800 2,0000 900 2.00n .322 246 278
_._35._,____.9000__,,_3.0000,__,__.,, +900 _,3.000-_,.._.,0460.4.“ W 368 ... 4400
36 9000 4,0000 .920 4,000 #5061 4B «518
37 L9700 5.0000._ .. .900 _5.000 ... 718 ,598 ___ . ,634
38 91000 6.0000 +G¢0 6,000 W B41 707 o747
39 W%000.__ 7.0000 0800 .. 74000..—.... »962 . .. ,B16 __. . A58
40 e 9100 &,0000 956 8,000 1,080  ,929 967
e 4) . J9FC0. . 9.0000. . ¢9C0..9.000.._... 14197 _3,035.....1,074
42 1.0000 2.0000 1.000 2,000 349 267 281
43 1.0200 . 3,000C_.. 1.60CG 3.000.......472... ,383.____ . .392.
44 1,0700 4,9000 1.000 4,000 o592 ,497 +503
——65....1.0000__ 5,0000___1.000..5,000_ . 2707 ,602. _ 611
46 1,0r09 6.0000 1,000 6,000 . o820 704 «718
e AT )a0B0C ___TL0000.___ 1000 | Te000_. .. +930 . JB02__._.. R23
48 1,0000 A.0000 l1.000 AR,000 1,027  ,R98 0926
69 30000 9,0000. ___1.000_.9,000____ 1,144 1,001 ___ 1,027
50 1,1000 2.0000 1.100 2,000 «431 402 «3390
e 51 1e1A00._ 3,0000 . 1.300 3,000 _ . .510 . 449 __._ ,456
52 1.1000 4,0000 1.1¢0 4,000 610,539 «551
B3 Y IA00 L 5,0000 1,366, 5,000 .. «713 . 634 . __ 649
54 1,16C0 6.0006 1.1060 £,060 L8146 ,73¢ 748
55 1,3800- _ T7,0000 ___ 1.100__7,000___ 4913 __ ,R1)1____ P46 .
56 l.1h00 §,0000 1.1¢0  R.000 1.011 094 942
_____ 57 1,800 ___9,0000 ___1,10C 9,000 1l,1fcR  ,939 1,038
58 1.,2A00 2.0000 1.20¢ 2.000 584 .653 «565
59 1,28C0. .. 3,0000.___ . 1,200 34000 +576_ . 589._. . 549
65 1,2r00 4,0000 1.200 4,000 o647 .618 «609
.61 __ _l,2ac0__ 5,00060__ 14200 5000 o732 _ 4694 __. o687 _.
62 l.24¢C0 6,0000 1.200 6,000 o821 .770 w772
.63 1,2000 . 7.0000____1.200 74000 4910 ..  B4T .. ,R58
64 l.2000 €,0000 1.2¢0 8,000 .99 ,920 +945
e 65 142R00....9.0000 .. 1,200 9,000 .. l.086 1,005 .. 1,031
66 1.,4600 £200C0 1,400 200 976 985 .992
_67___ 1,4000_ _ W H000 Y e800. o600__. . o927 ....,954_ . .952_
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CIETEE T

e =0

ZcaLc

2.300

9.300
«H79
D41
-117
0128

19,300

9,300

9,300 .

9.300

0193

+378
902

1,709

206
«395

0919
1,713

,G13
. 028
.078
7
-, 003
=~ 0CR
-,(29
=, (3

027890000

X35 559,680000.120,000000_ 200,006000 .. 2064000000 ... ...
Sm0 39 559.680000 120.0006000 2000.00C600 1600.0GHN00
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6. 6796200 _200.0000 WBOB___ 34 __WB18 __LR12.. . . +F1)1. L(C]
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19 559.6n00 500v0,0000__ 740 A,503_ l.267_ 1,210 _ . 1.125 L (RS
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21..559,A000.7000,0000_ . +74C 11,905..__1.728 .1,657... 1.529.._ ,1en
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41 TYY.EAC0 4000,0000 WT4T 12,048 1,735 1,496 1606 . 090
___‘QZA“ZQQ'(*:O(:_SCOO' QV()'G_O'________.>7n_4_7___1 5.0 06’)_._,___20 129 ] . 847__,_ ___! . 7 ] 8_____,' ) 29 .
43 739,6R)00 6600,C000 .747 1B, 072 2.514 2,188 2.021 167
44 __T97,69006 _10G0,0000 __ 747 21,084 2,899 2,520 __ 2,317 . 204
45 199,6F00 8G00,0000 TWTeT 24,096 3,277 2862 2.606 . 256
_96__.79("'6‘30(} _9(;00'n-‘)go.,..,_“_,...-071*7,..2,7|108A____‘..3-652. 3,188 2.891 . 0297
47  799.625010000,0000 SeTe7 30,120 4,025 1,819 3172 o347
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.52 Y19,600C 6000,0000. ___ ,859 18,072 .. 2,275 . 2,018 . . 2,018 . .G01
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111 29R,1ECCCC -0, 134.7757C0 . . ~0.. .. _ S
171 1 323,13502CC =3. 26.812326 -7,

Y 101 3233,18604CC. . ~Q.. L GBW2BETIC =0 ~
11 1 323,15X00 -9, " 31.262395  -0..

-11 1 223.15CCCC . =2, 9094401200 . =0 o e e
-C"1 1 3223,15C3(C - -0. "122.320800 -0, '

. NC. T e P TR PR IK__. . LEX0__ _ ICALC.. DIFF__
.1 273.1530 . 22,6290 1. TTC . 4451 . . .977 . .$39 . 981 ~.CO1
T2 272,18C0  &f.0144 1.773 .83¢ G617 . 955 . 964 . 990

2 273.1503 £L.4646 1772 14337 . 938 044 942,003
4 273.1%0: EC.7335 1,773 1.623. .928 .93% .931 004
€ 273,100, . SE.&174_ __ 1.77¢.:1.93C 918, .€25 L. e920: . LOCS
€ 27,1300 116,4667 1.773 2.403 «908 . 015 «910 .05
T 283,1500  24.6194 1,932 4495 _ . .982 . .986._ _ «$87 ~-.001,
€ 293,150 44,1471 1.632 .388 9792 . 975 .975 .000
.S 2 15206 72,8733 . 1.532 1.486. L «953  ,951 559 | .202 .
12 288,150 ©C.T4%2¢ 1.232 1,811 . 949 . 556 e 552 .C03
11~ 2€8,1%7¢C 11.,2587 1.932 2,226 «942 .930 +946 )04
12 298.1500 13a,7767 1.232  2.711 «5383 . 946 . 941 .05
12 323,1800 0 2203122 . 2.294. 4539 _+987 4990 _ . .591 _=-,001_
14 223,172 L£,2557 2,334 °71 .979 .983 .983 .00
16, 32301500 61.2623. . 2.354 _1.635_ . 4969, .S76 ____.ST3 _ _.003
1¢ 323.1587 S$$.4012 2.3594. 2,020 . 945 . 973 . 969 DI04
17 2:22.1% 122.3228 2.236  2.451 .552 L9772 957 L0205
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2. The Program ES68M

21.. General Scope

The Program ES68M can be used for the calculation of thelcompressibility
factor, the enthalpy, the entropy and the fugacity coefficient for a pure |
substance, as well as the same mean gquantities and the individual fugacity
coefficients for a mixture (up to 10 components). Enthalpy and entropy
can be computed.

The Program is written in Fortram IV. It consists of the main program
ES68M and the subroutine VIETA.

The data cards to be introduced are:

(1) the Title Card which states the title of the problem.
The integer KCL controls intermediate quantities to be printed out;
KE controls the output options.

(2) the Substance Card gives the name of the substance, the critical

temperature TM critical pressure PM and critical compressibility
factor ZM. For a mixture of.NC components (where NC < lO), each sub-
étance card gives the name of one component, the critical tempefature
TC(J), pressure PC(J) and compreésibility'factor z7c(J).

(3) the Interaction Coefficients for mixtures are optional for the calcula-

tion. The symmetric matrix WW is presented to the computer as the
component s (ijm—l) with j = 2,3, ««o NCand m = 2,3 ... j-1. One
card is used for each value of j . If no interaction‘coefficients are
introduced, (NC-1) blank cards must be inserted.

(4) the composition card gives the mole fraction of each component in the

mixtures. Omit this'card_for a pure substance. A positive wvalue for
KY means that another composition card will follow. XY = O means the

last composition card of the problem.
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(5) the Temperaﬁﬁre—Pressure Schedule Cards allow a wvariety of prescrip-
tions.for different sets of températureé and pressﬁres. The T-
schedulé provides for sets consisting of a starﬁing témperature TL and
an arbitrary number (NOT-l) higherktemperature.TL + ﬁT, TL + 2D7T,

TL + 3D7, .......at equal intervals.  The P-schedule also provides

for séfs'consiéting of a Starting pressure DP.and ény number (NPO-1)

of higher pressures 2DP; 3DP, 4DP ..... at equal intervals. Several

sets of T-P schedules may be'put in provided the total number of

points (sum of the products NOP.NOT-NC) does not exceed 99. Any

positiye value for KS in the schedule card»means that énother schedule

card foilows. The last schedule card carries KS = O.

After the temperature~pressure schedule cards a new compdsition‘card
can be inserted for the same components. New temperature—pressure cards
must follow.

Calculation for a new substance (pure or mixed) can bé prescribed

simply by adding a new complete set starting with the Title card and so on.

A card‘containing KCL = -1 will términate the computation.

The data are to be given in arbitrary but consistent absolute units
throughout, e.g., all temperatures in °K, and pressures in atm, etc. The
output is dimensionless.

.qu théfvarious schedules, the'following outputs are available:

(1). only the pseudo-critical quantities ™, PM and ZM;

(2) in'éddition, the compressibility factor Z;

(3) only Tm,PM, ZM and Z and‘the mean fugacity coefficient %;

() in‘additioﬁ, the mean heat content function 4/RT and the mean

entropy expressed as S/R;
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(5) 1in addition to (3), the individual fugacity coefficients 5251,

(6) all options combined.

These options are controlled by the control quantity KE.

The calculation of fugacities requireé an integration with respect to
the pressure; individﬁal fugacity coefficients require differentiations
with respect to the composition; the calculation of the terms H/RT and S/R
requires a differentiation with respect to the temperature. The tempera-
ture interval ET and the composition interval EY should be chosen such that
the difference of the function values for Tr + ET or ¥S + EY furnishes
about four significant figures. Any input for ET and EY overrides the
standard choices EY = 0.0003 and ET = 0.000L.

The number NS of pressure subdivisions for the integrations is to be
chosen differently for various purposes. In general, a pressure interval
DP/NS = 0.1 in reduced units will be satisfactory for fugacity cqefficients.
For supercritical temperatures larger intervals will be sufficient.

Smaller intervals may be desirable for the computation of H and S. The
choice will depend, of course, on the desired precision. The program
allows values of NS up to 50. Restriction of NS is desirable for economy

in computer time.
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22. TInput

1. Title Card

column
2-37 . Title of the problem.
38-39 KCL = Print intermediate guantities:
| 0 no print
9 print
-1 termination
4o-41 NC: number of components in mixture
NC =1 for pure substances
NC < 10 for mixtures
42-43 NPC: Reserved for punch control
hh-ks5 NS: number of subdivisions of DP desired in
the integration
Lol ' LAA: maximum number of approximétion cycles;
LAA = O: c0mputer sets LA = 30;
LAA > O: computer sets number of
approximation cycle LA = LAA + 10.
48-Lg KE: controls the output options

0 same-as KE = 3

1 only the pseudo-critical values ™, PM, ZM
are computed

2 compressibility facﬁor Z

(in additiord) mean fugacity coefficient

(in addition) individual fugacity coefficients

(in addition to 3) H/RT, S/R

[©) NN, R w

all options combined



50-59 (6 dec.) EY:

.60;69 (6 gec.) ET:

g

alteration in the composition of mixtures’
If BY = 0, computer automatically sets
EY = 0.0003. ' t

temperature interval

~If ET = O, computer sets ET = 0.0001.

Substance Card(s)

For a pure substance:

Column

o2l name
25-36 (6 dec.) ™ :
37-48 (6 dec. ) PM:
49-60 (6 dec.) | ZM:

of the substance.
critical temperature in any absolute unit.
critical pressure in any absolute unit.

critical compressibility factor.

For a mixture (NC cards, one for each component. NC < 10)

Column
2-24 Name of the component in fhe mixture.
25-36 (6 déc.) TC (J): critical temperature in any absolute
unit
37-48 (6 gdec.) PC (J): critical pressure in any absolute
| unit
49—60 (6 dec.) 7C (J): critical éompressibility factor

Card

Interaction Coefficient

Column -

2-8 (L aec.) WW (J,M) J=2, 3 «....NC
9-15 (4 dec.)_ WWo(J,M) M=1, 2, .....J-1

16-22 (b4 dec.) wW (J,M)
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23-29 (4 dec.) WW (J,M)
30-36 (4 dec.) ww (J,M)
37-43 (4 Gec.) WW (J,M)
Lh-50 (4 dec.) WW (J,M)
51-57 (4 dec.) W (J,M)
58-6L (4 dec.) WW (J,M)

Composition Card

Column

2-3 XY: control

KY > 0 indicates that the composition card is -

to be followed (after the T-P-schedule card)
by another composition card for the same
components. |
KY = O means that the composition card is the
last in.the set.

4-9 (4 dec.) - YS(M): M =1, 2, ....NC

10-15 (b aec.)

16-2; (4 dec.)

22-27 (4 dec.)

28-33 (4 dec.)

34-39 (4 dec.)

- bo-bs (b dec.)

o 46-51 (4 dec.)

(4 dec.)

58-63 (4 dec.)
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T-P Schedule Cards (to be inserted after each composition card)

Column
2-3. KS: control
KS > 0 indicates that the schedule card is
to be followed by another one.
XS = O means that the schedule card is the
lést in the set.
L-5 NOT: number of temperatures to be introduced
6-7 NOP: number of pressures to be introduced.
8-19 (6 gec.) TL: lowest temperature to be introduced, in
the same unit as TC. h
20-31 (6 gec.) DT: temperature increment in.the same unit as
| TC.

32-43 (6 dec.) DP: lowest pressure to be introduced. If NOP
> 1, DP also indicates the pressure increment

in the same unit as PC.’

" A complete set of data cards starting with the Title Card may be

put in for a new problem. A new count of points (up to 99) starts.

A card containing KCL = -1 in col. 38-39 terminates the caléulation.
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Control Integers

KE
"The integer KE controls the output of the program. It may be

some number between 0 and 6.

Number ) Output
0 The computer automatically sets KE = 3. Only the
AN

fugacity coefficient, T, PM, ZM and Z are
calculated.

1 The computer calculates only the pseudo-critical
temperature TM, pressure PM and compressibility
factor ZM of the mixture.

2 The computer calculafes ™, PM, ZM and the compres-
sibility factor Z.

3 Saﬁe as KE é.O

b The computer caléulates the above quantities, namely:
™, PM, ZM, Z, 2 plus the individual fugacity
coefficients ¢i.

5 The computer calculates TM, PM, ZM, ZF, 2 plus
H/RT, S/R. This is applicable for pure substances.

6 ' The computer calculates all thg quantities mentioned:

™, PM, ZM, ZF, ¥, #_, H and S.
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The integer KH is generated in the program for the computation

of heat content and entropy.

Number

0

X

Output

' No calculation of H and S is desired. For KE < b,

KH is set to O.
Caiculation of Hand S is desired. For KE = 5 or

6, KH is set to 1.

The integer KF is provided for the beginning and end of the

alteration in the composition. (Repeat control for ¢i;)

X =1:

Kr 0 :

KCL

first alteration

last alteration

A diagnostic option KCL.is provided at the end of the approxima-

tion cycle. If KCL = 9 several intermediate quantities will be

printed out.

Format

19

Quantities

ME: number of the point

TRR: reduced temp.

PRR: reduced pressure

QZ: mixing factor for Tr> 1.02

ZK: Z obtained by the equation of Redlich and Kwong.
ZGG(ME): Z obtained by the modified egq.

ZG(ME): Z obtained by mixing ZK and ZGG(ME).
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Format Quantities
ZF(ME): final Z obtained from ZG by addition of
derivation function DC.
DC: deviation function for Tr > 1.02
UP: numerator of DC

k2 ME |
TRR
XC This and the following quantities are intermediates
XC 1in the computation of log ¥ |
EX.
FGG
FG
SE(MS)
FN(ME) log P
FM(ME) log #

L2 ME

PRR
EA Intermediates
EB
EC
"ED
EW
FD
SD(MS)

DC
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ok, Output .

Format

11

13

16

17

15

18

T
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Quantities

"MH = number of point

Tﬁ(MH)': temperature (altered)
PH(MH) = pressure (altered)

FH(MH) = log # for TH(MH)

FM(MH) = log # for basic temperature

PLG = log P,

MTP(MH) discriminator for the altered temperature,

defined between addresses 309 and 313

MTPH(MH)  same for the basic temperature

Quantities

(Title Card):KCL, NC, NPC, NS, LAA, KE, EY, ET

(Substance Card): TM, PM, ZM for a pure substance

TC(J), PC(T), 2C(J) for a mixture

(Interaction coefficient Card): WWw(J,M), M

by
. J

(éémposition Card): KY, (¥S(M), M = 1, NC)
TM: pseudo critical temp for a mixture

PM: pseudo critical pressure for a mixture
7M: pseudo critical compressibility factor
(Temperature-Pressure Schedule Cards):

Ks, noT, NOP, TL, DT, DP

‘ME: number of the point

JA: number of the approximation cycle

1
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QUANTITIES
MIYPE: -1 three phaseé
0 critical

1l a single phase
A(M): factors of the cubic equation (input for

VIETA)
X(N): roots (output of VIETA)
(Format 18 is printed out only if the solution of
the modified cubic equation is not obtained within
0.0004 (in %) after LAA approximation cycles).
ME
TK: absolute temperaturé
PA: absolute pressure
TRR: T

r

PRR: P
T

ZK: Z obtained from the eq. of Redlich and Kwong
ZF(ME): Z obtained from ES68
FKD: log &% obtained from R-K equation
ME
TK: absolute T
PA: absolute P
TR(ME).Tr
PR(ME):Pr

. ) »
FKD: Log ¢K .
FMD: log # from modified equation
FFK: ¢K
FFM: &



Format
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25

38

-L4o-

Quantities

MF: number of the point

TH(MF): absolute T

PH(MF): absolute P

FDW = X% Y3 log ¢i Kwong

FDY = Iy, log ¢i’

FWD(1) = log % %

FYD(1) = 1og ¢l

FEW(1). = ¢1K

FRY(1) = 8

FWD(JC) = log ¢iK(other than 1lst & last)
FYD(JC) = log 2 (other than lst & last)
FFW(JC) = 2k (other than st & last)
FFY(JC) = 2. (other than lst & last)
FWc(NC) = y;1og ¢iK

IﬂCWC)=yﬁpg¢i

FWD(NC) = log #, for last component
FYD(NC) = log # for last component
FFW(NC) = ¢iK’for last component

FFY(NC) = ¢i for last component

MH: number of the point

TH(MH):

PH(MH):

absolute T

absolute P

TR(MH): T..

'PR(MH): P

HT: mean heat content H/RT

SR: mean entropy S/R



-50-

25. Various Symbols

Symbols ' Equivalents

DIiT Pr for left end of the interval

PS(JS) P for point JS (defining end interval DP)
zL(1) Z, for the 1st phése

ARG \ ZK for the 2nd phase

FL(JK) ¢K for the lst and 2nd phase

zs(Js) ‘ | ZK for the supposedly.stable phase of VIETA
_ZN(ME) = 7K

FN(ME) = FK

AV(ME) =4AK(;A2P)

BY(ME) =.BK(iBP) Kwong valuesvfor storage

FV(ME)

FK

7ZGG(ME) = ZS(MS): Z of the selected phase for a main point (for

storage)
AU(ME,JC) = AR(JC) A and B individual
BU(ME,JC) = BR(JC) Kwong coeff. for storage
FKD = log %

K
F(DC) Contribution of DC to log %

XC Argument of arc tan for F (DC)

EX, EW intermediates in F (DC)

ZH(MF) = ZF(MF)
FH(MF) = FN(MF) = FK for storage in alterations
™M =

™
PMM = PM

i
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FX(MF,JC) = §g§%§%§l

ding
= = Z 3 '
FS = Ty, 55;— yS(JC) FY(MF,JC)

AUX = ZK - BKP

En¢JC

FY(MF,JC)
FW(MF,JC) = £n#

n JC,Kwong

FYC

1l

Y y.ind,
yJ NE

TWC

)/
N Y5 n¢jK

26. Program and Examples

After the Main Program ES68M the program of the Subroutine VIETA must
be inserted. It is identical with the subroutine used in ES68Z.

The sources for the examples are:

Sulfur dioxide: Kang et al. (1961)

Ethane: Sage and Lacey (1950)

N-butane-carbon dioxide: Sage and Lacey (1955).



CES68M

2AA(10)9BALLI0)»TR{LO0IPRILOO) yAl4)4yE(4)4PS(51),25(51),

PRUGRAM ES68M{ INPUT,OQUTPUT)

EQUATION OF STATE

(MIXTURES ,FUG, ENTH, ENTROPY)

10 APRIL 1666

DIMENSION TI(6),SUB(10,4),TC(10),PC(10)ZC{L1D)+h(L10,10),Y(3),

3YS(10),YVI3) 4ZL(2),FL{2)4ZA(100),X(3),25(51),AR(10),BR(10),
4EL(51),55(51),ZN(100) ,FN(100) ,2GG6(100),26(100),ZF(102),AU(100,10),
SBU(100,10),AV(100),8V(100),FV(100),FM(100),TH(1G60),PH(100),
62ZH{100), FH(lOU).FKH(lOO),FY(lOOle).Fw(100.10),NTP(100),MTPH(100)v
TFWD(L10),FYC(10)FYD(LO0),FHC{L10) o FFWI10)FFY(L0),FX(100,10)
8ySOI51),,UCP(S]1)

2
28
2
25
2
31
32
33
34
35
36

'FORMAT

"FORMAT

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FURMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

(1Xe6A6+612,2F10e6)

(//77)

(1X1A5Q3A6'3F12¢6)

(1Xy GF743)
(1X+,312,3F12.6)
[1Xy12+10F664)
(24X+3F12e6)
(1Xe3I3,7H VIETA ,6F94)
(2H Dy12+8F6e39F124)

(1X+1342F10e3)2FTe3,2F9e4,2FB.3)

(1X,13,2F10.3,4F824,2FB8+3)

(40X, 2FB a4y 2F843)

(24X 414F3e442F3+3)

(54H

{69H NO - T - P
LoG FR

{69+ NO T p

NQO T P
FY )
FORMAT (1H1,6A6, 612,2F10+60
FORMAT {1X4212,6F11.4)
FORMAT(1Xy 13, S5F10e4,
FORMAT (15) ]
FORMAT (1X,6F1lle6,13)
FORMAT (57H NO T P

TR

TR
FK
(69H
FW

ray =

25R)

37
38
39
40
41
42

‘101

FORMAT (2H D,1242F104,3F8e5,214 )
FORMAT(LX+13,2F10e3,2F7e3,2F11+4)
FORMAT (LX,14HMOLE FRACTIUNS )
FORMAT (1X,42H H P T

FORMAT (1X412,13,11F643)

FORMAT ,2F6 T

er

({2H D, 1272F63,7F8e4)
INPUT AND PREPARATTON T
READ

PRINT 31, (TTTM) ¥=1,6),KEL,NC,NPC NS, LAAKELEY,ET

IF (NS «£Qs 0) NS=1

“IF (KE) 81,82,81

8z,
81

g3
g4
- 85
89
488"
91
S0

‘KH=0.

KE=3

IF (KE-4) 84.84'83
KH=1

CONTINUE

IF (€Y) 38,89,88
EY=0.0003

IF (EYY 90,91,90
ET=0.0001
CONTINUE
IF (NC-1) 102,102,103

TR,

(1X413,2F10e3,2F734F8a3,F10e3,F10.4%)

) PM
PR

bR

LCG FWW LCG FYY LDG FW

PR

11o(TI(M) 4M=146) KCLyNC yNPC yNS+LAA,KE,EY,ET

K-

LOG FK

M)
LF

Lee FM

LoG FY




CESES

11
V-
13
14
LS
16
17
1s
1y
20
ce
23
24
2%
26
27

29
29

31
32
33
34
35
30

37
38
39
40
41
42
43
44

151
82
i

B3
B4

-52a- ~ UCRL-19011

M EQUATIO: OF STATE (MIXTURES,FUGPENTH,ENTROPY) 16 FEBRUARY 1970

PROGRAM FQaBM(lNPUT,OUlPUT)

UlMENbloN TI(b)oSUﬁ(LO’é)oTC(lO)sPCLlO),Zﬁ(lU)vww(lo’lo)qY(3)9Nﬂm“ww o
2AA(10) eBA(10) o TR(100) PR(LOO)-A(6>yE(4)995(51>ses(51)a
3Yst10)oYV(1)’ZC(2)9FL(¢) ZA(100)9%(3)92S(51)2AR(10) 48R (Lg)y
4tL(ql)98F(h1);4N(100)’fN(l00)92@0(100)QZG(lou)szf(loo)9AU(100'10)9
58U 100910) 4AV(100) 48V (100 9FV (1002 9FM(10a) s TH(100) sPH(LVO) s
O6LHEL00) $FH (100) oFRH(100) oFY (100420) sFW(100930) sMTP(100) yMTPH(100)
?wa(lﬂ)gFYP(lQ)SFYU(lO)sFﬂﬁ(lQ)QFFW(lﬂ)QFFY(IO)anﬂlOOQIQLﬁmmM,“m”,ﬂ*wm
g5 (51) ,DCp (511 s0PP (100)

FORMAT (1X, er’blastlo,e)

POHNAT (777)

POHMAT (1X,A593A693F12e6)

FORMAT (1X, 9FT743)

_ngyAF (1X, BLZQJFlé 6)

PONMAT (1x 12,10?6 4)

FORMAT (24xX93F1240)

FORMAT (1X¢31397H VItTA s6F904)

FORMAT (2H D912+8F0,34F12,4)

FORMAT (1Xx,1392F L0 3»af7 39FBe3,F10e35F1ne#)

FORMAT (13X, 13,2F10.3,af7o3eaf9Q492F8 3

FORMAT (1%,1392F10,394F8,492F8,3)

FORMAT (4nxs2FB8e492FBe 3)

foHMAT (?4x,4?89492F893)

FORMAT (544 , S T o PM o IM)
FORMAT (69H NO 1 P TR PR ZK - ZF
LOG FK_. e e e e e s . —
ZkOHMAI <§9H WO T P TH PR L0G FK  LOG FM
2 FK FM ) o o . . oA ey
FORMAT (694 NO 1 P LOG FuwW LOG FYY LOG Fw LUG FY
2 Fw FY )
FORMAT (1HYs6A65612,2F10,6)
FORMAT (1x 21296F11e%) e e e e et e e
FORMAT (1Xs 135 5F10.4s 13)
FoRmAT (15)
FORMAT (1X,6F1106913)
FORMAT (5714 NO i p - - TR PR HY
de)

FORMAT (2H 0’1292Fl0 423FBe54274 )
FORMAT (1X,7302F 1003, dr?.g,zFll 4)

FORMAT (1X414HMOLE FRAGTIONS ) ‘ o
FORMAT (1X,42H  H P TL DT oP )
FORMAT <1x.12,13.11F6.3) . :

FORMAT (2H D91292F6,3,7F8e4)

FORMAT (1Xs1292FTe3980M  BEYOND RANGE OF R AND K )
FORMAT (1X,1292F7,3,17H  NO CONVERGENCE )

INPUT AND thPAHA1ION .

RtAo 1o (TI(M) aM=146) 0KCLOINCENPCoNSILAALKE,ZEYIET
PRINT 314 (TI(M)aM= 1-6)oKCL¢Nc.NPc.NsoLAA- KEZEYsET

1F. ;NS cEQ, 0) _NS=) ‘

1IF (KE) 81,8281

KE=7

KH={

IF (KE=4) n49B84:83

K= :

LoﬂTINUE e e e



1)
89
68
91
90

L2

L¢3

165

L o6

Lo 7

7

Lil

lo9

7

30
€2

23
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I (EY) 88,8988

EY=0e0003

IF (ET) 99,91990

ET=0s000)

CONTINUE

IF (NC=1) 10294029103

NC=1

READ 134 (SUB(LaM) oM=194) 9 TMaPM LM
PRINT 134 (SUB(laM) oM= l!#),TMopMoZM
AMZ 308473208 LMPZMETM® TMRIQRT (TM) /PM
5M~o.abq9211*LM«TM/PM

60 TO in4

DO 105 J=1,nC

READ 135 (sUB(JaM) aM=104) 9 TC(U) 4PC U s LC ()

AR( ) =3,847322%2C (N RZC(D #TC(N #TC (I #SERT(TC () /PC ()

BA(J)S0,2509211#2C (I *TC (J)/PCLU).

PRINT l3o(qu8(JoM)oM-194)oTL(J),PC(J),lc(J)
00 106 J= ?oNC

READ  l4e (WW(JeM)aM=1aNC)

FRINT las (wwiJdsM) sMz19NC)

LUNTLNUE

Do 107 M:l.NL

Wi (M) =0, o

WwlloM)zuWw (Mo l)

COMBINATION

KEAD  lasKyy (YS(M) 9M=1onC)
PRINT )2

PRINT 39

PRINT laoKys (YS(M)9M=12NC)
KF=9

IM=0,0

BMZ0 oY)

AnNS( e 0 . o . e e
AP=040 '
pRINT le

00 109 J= 1.NC
LMZZMeY S (JYRLC(J)

BMS BM*BA(J)*YS(J)

SS=0e0 A

DO 111 K= 4NC

SSEYS (K) #wy (JoK) #SURT (AA(J) #AA(K))*SS
APz AP+YS () #SQRT (AA (J))
ANSAN+SS#Y S (J)

AMzAP#AR + AN

T10% (0.0259921190,259921 L#AM/(ZMBBRM) ) #20,6666607

PM=TM#Q 2599é11*ZM/BM

IF (KF.F0.1) GO TO 104

PRINT 26

PHINT 179TrePMeZM

IF (KE=1) 1219979130
T&MPERATURw PRESSUHE SCHEDULg
If (KE=1) ]dlvl&Z;lZé

VO 123 MF=1eMX
TRIME)=TR{MEI®IMM/TM

DPP (ME) =DPp (MET#PM4/EM

PH(M&)HPR(M&)*PMMIPM e e e e e e e

A}

UCRL-19011




121
113

11
ie7
125
1¢8

leg.
126

115

lle

117
114
i1
lca
119
120

S04

(2%
&
™

<la

_PRINT 40. ' e

-52e-

GO TO 124
ME=yg. .

PRINT 12

R&AU lq'Kﬂ'NOT'NOpylL’DIQDP

IF (KFegQ, 1) 60 TO 110

PPI;T l&,KS,NOT’NOP fL'DTle
ME=ME +] _

iR Mt)-TL/TM

IF( (TR(ME)=0+722) 1dbv12591?6 -

UCRL-19011

rw(hﬁ)aTR(ME)+Dr/TM
NUT NOTw=] L
lF (NQT) 12891284127
ME=ME=] o

iF (K3) 129341299113

AF (ME=1) 070979186 e

00 114 JT=1eNOT

1F tJT'l) 11591164115
ME=ME+]
TRIME)=TR(ME=12+DT/TH
PR (ME) =DP/PM

DPP (ME) =PR(ME) . _ . e e e e e+ e

IF(NOP. LT, &) GO T0 114
UO 111 JPav,NOP

ME ZME + 1

IR(Mt)nTR(iﬁ“l) .

DPP (ME) =DPe (ME=1)

PR(ME)—PP(Mtvl)*OP/PM O

CONTINUE

T KST 11391189113
MX=yE

1; ?LAA)'119911?’l20
LAaaz3y
LAS| AA+1p
A(l)xlqﬂ
h(:)*liﬁo
b(c)mm
Ié (KFQFQQl’ GO TU 50“
PRINT 12

PRINT 27 . o
ANb FLOAT(!S)

MaIN CYCLE
MS-'NSQI

D0 20l ME= 1,2?
FRUzZ« Q#PR (M e
i? TDPP(ME).GT-PRU) GO 70 240

bubP= UPP(Mt)/ANS )

Dpo 1.00)l#nPP (ME

I? TPH(ME) GT-0DD) GO To 203

QINzle 0 .

THR= TR(M&) .
?né SURT (TrR)

TUSTRR=1 .0

TT=TRR*TRR4TRR

Q=100

IF %Teuﬁl.ezk 21512191216

WZ=7 e y UmEXP (= OoOb/TU) S




~

=53~ o UCRL—lQOll
UCP(I):ﬂ,O

SDI1)=0,0 S S -
215 CONTINUE |
L AB=34847322#ZMPZM/ATRRATRRRTIRS) N _ S

€03

€04

ed2

243

c(6h

en7

€8

As= 0-4278“pJ/(Td*TJ“TJb)

CAK=AQ®AQ

BB=0e2599211%ZM/TRR
VEN=(1e0+0,1¥TRR)I® (19090, ¥ TRR)
W=0el/ (10 0¢2.06“TU)
Vzl,19%(1,7+42.268TU) 70EN
UsYel03w(1,0¢3.59%7U) 7DEN :
WAS sxv(a.gna593(1 0= 30 002M) /W) ™00 e
PS(1)=0,0
Esf1)=0,0
tL(])‘O 0
SE(1)=0,0 , _ . . _ ) o
GO TO 204

PSOLI=PRAME=L). . . e e e

£ES(1)=E5(Mg)

hL(l)«EL(M%)

SEin = SE (Mg)

UCP(I) =NCP (M3I) ) . ) . . -
SDGL)"SH(MS) _

CONT INUE . o et
DO 205 US= 29M$

PRR=PS (JS~1) +DLP

PS(Jb)szR

R AND K

IF. (NC=1) 23092309231 e
AKS0) o 4278«pRR/(TRR“THH*TRS)

AR(1) =AK

vnﬂo.O&aﬁ?«PRR/TRR

BR1) stk

GO TO 233

BES0e0 . .. e
AQT0.0

DO 232 JE=y NG

TJwTRR“TM/TC(Jt)

TUS=SART (T ) :

PJ"PRR*PM/PC(JE)

AR(JE)—SQRT(AS)
AQGRAQTYS (UE) *AR(JE)
BRr{JE) =0, 9967*PJ/TJ
BRE BK+YS(JF)*BH(Jt)
CONTINUE

CONTINUE
E(3)=AK=BK# (100+BK)
E(4)=~AK#*Rw«

Cabl VIETA(EsYVoMT)
IF (MT) 20442079207

2L =Yy () R,

26212y (3)
LK=2

60 TO 20R
LLO1I=YV (1)
L]

WO 209 JK=isbk e e e

e e s



DSS=Zl (JK) -BK

-5k .. UCRL-19011

IF (DS5,67,0e0) 60 TO 209
PHINT 439 ME e fR(ME),PR(ME)

B0 TO 240 e

€99

211
212

2l

214

PL(JK)nZL(IK)'l o= ALOG([L(JK)-aK)~ KeALOG (1, O*BKIZL(JK)llaK
IF(Lr=1) 2102105211

IF (FL(2)=-rlL (1)) 212+210,210

FR=FL(2)

ix=7L(2) ‘

Mp=2 e e e e e e e e e e
GO TO 2164

FREFL (1)

LrEZL (1)

Mp=1

CONT INUg

CIF_(FK ,GT.mloo 0 GO Y0 8

PO _301 JA=misbA

304

307

349

313
312
314
316
315
317
319
321
322
323
324
329
301

c4n

_A(d)~AC*<1 0=066) ~BC# (1e =Gl eRC)

"uzN-l 0

LrL) =2k
ACTABH*PRR
BCFRB¥PRR

APPROKIMATION LYCLt

b= PRR*ZM/(TRR*LA(JA)J

S= u*(deg 04(3 0~D)>

GLl= 1.0¢WA%S

GL=wW*ALOG1O (6LL)

IF (S=1,0) 306s30?1307

WR=] » as/crpaﬁrns>-1 Y4

GLEGLH (w H#(lso”wﬁ)*S)

61,61 Q&U*q*b“(s- .Oxﬁ(sal.o)

IF (bLb) 97.979309

Go=VH*ALOGLE (BLG)

A(2)=6lL=1,0

A(4)==ACHBC# (1 0=006)

CALL VIETA(APXsMTYPE)

MTE (ME) =) 0usMTYPE+MP

IF ™ (JA=_AAy 312,312,313

PRENT IM,MP,JAsMTYPt9(A(M)’M*ﬁo&),(K(N)gN =193)

IF. (MTYPE) 314931531

IF (MP=1) 315,315;316

LS (JS) =X (3)

Go TO 317

L5 (USI=X(1)

1F (Abb(ZS(JS)"ZA(JA))“O 0004) 31893199319

IF (JA=10) 32093209321 e

b[a~(4>(d$)-ZA(JA))“(ZA(JA)wZA()A"I))

IF (D1%) 3?2,3da,323

QIN= De9uQTn

Go 1O 320

QIN 1o OS*QTN
(QiN=1.8).32093209324 _

s o o s v @ a4 nmns o e e e s i —

LA(JA*l)nﬂrN“Lh(JS)+(loO-QI ) RZALJA)

CONTINUE

PRINT 44 9 ME o TRIME) ¢ PR (ME) , o _ .
UPP (ME) =10, 0#PR (ME) )
A (MELEQ, MX) B0 T0 ol



318

325

-7 i

€1s

<17

234

22¢
2l9

236

221
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1F (1H(MF¢}).EQ TR(Mt)) DPP(ME+q) =DPP (ME)

60 10 2n1 o
ES{JS)=x c#»e/(i:(JS)*BC)-ZS(JS)»GL/(ZS(J5)~Bu)

A4ts<43>-55445)*45(J5>/PPR e

EL (JS)=PRR/ZS (JS)

IF (EL(JS=1)aNEs0e0) GO TO 325 L L e e
EStUS=1)=ks(JS)

SE(Jsk-sﬁ()s-l)¢0,5%(ES(Jb!+ES(JSol))*(EL(J5>~EL(JS 1))

IF (TRR~1,32) 326932653277

UPE (34281 w1 La h0¥ZM) # (T1=206#TUs( (4036151 ?ZM)°IRR”6¢70‘2133“ZM)* B

25QRT (PKR) )

DCP(JS) sUP&TUZ (TT#TT*0 ¢4 #PRR4PRR)

SD(UST=SD ( 1S=1) 4055 (UCP (JS=1) +pCP (JS) ) #pDP
GO TO 328

SU(JS)—D.O

_L)cr’(,)b) Y L e e e e e

COUNT JINUE

CONTINUE

LN(ME) =7K

FN(ME) =F Kk

LGb(Mt)-/s(MS)

LGWMEDN =ZGG (ME)
RC=0.0

UPSQ40

IF (TRR=1,82) 21792179218

lb(ME)-ZK*@Z“(Lbb(MEF-AK) _

UP=(3e281~11e 10*1M)*(1f~2.6«7u+((4,36u15 ‘*ZM)*TRR'b T0¢21,387ZM) #

2SQRT (PRR)) e e e e e e

DcnuP*TU*PQR/(IT#TT+qu*pRR*PRR)

ZF (ME) =76 (4E) +0C

DO 234 JD=1,4NC

Au(Mt»JD)_AR(JU)*AR(JD)

BU (ME » JD) =R (JD) ‘

AVIME)=pK . . e e e e
uV(Mt)~nK

rv(Mt)-FK . . v ) o

FRKU=(+434294%FK

1F (KCL=9) 21992209219 _

PRINT 194Mr s TRRsPHR, QLyZKvZGG(MF)QZb(ME)oZF(ME)90C9Up

TK=TRR#TM O
Pa=PRR#pPWM : .

IF (KFeEQ.1) GO TO 236

IF (KH.EQ,2) GO TO 238

PRINT 209MF91K9PA9TRR9PRR9£KQZF(ME)QFKU

[F (KE=2) 221,201s221

?UQALITY CnErFICIhNT

FGo= ZGG(MF)*1oO'ALDG(be(ME)«BC)~AC“ALUG‘log‘BL/lGGQME)9/BC¢SE(MS)
FG=F GG

FO=04.0

La=pe0

EB=0 0 S e e e e

EC=( 00

ED™0.0 : . Y

w00 ‘

EX=(0al)

AC=000 .

YC=YQ v 0 - R : e e e e e e e e e e e e e et et e



el

238

237

239

2ez

224

el

225
2ee6

227

eés
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IF (THle,qa) d829££29223
EAS(32281=11410%ZM) #{TT=2,6%TU)#TU/(TT®(0,632456)
EB=(3.28]1~ 11-10“ZM)*((“.36 154 02ZM) #TRR=g 70421 ,3%ZM)4TU/(TT#TT)
EC= §ORT(n. 32456/1T)
xC~EC*tL“PRR
YCFEC®SORT (PRR)
ExX= ATAN(X()
IF (ABS(XC~1¢0)1"0+0001) 238,238,237
EDR)1e5707943
GG TO 239
EO=ATAN(T, 414d13*YC/(1'XC))
IF (XCeLTa100) GO TO 239
ED=3,14189-6+ED
En=0elT67T78ALOG((1,0=1,414213%yCaYCRYC) /(1,041 ,414213#YCevCoYC) )+
20.353554%En
rp EA®EX+2, Q*EBREW/ (ECHECHEC)
FG= FN(MF).Qz*(rbG-FN(M&>)
FM(ME) 2FG+FD
IF (KCL=9) 20192245201
PRINT 12 :
PRINT 424Mr o TRRoXCoYCIEX9FGGoFG,SE (MS) oFN(ME) o FM(ME)
PRINT. 43,ME,PRHvEﬁ9EB’EC;EU9EW:FQ,5U(MS)9DC R
PRINT 12
CONTINUE
LF (KEs|.T4n) GO TO 97
Ir (Kfﬂl) ﬂ359402'40d
IF (KH=1) 22692269502
PRINT 12
PRINT 28
DO 227 ME=z+ gMX
PRUs2e 02PR (ME)
IF (OPP(ME),GT.PRU) GO TO 227
1KzTR(MF)»TM
PAnPR(MF)“WM e e e e e e e
Fuz 0 “434294@FM(ME)
fxuao 434294#FN(ME)
FFK=EXP (FN (ME)) -
FFM EXP(FM(MF)) :
PRINT az,Mg,ThopAaTR(ME),PR(ME)aFKD FMDoFFKyFFM
CUngwuﬁ e
IF (KEm4) 0742289228
Do 235 MF=z=1¢MX
PRD 2.0¢PR¢MF)
LF (DPP(MF).GT.PRO) GO To 235
TH(MF)~TR(MF)*TM
PH (MF ) =PR (MF ) #PM e e e e
ZH(MF ) =2F (MF)
fH(Mr)—FN(MF)
MTPH (MF ) =MTR (MF)
FKH (MF ) =F N (MF),
CONTINU&
TMM=TM
PMMzPM
ZMM=ZM .
IF (NC ,Eq, 1) GO TO 501
IF (KE=S) 4019¢501s401

INDIVIOyYAL FUGACITY COEFFICIENTS



]
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41 DO 404 uC=14NC
KF=]
IF (YS(JC)m0e9) 40594054406
406 LYS=EY L e e
405 YS(JCI=YS (4C) +EY :
GO TO 407
402 DO 408 MF=y4MX
PRO=2 ¢ 0#PR (MF)
IF (DPP(MF) 4GT,PRD) GO TO 408
TRAMF) = TR (HF )& TM/THMM _ o . .
OPY (MF ) =DPp (MF ) #PM/pPMM
PR(NFJ-PR(Mrk*VM/PMM
PX(MEng)-(rMcMF)~FH<MF))/&Y
498 CONTINUE
YS(JC>~YS(;C)'tY
CIM=TMM . o e
PM=pMM
M= 7MM
IF (YS(JCIm0e9) 40454045416
“l6 EYZ-EY
404 CONTINUE
LPRINT 12 OO
PRINT 29
VO 409 MF=1aMX
PRU=2+04PR (MF)
IF (UPP(MF) GT«PRD) GO TQ 409
"S"'Oo()
. UO ‘0‘10 JC—-I GN(’ N, e e e e e e e e
410 PstS°YS(Jr)“FX(MF9JC)
AUX=ALOG (2 (MF) =BV (MF 1)
FYY(MF) =040
F'WW(MF)!EQQG
DO 411 JC=1eNC
FY(MF s dc) =rH (ME) «F X (MF e JC)=FS. e e
Fu(MF 2JC) = (EN(MF) =1, OY*BU(MFeJC)/HV(MF)ﬁAUXw
H(AV(Mk)/HV(MF))“(d-O*SQRT<AU(MF JC) /AV (MF) 1 =BU (MF 9 JC) /BV (MF) ) #
3ALOG(1.Q¢BV(MF)/LN(MF)D
w1} LONTINUP
469 CONTINUE
DO 418 MFmT aMX e e e e e
PRU=2 e 0#PR (MF )
IF (LUPP (MF) ,GT.PRD) GO Tp 412
FOW=00436204%FKH (MF)
FOY=00434204%F HIMF)
Fwl (1) =0,434294%F w(MF 1)
CFYD(1) 20.434294%FY (MFs1)
Fw(11~:xP(Fw(MF v1))
FEY (1Y =EXP (FY(MFe1))
PRINT BSaMFyTH(MF)’PH(MF)OFDWoFDYeFWD(l)gFYD(l) FFWw(1)sFFY (1)
ND=NC=]
th(1)~yq(1)*FwD(l)
PYC(1)=YS(1)*FYU(1) e e e e e e e
IF (NC=2) Al3’413v$14
416 DO 415 JUC=z2.ND
FwU(JC)aC°434294*Fw(MF@JC)
FYU(JC)~0 434294®FY(N?9JC)
FWCpJC) sFWe (JCm1) #YS(JC) #F WD (JC)
FYb(QC)mFYn(JCmii*rS(JC)*FYULJca e e e e e e e e e
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FFW(JC)=EXD (FWIMFoJC))
FEY(JCI=EXp (FY (MFyJCI T
419 PRINT a@uFHD(JL),PYD(JC),FFW(JC)oFFY(JC)
413 PWU(NC)-Q @34&34”FW(M?9N§) o
FYU(NL):0.434294*fY<MFch)
FwC (NCY =Fye (NDT+YS(NCT #*F yU (NC)
FYC(NCI=Fye (NDY +YS(NC)#FYD(NC)
FFY (NCY=EXp (FY (MF gnNC))
FEW(NC) =t Xp (Fw (MFoNC))
PRINT gb.ruc(NC),FYC(NL) FWD(NC)IFYD(NC) oFEWINC) s FFY (NC) S
412 LUNIINur
Kf =
1F (KH“}) 97e501 097

HEAT CONTENTs ENTROPY

501 KH=p
PRINT 12
PRINT 36
VO 803 MH=1 pMX

903 TRIMH) =TR (MH) +£T
G0 TO 5ne

502 DO D05 MH=3eMA
FPRU=Z 2 0#PR (MH)
[F (DPP(MH) 46T PRU) GO 10 505
TR (MA) STR (MH) =E T
HT*(FH(MH)mFM(MH))”TH(MH)/&T
SKIHT=F H (MH) =ALOG (FRTMH) )
PLG=ALOG (PA(MH)) B
ir (KCL=-9) 506 v507 9‘::005)

507 PRINT 37sMpeTHIMH) gPH(MH) 9FH (MH) o FM (MH) o PLGyMTP (MH) sMTPH (MH)

506 CONTINUE
PRANT 3ayMug THIMH) oPH(MH) s TR (MH) o PR(MH) g1 T » SK

505 CONTINU&

LY RN

37 uoNTINUF
IF (KY) 98,98+108

98 KEAU llo(TI(M)oM lob)vKCL'NLoNPC NS;LAA Kh hYoET
IF (KCL) 9a,101 101

99 >T0P
£,

| SUBROUTINE VIETA (As Y MIYPE ) —
‘4  S0LUTION OF THE GENERAL CUBIC FQUATION MOD 4

ALy RYwuzep (2)BYSea.AT3) 200 (4) 20 - ) - e

WiTHOUT ciiBERTFy ASINF, ACOSF, FOR GENERAL USE
DIMENSION AT4)s B(3)s Y (3) , R

B(4) = A(?)/A(l)

§10V3 B(1)/30 o L e
B(2) = A(3y/A(D)

B3 = A4y /ALL) e e e e e . e o -
ALF = 8(2) = B(l)“alova :

wET S 2,0#R)0V3e#3 = 552{?810V3 + B3

5&‘0V£ = bVT/ZeO

ALPQVB = Al F/300

CUAQVI = ALFOV3*43

SQBoV2.= BETON2B¥2 . .
DEL = SoBOy2 + CUAOV3
1F (DEL) 4ns20030




[N @]

lgN @

[eRe
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MTYPE=y  TwO ROOTS EQUAL

20 MTYPE = 0
GAM = SQRTF(=ALFOV3) U
IF (BeT) 22922921

21 Y(4) = =2,(%GAM ~BloVJ
Y(&) = GAM -~ BlOv3
Y(3) = v(2)
GO TO Hn

22 V(i) = 2.04GAM ~BlOy3 ) _ ) _
Y(2) = ~GAM =H10V3 i
Y(3) = Y(2)
GO T0 5p

MTYPE=1 TW0 CUMPLEX RQQTS
40 MTYPE = )1 .. e U I
‘ EPS = SQRTF(DEL) |
TAU = =RETAV2
RCUaTAU+EPRS
SCU=TAU=EP<
SIHsl 0
S15=140 . v e e
IF (RCU) 3932932
31 §IB:"‘1-9("
32 IF (5CU) 33¢34+3¢
33 SI3z~len '
34 R= SIR*(GIR%RCU)**O 33333333
$S=518%(S1545CU) ¥#0,33333333 B
Y(1)=rREAL RpOOTs Y (2)=REAL PART AND Y (3)=]MAGINARY PART UF TwO
COMPLEX RONTS

Y(L) =R+ S = BlOV3I

Y(€) 5 =(ReS)/2s0 = BLOV3
Y(J) 5 n,86602540% (R=b)
GO TO 5S¢ .. .

MTYPE=~1 THREE REAL KOQTS
45 MTYPE = =1 )

QUOT = s0BnV2/CUAOV3

POUT = SQRTF(ﬂQUOT)

CIF(BET) . 42.6104)
41 EHL = (1.5707963 + ATANF (ROOT / SQRTF (1,5 = ROUT##2))) / 3,0
0 TO 43 . v S

42 PHI = ATANF (SURTF (1,0 = ROOT#%2) / ROOT) / 320

43 FACT = 2.0%5QRTFA-ALF0V3> - e
Y(ly = FACT#COSF(PHI) = 8l0v3
Y(2) = FACT#COSF (PHL + 2,094395]1) = BlOy3
Y(3) = FaCT®COSF (PHI + 4,1887902) = B1OV3

Y(1) HIGHEST ROOTs Y(3) LOWgST ROOT
_YAnaMAXJ(YLl)QY(ﬁ)$Y(J7L~ e e
YC=AMIND (Y (1) 9Y.(2) oY (3))
YE= Y(l)+Y(?)+Y(J) Ya=YC
Y(l)=
Y(é)»YB , , __ L L
Y(J)-YC v
Sg RETURN it i e e e e e e
e . . § R



102

CPRINT 13, (SUB(L MY, M=1,4),TM,PMyZM

103

105

106

107

108

407

109

104
130
122
123

121
113

110

127
125

PRINT 12
PRINT 39

NC=1
READ 13,(SUB(LsM)sM=1,4),TM,PM,IM

AM=3e84T7322*%IM*IMETMXTM=SQRT (TM) / PM

BM=0425992 11 *ZM&TM/PM
GG TG 104

DO 105 J=1,NC

READ 13, (SUB(JyMI4M=1,4),TCLI),PCLIIZCL N

AA(J)=3.847322% LCTNFICTIVFTCTNFRTCLUIRSQRT(TCTINI/PZLTY

BA(J)=042559211%2C{JI*TCL 1)/PCLJ)

PRINT 13, (SUBCT, MY M=1,4), TCTII,PCTV L 2ETHY
DO 106 J=2,.NC

READ Ll4a,(WW(JI,F) yM=T,NCY
PRINT 14, (WW{JaMI4M=1,4NC)
CONTINUE

DG 107 M=1,NC_

WW(Ll,M)=WW(M,1) e
CCMBINATION
READ  16+KYs {YS(M),M=1,NC)

PRINT 164KY,(YS(M) ,M=1,NC)

‘KF=0

IM=0.0

BM=0.0

AN=0 00

AP=0.0

PRINT 12

DO 105 J=1,NC

IM=ZIM+YS(3I%2C L J)

BM=BM+BA( 1) =YS( J)

$5=0.0 ’

00 111 K=1,NC

SS=YS(KYHWW(JyKI®SQRT (AA(JI*AA(K) I+SS
AP=AP+YS{ J)=SORT(AAL )
AN=AN+SS=%YS())
AM=AP*AP+AN ’
TM={02599211%0.2599211%AM/ ( LMXBM) ) **0.60666667
PM=TM*0.2559211%ZM/BM

IF (KFetQel) GO TO 104
PRINT 26 N
PRINT 17,TM,PM,ZM

IF (KE-1) 121,927,130

TEMPERATURE PRESSURE SCHEDULE™
IF (KF~1) 121,122,122
DO 123 ME=1,MX
TR{MZI=TR(MEIXTMM/THM
PR{ME)=PR{MEIXPMM/PM
GO TO 124

ME=0

READ  154KSNIT,NOP,TL,DT,DP
IF (KFeEQ.1) GO TO 110

PRINT 12

PRINT 40

PRINT 15,KSyNOT ,NOP,TL,DT,DP
ME=ME +1 '
TRIME)=TL/TM )

IF (TR(ME)=~0e722) 1254125,126
TRIMEDI=TR(MEI+DT/TH

I S .ﬁ-mmm__A“_nﬁwﬂ__.___M~____~j



129

126
115

116

17
114

118
124
119
120

CMAIN CcYCLE T

504

202

216

215

203

5h-

NOT=NGT-1

IF (NGT) 128,128,127
ME=ME-1 . )
1IF (KS) 129,129,113
IF (ME-1) 97,97,126
DO 114 JT=1,NOT B
IF (JT-1) 115,116,115
ME=ME+1 e et e e e . N
TRIMEDI=TR(ME-1)+DT/TM :
PR(ME)=DP/OM .
IF(NOP. LT« 2) GO TO 114
0O 117 JP=2,NJP

ME=ME +1

TR(ME)=TR(ME-1) ]
PR(ME)=PR(ME-1)+DP/PM
CONTINUE s e e e
IF (KS) 113,118,113

MX=ME o o
IF (LAA) 119,119,120
LAA=30
LA=LAA+10
A(1)=1.0
E(1)=1.0
E(2)=-1.0 o
1F (KFe£Q.1) GO TO 504
PRINT 12

PRINT 27

MS=NS+1

DO 201 ME=1,MX
DIT=ABS(PR(ME)--DP/PM)~0.02%DP/PM
ANS=FLOATINS) i o
DDP=DP/ (PMAANS)

IF (DITY 202,202,203

QIN=1.0 )

TRR=TR(ME)

TRS=SQRT(TRR)

TU=TRR~1.0

TT=TRR*TRR*TRR

Q2=1.0’

IF (TRR-1.02) 215,215,216
QZ=1.0=2XP(-0.05/TU)

DCPL1)=0.0

SC(1)=0.0

CONTINUT
AB=34847322%2M%x2ZM/ ( TRRETRR*TRS)
BB=0+2599211%2M/TRR
DEN={1e040e1%*TRR)* (10+¢0+1%TRR)
W=0al/(1e04206%TU)
V=1e15%[1+042+26%TU)/DEN
U=0e103%(1e0+3+59%TU) /DEN
WA=EXP(2430259%(1e0-3+0%IM)/W)-1.0
PS{1)=0.0

£S(1)=0.0

EL(1)=0.0

SE(1)=0.0

GO TO 204

PS(1)=PR{ME-1)

ESI1I=ESIMS)

EL(LI=EL(MS)

SE(1)=S3{MS)




230

231

232

233

206

2C7

2C8
209

211
212

210

214

TOCPI1)=DCP(MS)

DO 232 JE=LLNCTT

-55~

SD{1)=SD(MS)
CONTINUE
DD 205 JS=2.MS

"PRR=PS{JS-12)+DOP

PS(JSI=PRR
R AND K
IF (NC-1) 230,236,231

AK=0.4278%PRR/ ( TRR*TRRXTRS)

AR(1)=AK
BK=0.08667%PRR/TRR
BR (1) =BK

G0 TO 233
BK=0.0 7
AQ=0.0

TI=TRRETM/TC(JIE) o
TJS=SQRTI(TJ) - ’
PJ=PRR*PM/PC(JE) )
AS=0e4278%PJ/(TI=TYATYS)
AR [JE)=SQRT(AS)
AQ=AQ+YST JEIXAR(JED
BR{JE}=0.086T*«PJ/TJ
BK=BK+YS{ JE)*BR ( JE)
CONT INUE

AK=AQ*ARQ
E(3)=AK~BK*{1+0+BK)
El4)=—-AK*BK )

CALL VIETA(E,YV,MT)

If (MT) 206,207,207
2Ly =YVIL) ’
ZL(2)=YV(3)

LK=2

GO TO 208

ZL{1r=YV(l)

LK=1

DO 209 JK=1.LK

FLOJKI=ZLUIK)I=1.0=ALOGIZL (JK)=BKI=AK*ALOG(1.04BK/ZL(JKII/BK

IF (LK-1) 210,210,211 )
IF (FLE2)-FLILY) 212,210,210
FK=FL (2)

IK=IL(2)

Mp=2

GO TC 214

FK=FL{1)

IK=ZL{1)

Mp=1

CONTINUE o o
IF (FK «GT. 100.0) GO 70 99
ZA(1)=2ZK
AC=AB*PRR
BC=BB*PRR

APPRUXIMATION CYCLE

D0 301 JA=1,LA
D=PRREZM/ (TRR*ZALJA))
S=D*(3.0=D%(3.0-0))
GLL=1+0+WA%S
GL=WXALOGLOIGLL)

IF (S-1.0) 306,307,307




306

307

309

-56-

WB=1+43/{TRR*TRS)~1.32

GL=GL*(B+{10-WB)*S)

GLG=1 «0+1xSA5%(S~1.0)*(5~1.0) )
IF (GLG)Y 97974309

GG=V*ALIG10(GLG) '
A{2)=GL-1.0

Al(3)=AC*(1e0~GGI-BC*{10-GL+BC) -

C A(4)=—AC*BCH{1.0-GG)

313
312
314
316

315
317
319
321
322
323

324

320

301

318

325

327

326

328
205

‘218

217

CALL VISTALA,X,MTYPE)
MTP(ME)=10%MTYPE+MP

IF (JA-LAA) 312,312,313

PRINT 13 ,ME,JA,MTYPE, (A(M) M= 2,4).(X(N)'N 1,3) ‘ »
IF (MTYPE) 314,315,316

IF (MP-1) 315,315,316

2S{4SH)=x(3)

GO TO 317

I5(4S)=X(1)

IF (ABS(ZS1JS)—ZA{JA)I=0.0004) 318,319,319

1IF (JA-10) 320,320,321

DIS=(ZS1JISI~ZA(IANI*(ZALIAI=ZA(JA=-1D)

1F (DIS) 322,322,323

QIN=0.9*QIN

-GC TO 320

GIN=140%%QIN

IF {QIN-1.0) 320,320,324

QIN=1.0

ZACIA+1)=QINNZS(ISI+{1e0-QINI=ZA( JA)

CONT INUE

GG TU 97

ES{JSI=AC*GG/(ZS(ISI+BCI-LS{ 3SI*GL/{ZS(35)-BC)
ES(JSI=ESLISI®IS(JSI/PRR

EL(JS)=PRR/ZS(JS)

IF (EL{JS=1)eNE.0.0) GU TO 325

ES(JS-1)=ES(JS)

SE{JS)=SEL JS-1)40.5#(ES(ISI+ES(IS=12I#(EL (JSI-ELIIS—1))

IF (TRR-1.02) 326,326,327

UP=(3e281-11e10%IMI*(TT-246%TU+( (4+36~15.0%IMI*TRR=64T0+213%IM)%

2SQRT (PRR))

DCP{JSI=UPHTU/(TTATT+0 4 *PRR®PRR )
SD(JSI=SN(IS=1)+0.5%{DCP(IS-1I+DCP(IS)I*DDP
GU TD 323
S0(JS)=0.0
DCP(JSI=0.0
CONT INUE
CONTIAUE
INIME)=2K
FN (ME)=FK
IGGIME)=2S(MS)
IG(MEI=2GG(ME) ~
0C=0.0 o :
UP=0.0 5
IF (TRR=1.02) 217,217,218 . ..
LGIMEDI=IK+G7%* (ZGG(MEI~ZK) ’ T T
UP=(3e281-11e10%ZMI*{TT=2e6*TU+((4436~15.0%ZMI*TRR=6.70+21e3%IM)*
2SQRT(PRR)) - T ’ )
DC=UP*TU#PRR/ (TT#TT+0<4%PRR*PRR)
IF(ME)=Z2G(MEY+DC T -
DO 234 JD=1,NC

- AU(ME y 4D =ARTIDI¥ARTID)

234

BU(ME,JD)=BR(JD)
AV (ME)=AK
BV{ME)=8K
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FVIME)=FK
FKD=0+434294%FK

IF (KCL=-9) 219,220,219
PRINT 194ME,TRRyPRRyQZyZKsZGG(MED) yZG(ME) 4ZF(ME) ,0C yUP
TKTRRET M . GGIMED »LGIMED , ZF(ME) ,DC,UP
PA=PRR%®PM

IF (KFeEQel) GO TO 236

IF (KHe£042) GO TO 236 ) o
PRINT 20,ME,TK,PA,TRR,PRRyZK,ZF(ME) ,FKD
IF (KE-2) 221,201,221

220
219

236

FUGACITY COEFFICIENT

FGG=ZGG(MEI~1+0~ALOGIZGG (MEI-BCY~AC*ALOG( 1.0+BC/ZGGIME))/BC+SE(MS)
FG=FGG

FD=0.0

EA=0.0

EB=0.0

EC=0.0

ED=0.0

EW=0.0

EX=040

XC=0.0

YC=0.0

IF (TRR=1.02) 222,222,223 ]
EA=(34281-11.10%ZM) X (TT-26%TUI*TU/ (TT%0.632456)
EB=(3¢281~11210%ZMI*( (4e36-1520%2ZM) XTRR=62T70+213%ZMI%TU/ (TTATT)
EC=SQRT10.632456/TT)
XC=ECXEC*PRR
YC=EC*SQRT (PRR)
EX=ATAN(XC) _
IF [ABS(XC~1.0)-0.0001) 238,238,237

ED=1.5707963
GO TO 239

ED=ATAN(1.414213%YC/(1-XC)) N L
IF (XCelTo1.0) GO TO 233

ED=3.1415526+ED N o -
236 EW=0+176777#ALOG(( 1o0~12414213%YCHYCHYC) /(10414414213 %5YC+YCEYC)) +
204353554%E0

FD=EAXEX+2 . 0%EB¥EW/LECKECKECY 77

FG=FN(ME)+QZ*(FGG-FN(ME))
FMME)=FG+FD

IF (KCL=-9) 201,224,200
PRINT 12

PRINT 42 4ME+sTRRoXC»YCsEX)FGGy FGy SE(MS)yFNI(ME) ,FM(ME)
PRINT 42,ME+PRR,EA,EB,EC,ED,EW,FDySO(MS)OC

PRINT 12

221

223

238

237

222

224

CONTINUE
IF (KE LT 3) GO TO 97 - e o v e et e+ - © e e mmmm m— e s e e
IF (KF-1) 225,402,402 '~
IF (KH=1) 226,226,502
PRINT 12 T
PRINT 28

T201

225
226

DO 227 ME=1,MX

TK=TR (ME) %#TM
PA=PR{ME)®PM ~ T
FMD=0+434294%FM(ME)
FKD=0<434294%FN(ME)Y
FFK=EXP(FN(ME))

FEMSEXP(FMTMEYY ~ 777 T o
PRINT 22yME,TK.PAsTRIMED ) PRUMED, FKDoFMDyFFK FFM

IF (KE-4) 97,228,228
DO 235 MF=1,MX

227

228




235

401
406
405

402

408

416
4C4

410

-58-

THIMF)=TR{MF)I*TM
PH(MF)=PR{MF)Y*PM . _ L. . . BT . |
ZH(ME)=ZF(MF) ‘
FH{MFY=FM(MF)_
MTPH(MF)=MTP (MF)

FKH(MF)=FN(MF) B L .

TMM=TM ’ i -
PMM=P M

IMM=ZM

if (NC -EQ. 1) GO . TO 501 __ . . .. . . ... e et

IF {KE-5) 401,501,401 !

INDIVIDUAL FUGACITY COEFFICIENTS
DO 404 JC=1,NC o L
KF=1

IF (YS{JCI-049) 405,405,406 _ . . ... ... .. -~ . ... R
EY=-EY ] !
YS(JC)I=YS(JCI+EY

GO 1O 407

DO 408 MF=1,MX
TRIMF)I=TRIMFIRTM/TMM
PRIMF)I=PR{MF)*PM/PMM
FX(MF 4 JC) = (FM{MEI~FH{MFI ) /EY
YS{JCI=YS({ICI-EY o o
TM=TMM ;
PM=PMM i
IM=1MM

IF (YS(JCI=0e9) 404,404,416

EY=-EY

CONT INUE

PRINT 12

PRINT 29

DO 409 MF=1,MX

FS=0.0

DO 410 . JC=1,NC

FS=FS+YS [ JCIXFX(MF, JC)
AUX=ALOG ( ZNIMF) =BV (MF))

FYY(MF)=0.0

FUWIMF)=0.0.

DO 411 JC=1,NC ) _

FY(MF ,JCY2FH{MAF)+FX{MF, JC)~FS

FAlME JCI=UIN(MF)=~1e0)%BU(MF,JC)/BV(MF)I-AUX=—

2(AVIMF) /BV(MF))5(2.0%SQRTIAU(MF, JC)/ AV (MF))=BU(MF, JCI/BV (MF) )%
3ALOG( 1.0+BV (MF)/ZN(MF))

411
409

414

CONTINUE

CONTINUZ

DO 412 MF=1,MX
FDW=Ce434294%FKHIMF)
FDY=0+434254*%FH (MF)

FWEC(1) =0.434294*%FW{MF,1)

FYD(1) =0.434294%FY(MF,1)
FFW(1)=EXP{FWH(MF, 1))
FFY{1)=2XP(FY (MF,1))

PRINT 23 yMF THIMF) ,PH(MF) s FOW, FDY »FWC (1), FYD{ 1) ,FFW(LD ,FFY (1)
ND=NC~1 .
FWC(1)=YS(1)*F4DI(1)
FYC(1I=YS(1)*FYD(1}

IF (NC-2) 413,4134414

DO 415 JC=2.ND
FWO(3CY=04434294%FU{MF, JC)

FYD( JCI=0+434294%FY(MF,JC)
FRCLJCI=FUCLIC-1I+YSJCIXFHD L IC)



415
413

412

501

503

502

507
506

. 5C5

S7
98

S9

-59-

EYC(JCI=FYC(IC=1I4YS{ICIRFYD(IC)
FRW(JCI=cXP(FWIMF, JC))
FEY(JCI=ZXP(FY(MF,1C))

PRINT 24 ,FWD(JCI FYD(ICI FFWLIC) ,FFYLJO)
FWDINC)=0e434294%FWIMF,NC)
FYD(NC)I=0e434234%FY(MF,NC)
FWCANC)=FYCIND)I+YS(NCI*FWD(NC)
FYCINCI=FYC(NDI+YS(NCI*FYD(NC)
FFY(NCI==XP{FY{MF,NC))
FEW{NC)=EXP(FW(MF,NC})

PRINT 25,4FWC(NC),FYC(NC), FND(NC)yFYD(NC)oFFW(NC)'FFY(HC)
CUNTINUE

KF =0

IF {KH-1) 97,501,97

HEAT CCNTENT, ENTROPY

KH=2 '

PRINT 12

PRINT 36

DG 503 MH=1,MX

TRIMH)=T2(MH) +ET

GO TD 504

DO 505 MH=1,4X

TR{MH)=TR(MH)~ET

HT=(FHUAH) =FM(MH) )« TR(MH) /ET
SR=HT=FH(MH)=ALOG(PR(MH))

PLG=ALOG(PR(MH))

IF {KCL-9) 5064+507,506

PRINT 37,4H, TH(MH) , PH(AHY , FHIMH) y FMUMH) y PLG yMTP (MH) y MTPH( MH)
CONTINUE )

PRINT 38,MH, THIMH) , PHIMH) y TRIMH) » PRIMH) ,HT, SR
KH=1 :

IF (KY) 68,58,108 -

READ  1L+(TI(M) 4M=1,6) yKCL yNC yNPC yNS+LAAKEyZY,ET
IF (KCL) 99,101,101 '

STOP

END



30856

T TTSULFUR DICXICE T=0 1-012-0 5 ~0. =0
s02 K AT 430.650000  77.808000 «269700
H P TL DT . LDP . y
~0 2 4 430.650000 92+500000 75.000000
NC T P TR PR 7K IF . LOG FK
1 430.650 715000 1.000 = <964 2476 «449 . =.1680 —
2 430.650 150000 1.000 1.928 <340 278 ~+3814
3 430650 225.000 1.000 2.892 «459 394 <4878
° 47 74304650 300.000 1,000 "3.856 L.575 T L5087 Tel.s4e4 T T 7T ‘
S £€23.150 75000 14215 <964 4803  .809  =.0829
T T 5234150 15040007 1.215 7 1.928 7 614 «601 -41693
7 £23.150 225.000 12215 2892 4584 4568 - 2422 S
8 523.150 300.000 14215 "3.856  «643 «620 -+2510
N7 P TR PR L06 FK ~TLOG EM FK FM :
1 430.650 75.000 1.000 2964  -.1680 -.1749 676 668
2 430.65C 1504000 1000 1928 -23814 -.4109 «416 388
3 430650 225.000 1.000 2+892 =44878 ~—.5286 . «325 «296
4 430.65C 300000 1.000 3.856 ~+5484 =—.5975 283 253
5 523.150 75.000 14215 964  ~-+0829 ~.0694 __+826 *852
6 £23.150 150000 1.215 1928 =.1693 ~-.1568 «677 e 697
7 523.150  225.000 1.215 24892 =-.2422 =.2321 «573 «586
3 §23.150 300.000 1.215 3.856 ~.2910 =.2834 512 «521
NG T P TR - PR AT T SR -
1 4304650 75.000 1000 <964 ~1.9962  ~1.5567
2 430.650 150000 1.000 1.928 -4.6217 ~4+3320
3 4304650 225.000 1.000 2.892 -4.8933 -447381
4 430.650 300.000 1000 34856  -4.8584 ~4.8322
5 5236150 75.000 1.215 964 . =e7323 ~e5358
& 523.150 150.000 1.215 1.928 -1.6987 -1.9940
7 523.150 225.000 14215 24892  =2.3484 -2.8757
g8 5234150 300.000 1.215 ~2+6394 -3.3363
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ETHANE =0 1-012~0 5 -0« =0

C2k6 R PSIA 550.300000 715500000 «285000
H P TL DT DP
-0 3 5 5554680000 180.000000 2000000000
NC T P TR PR K LF LOG FXK
1 553.68C 2000.000 1.017 2.795 452 404 - 4527
2 5594680 4000.000 1.017 54590 <773 745 ~-e5742
3 559.68C 6000000 14017 84386 1.072 1.072 -+5854
4 559¢68C 8000.000 1.017 11.181 1.360 1.386 -e5632
5 559.680 10000.000 14017 13.976 1.638 1.688 ~e5153
6 7354680 2000.000 1.344 2.795 <698 <693 -e1613
7 7354630 4000000 le344 54590 «B819 « 807 ~+2417
8 736.680 6000.000 1.344 8.386 1+024 1.012 -+2570
S 735.68C 8000000 .1e344 11.181 1.235 1.226 ~.2415
10 7365680 100004000 1le344 13976 le44sa 1.439 -+208%
11 9159.680 2000.000 1671 24755 «874 . 385 -e0€S7
12 S16+68C 4000.000 1.671 5.590 «914 .928 -.105%%
13 519680 6000.000 1.671 8.386 1.043 1.052 -e1111
14 6154680 B8000.000 14671 11.181 1196 14202 -.0%68
15 91%+468C 10000.000 1.671 13.976 1355 1.359 -+0704
NC T P TR PR LOG FK LOG FM FK FM
1 555.468C 2000.000 1.017 2.795 ~e4527 —<4789 +«353 332
2 559680 4000000 1.017 5.590 -+5742 —.6124 »267 244
3 555,680 6000000 1017 8.386 ~-.5894 -.6302 257 234
4 559468C B8000.000 1.017 11.181 ~e5632 -—+602¢4 273 «250
S  559.680 10000.000 1.017 13.976 -+5153 -.5508 «305 281
& 7354680 2000.000 1.344 2.795 ~.1613 =~.1546 «690 701
7 735.680 4000000 1e344 5.550 =-2417 —.2374 «573 579
8 739680 6000.000 1e344 84386 =42570 —e2549 +553 556
< 735680 8000.000 1le344 11.18!1 -e2415% -—.2407 «574 «575
10 7354680 10000.000 1.344 13.976 -+2089 =-.2088 <618 <6138
11  S16¢680 2000000 1.671 72.795 " ~.0697 =.0572 - 852 «877
12  S15+68C 4000.000 1.671 5.590 -.1059 =-.0897: . 784 «813
13 6154680 6000.000 1le671 8.386 -.1111 =.0928 «774 -803
14 S15.680 8000.000 1.671 11.181 -+0968 =.0775 « 800 «837
15 G1%.68C 10C00.000 1.671713.976  =.0704 =.0507 «850 «890
NC T P TR PR THT SR
1 55G668C 2000000 1.017 24795 -4.1792 ~4.1044
2  559¢68C 4000.000 1le01l7 5.590 ~4.0692 -4.3801
3 556,680 6000.000 1.017 8.386 -3.9641 -446355
4 555468C 80006000 1.017 11181~ ~3.8482 =~ ~4.8754
5 5594680 10000000 1017 13.976 ~3.6695 -5.038%
"6 735.680 2000.000 1.344 2.795 2104789 T T ~2.1509
7 735¢68C 4000.000 le344 5.590 ~2.0663 ~3.2407
T8 T 736.680 60004000 le344 8386 T =201751 1 ~3.7147
S  735.680 8000000 1.344 11.181 -2+1477 -4.0078
10 T 35.68C 10000000 16344 130976777 =2.0559 0 -4.2126 -
11 9154680  2000.000 1671 2.795 ~e 6884 -1.5846
127 619.680C 4000.000 1671 54590 ~1.123% ~2.6382

N
w

G15.68C 6000000 1.671 8.386  -1.3011 =3.2140



1
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"
£

51S.6830

3000.000

G1G«68C 10000000

6P -

1671 11.181
l.671 13.976

"~ 1e3509

~1«3338

—-3+5866
~3¢8544
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UTANE
BON CIOXIDE
LIl -

E_FRACTIONS
«1000 .9000

T
555.68

v
559.68C
5554680
555.680
§56.68C
 559.680
735.680
735.6380
7359.680
739.680
735680
515680
515.68C
$15.680
$15.680
$15.680

T
555.680
559+680
559.680
£59.68C
5594680
736680
73G.68C
739.680
739.680
73G5.680
519680
6156380
9154680
$15+680

-63-

<0 2-012-0 6 -0. -0
R PSIA 7654310000 550.810000  +274000
R PSIA 547.490000 1070.160000 «274600
TIM PM ™
. 567.408745 946.933179  .274540 _
ot P _ 5
0000 180.000000 2000.000000
P TR PR KT IF LOG FK )
2000.000 +986 2.112 <358 «304 -¢4253
40004000 eSB86 44224 617 «564 ~e5874 i
6000+ 000 <986 64336 860 «814 -e£347 i
8000.000 986 Be448 1.091 1.055 —+6384
10000.000 86 104560 14315  1.288 -«6150
2000.000 04 2.112 «696 <693 -.1415
4000.000 1.304 44224 713 «702 ~+2385
6000.000 1.304 64336 <865 «846 -2
8000.000 1.304 8.448 1.030 1.011 -.2842
10000000  1.304 10.560 1196 1.177 -.2735
2000000 1.621 24112 «875 -898 -+0624
4000000 1.621 44224 ~ 859 888 ~+1052
60004000 1l.621 6.336 933 «960 ~e1248
80004000 1+.621 8.448 1.042 1.063 -.1268
10000.000 1.621 10.560 1l.163 1.178 ~el171
P TR PR LOG FK  LOG' FM  FK FM
2000.000 986 24112  -e4293  -—.4654 . 372 342
40004000  +986  4+224 ~453T4  =46400 «259 «229
6000000 ~ <986 6.336 -.6347 T -.6961 «232 +201
8000. 000 2986 Be448 ~e6384 =.7049 «230 197
10000000 986 10560 ~.6190 -.56887 «240 «205
2000.000 1.304 2.112 -.1415 =-.1286 «72:2 e T44
4000.000 "1.30%  4.224 T ZU2385 T -.2275 «577 592 )
6000.000 1.304 6336 =-.2771 —.2688 528 «539
80004000 1304 84448 ~+2842 -.2733 520 527
100004000 14304 106560 =~¢2735 =.2695 +533 +538
2000.000 1l.621 2,112 ~~.0624 -.0418 - 866 «S08
4000000 1621 4.224 =.1052 =.0767 «785 «8338
6000.000 1.621 64336 -+1248 -.0912 + 750 .811
80004000 1.621 B.448 =.1268 =-.0902 747 812
10000000 1621 10560 -+1171 =.0738  +764 834

G1S«68C



NC T
1 555.680
2 559.68C
3 559.680
4  559.680
5  559.680

& 735.680
7 739.68C
g€  135.680
S 739.680
1C  735.680
11 $15.680
12 S15.68C
12 515.680
14 $15.680

15 Sl€.68C

T
559.68C
555.680
555468C
55546 8C

5564680
735.680
7352630
73526380
1354686
739.680
$15.680
$15.680
13 515.680
147 's15.68C
15  919.680

NN D WO

!
|

[
Nr—-O WD

MOLE FRACTICNS
17.5066 <5000

o
|

p
2000.000

4000000

6000. 000

8000.000

10000.000

2000.000

4000.000
6C00.000
8000.000
10000.000
2000+ 000
4000.000
6000.000
8000.000

10000.000

P
2000.000
4000.000
60G0. 000
8000.000

10000.000

2000.000

8000. 000
100004000

2000.000
4000.000
6000000 1

8000.000

10000000 |

4000.000

6000.000

~6h-

LOG FuW LDG FYY LDG FW
—e4293 —.4654 -1.2476
—e4293 -.4654 -+3383
~e5874 =+6400 -1e3142
~e5874 -46400 =.5067
-e$6347 “06961 ~1e2535
—e6347 =46961 ~e5660
~+6384 —47049 ~1le1458
—$6384 ~.7049 ~-<5820
~e6190 =-.6837 ~1.0142

~+6190 =-.6887 -+5751
—+1415 -.1286 ~+4461
—e1415 =.1286 =-+1076
~2385 —42275 =-e6386

—02385 --2275 ‘01941
~e2771 -—42688 —+63064
-e277T1 -—+2688 =-.2372
—e2842 ~¢2783 -+5759
~e2B42 =—,2783 -.2518
~e2735  =.265% =-+4890
—e2735 =.2695 -2496
—e0624 =—+0418 -+1963
—e0624 =e0413 ~.0475
-.1052 =-.0767 =-.3056
-«e1052 =.0767 -.0830
-+1248 =-.0912 =-.3216
~e1248 -.0912 =~.1029
~e1268 =40902 =+2870
~e1268 -.0902 -+1090
~el171 =+0788 =.2265
—e1171 -.0788 =-.1050
R TpR < - -ﬁ7.wﬂ.

«986 20112 =4.3476
«986 4.224 T -4.3073
986 64336  =4.3426
986 Ba448 -4.2222

2986 104560 -4.0976
1.304 2.112 ~143451
10304 44224  =241702
1.304 6.336 -2.4031
1.304 8.448 =2.4556
1.304 10.560  -2.4354
1.621 2.112  =.6054
1.621 4.224 ~1.1116
1621 64336 =-1+4005
1.621 8.448 ~1le5524
14621 10560  ~1.6232

LOG FY F
—1.3649
~e3655
~1.3934
-e5563
~1.3467
~.6238
~1.2353
- 6460
-1.1015
- e6429
— 4546
- 0924
-.6671
-.1787
-e6794
-.2232
06244
—.2398
—e5410
-+2393
-.1740
-.0271
-.2850
-.0536
-e3094
-.0669
~2859
-.0685
~.2350
-.0615

"SR
~4.0236
242745
~4.5361
—447329

W

«057
«455
«049
«311
«G56
«272
«071
«262
=067
«266
«358
+«780
«230
« 640
«231
«579
«266
«560
«324
«563
«5636
«8396
<455

" 826

«477
«789
«516
«778

+594

«785

-4.8685

~1.7966
 =3.0871
<3.6305
_-3.9487
-4.1720
~1.2569
~2.3757
=3.0369

-3.4786
Lo3e.7988

FY
«043
«431
«040
«278
045
«238
«058
«226
«079
«223
.351
«808
«215
«663
«209
«593
«237
«576
«283
«576
«670
« 940
519
«884
«490
«857
«518
«854
2582
-868

~
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™ PM ™M
654.911539 689.357782 274300
H P TL 0T oP .
3 § 5564680000 180.000000 2000.000000
T p TR PR K 1F LOG FK
555.680 2000.000 +855 2.901 o447 413 -.7566
£6G,63C 40004000 «B55 54803 832 «789 ~+9106
555.68C 6000.000 .855 8.704 1.193 l1.143 ~+$106
559,680 8000000 «855 11.605 1+541 1.481 -~ 8656
555.68C 10000000 _ +855 14.506 14879 1.804 -e7574
7394630 2000.000 1.129 2.901 «518 «489 -.3184
736.680 4000.000 1.129 5.803 796 765 -e4271
736.68C 6000.000 1.129 8.704 1.073 1.048 ~e4401
735.68C 8000.000 14129 11.605 1.341 1.322 —e4149
735.68C 10000.000 1.129 14.506 1.601 1.589 ~ 23657
$16.68C 2000000 1.404 2.901 e 741 . 747 -.l411
19.680 4000.000 1l.404 5.803 «850 - 845 -.206%
$16.68C 6000.000 1.404 B8.704 1.048 1.036 -.2204
$16.68C B8000.000 1.404 11.605 1.255 1.241 -.2022
$19.680 10000.000 1404 14.506 14460 1o 447 -e1675
T P TR PR LOG FK LOG FM FK
559.680 2000.000  «855 2.901 ~+7966 -e9234 «160
$59.68C 4000.000 «855 . 5.803 -e9109 -1.0494 «123
559.680 6000.000 <855 B8.704 -+9106 ~1.0572 .123
5564680 8000.000 «855 114605 -e8656 -1.0190 <136
55G468C 10000000 +855 14506 ~e7974 ~aG9572 - 156
735.680 2000.000 1.129 2.901 ~.3184 =-.3207 « 480
735.680 4000.000 1.129 5.803 ~e4271 -.4387 <374
736.680 6000000 1.129 8.704 -+4401 =.4567 363
739.680 8000000 1.129 11.605 -e4149 -e4343 -385
736.68C 10000000 14129 14.506 -+3697_  =+3905 427
G15+680 2000000 14404 2.901 ~e1411  -.1244 «723
$16.680 4000.000 1.404 5.803 ~+2099 =.1526 e617
$15+68C 6000000 1.404 8+704 =~e2204 —+2047 602
515680 B8000.000 1.404 11.605 -+2022 —.1880 +628
615.680 10000000 1404 14506 =cl679 ~ =Ji850  «679
T P LOG FWW LOG FYY LDOG FW LOG FY FW T
559,680 2000000 =oT7966 =.923%4 -1.2583 =1.3745 « 055
oy o7 L7966 <.9234 =0U3350  =.4724 « 462
559.680 4000000 =e9109 ~1e0494 -143157 —1.4473 048
o T =e9109 T10049% T-.5061 —.6B15 7T 312
559.680 6000000 —e9106 -1e0572 -12561 -1.4038 « 055
T © 9106 ~1.0572 T-.5651  ~.T7106 ‘«272
559.68C

8000.000 -+8656 -1.0130 -1.1511 =1.3139

=071

FM
«119
-085%
088

 .0%6

0110
478
<364
" 349
«368
«407
.751
«642
624
«649
«700

FY
«042
«337
«036

o
«039
«195
2048
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11
12
13
14

15

el N R R L =]

H P
35

559-§80
73S.680
759-680
73G.68C
739.680
739.680
$15.680
G15.680
S1S680
919.680

915.68C

T
5594680

" 553.680

559+.68C
559680
5554680
13S+68C
739680
735.680
73%.680
735680
G1G680
S15.680
91G.680
515.68¢C

915.680

_MOLE FRACTIONS
~07<90CC <1000

TL

¥

1 559.680 2000.000
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=550 .

487

~eB8656 ~1.0190 =+5802 =-.7222 263 «190
100004000 =¢7974 =¢9572 -1.0225 =1.2062. « 065 <062
~e7974 =49572 =-.5723 -.7083 «268 2196
2000.000 =+3184 =.3207 =¢5784 =-+6086 0264 246
—e3184 ~o3207 -.0583 <-.0327 <874 «227
40004000 —¢4271 =~e4337 =-.06709 =.7135 213 «193
—e4271  —e4387 =-.1832. -.1639 <656 636
6000000 =.4401 =e4567 =e6464 =.6951 . 226 202
~e 4401 =o4567 -¢2337 -e.2183 «584 <605
8000000 =+4149 =.4343 -.5792 =-.6300 264 234
| —ed4l49 =.4343 -.2506 =.2386 «562 577
10000+000 =-+¢3697 =~+3905 =-+4903 =.5413 «323 283
—e3697 ~¢3905 ~e2461 =—+2397 564 «570
2000000 =o14l1l =e1244 =~o2642 =.2575 544 553
~e1411 ~e1244 -.0179 «0088 «960 1.020
4000000 =e2099 =.1926 =~43560 ~—¢3594 «441 «437
’ T =e2099  -.1926 -.0639 ~.0259 863 942
6000000 =—42204 =42047 =¢3472 =-.3576 «450 439
—e2204 =e2047 ~+0937 =-.0517 - 806 -883
80004000 —e2022 =e1880 =¢2999 -3149 «501 434
~e2022 =o1880 -e1044 =—.0612 «TE6 «869
100004000 =41679 =~+1550 =~.2331 =.2507 585 «561
~e1679 ~41550 =.1026 =-.0594 790 872
P TR PR HT SR
20004000 +855 2.901 ~ -5.6091_ ~4.5479
40000000 855 54803 -5.5314 -4.8734
6000.000 «855 - B4704. ~5.4416 -5.1711
80004000 855 11.605 -5.2847 -543897
10000.000 «855 14.506 -5.1889 -5¢6594
2000000 1e129 2.901 -3.0106  =3.3374
4000.000 1.129 5.803  =-3.2950 ~4.0432
60004000 1e129 8.704 ~3.2857 ~443979
8000.000 1.129 11.605  -3.1778 -4+6293
10000.000 1.129 14.506 -3.0261 -4+8014
2000000 . 1.404 2.901 -1.3602  =-2.1390
4000.000 1.404 '5.803 " =1.9824  ~-3.2971
60004000 1.404 8.704  ~2.1324 -3.8249 i o
8000.000 14404 11.605 -241290 414175
10000.000 1.404 14.506 = -2.0601 = =4.3777
e T
. 1434528451 571.298732 = 274060 e
LY Lobr o DP oo ‘
559.680000 180.000000 2000.000000 ’
P R T R T TR T TRE B B} __"!
2753 3.501 ~1.1667

o —— = ———— = e ———— e m—

-~



woaensw N

(e gt o]
[C N PN NS -

O@m~tovmbWpN=O

f¥e)

10

£5%946 80
559.680
559.680
55946 80
735.680
739.6830
736.680
7354680

- 73%.680
615680
515.680

5154680
516.680
519.680

T
559.680
55S.68C
£59.680
559.680

'553.680

73G5.680
73%.680
73S68¢C
73%.680
735.680
5154680
G19.63¢C
S1G.680
$15.68C
S1S.680

T
5564680

5594680
5594680

5554680

559.68C

73S.68C
739.68¢C
73S.680
739.680

736.68C

4000.000

6000.000

8000.000

10000.00Q .

2000.000

4000.000

6000.000

80004000

'10000.000

2000.000

4000000
6000+ 000
8000.000
10000.000

[
2000.000
4000.000
60004000
8000.000

10000000

2000.000

4000+000
6000+ 000
8000000
10000.000

2000.000

4000.000
6000.000
8000. 000

10000.000.

P
2000.000

4000.000
6000000
8000.000
10000.000
2000.000
4000000
6000.000
8000.000

10000. 000
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753 7.002

. #753 10.502

+753 .14.003
2133 17504

<995 3.501
«995° 7.002
«995 10.502
<995.14.003
-995 17.504

14237 3.501

1.2377 7.002

1.237 10.502

1.237 14.003

1.237 17.504

TR PR

753 "3.501 -1l.1667
-753 _7.002 -1.2350
¢753 10502 -1.1872

<753 14003
«753 17.504
«995 3.501
«995  7.002
2995 10.502
«995 14.003
2995 17.504
1.237 3.501
1.237 7.002
1237 10.502
1.237 14.003
16237 17.504

LOG FWW LOG FYY
~1ls1667 -49619

~1.1667 -.9619

=1.2350 -1.0562

~1e2350 ~1.0562

~1e1872 -1.0332
-1.1872 -1.0332
~1.0945 =-.9652
-1.0945 -—.9652
~+9783 —eB8743
“e9783 =.8743
~e5382 =~.5378
-+5382 -.5878
—~e 6249 =+690%
~e6249 —a6905
-e6061 =e56785
~e6061 -~.6785
~e5467 -.6221
—e5467 =-.6221
~e4663 -45431

.=286

1-048 -933 _"102350
14523 1.352  ~-1.1872
1.982 1.752 =1.0545
2432  2.137 -.9783
«532 c4Th -+5382
+931 + 885 -e6249
14304 1.274 -<6061
1662 1e644 -e5467
2.009 1999 -~ %663
.. =632 _ _«615  =—2582
<911 - 887 -+3335
1.206 1.185 -+3248
1.494 1.478 -.2818
1.775 le 764 -+2208
LOG FK  LOG FM FK FM
-.9619 « 068 «109
-1.0562 «C58 088
-1.0332 <065 «093
=1+0945 ~e$652 . 080 «108
~.9783 =.8743 »105 134
~+5382 -.5878 +290 «253
~e6249 —e6905 237 204
~e6061 —.6785 +248 210
~e5467 -.6221 284 239
224663  —e5431 =342
~.2582 -e2523 «552 «559
-e3335 =+3341 464 «463
~e3248 -.3294 o473 468
-.2818 -.2888 523 514
-+2208 . -.2291 «601 «590
LOG FW LCG FY FW FY
-1¢2594 —1.0880 « 055 .082
~+3328 .1728 465 1.489
-1.3160 -1.1788 <048 =066
“.5056°  +0475 312 1.116
~1.2564 —1.1522 055 <070
-.5643 L0370 273 1.089
-1.1518 ~1.0802 «G71 .083
-+5788 <0693 . 264 1.173
-1.0236 =-.$850 « 055 «104
TEUST01 T L1222 « 269 1.325
~e5950 =-.6504 254 224
~e0267 -—.0244 + 940 «945
~e67648 =.T441 .211 « 180
-«1754 =-.2084 «668 «619
~a6478 =—47230 «225 .189
TAU2309 0 -.2776 ".588 «528
-e5797 ~-.6579 «263 «220
-e2495 =43000 +562 +501
-44905 =.5704 323 «269
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S15.680

194680
619.680
1 ©15.680

515.680

T
5552680
5564680
559.680
55946 8¢
559.680Q

' 73%.680
.. 13%.680
736.680

739+680

- 739.680

§1S.680
$16.68C
$19.680
519.680
S15.68C

TTEL4683 =a5431  ~a2486 =.2970 .564
2000000 =.2582 =42523 =+2915 =.2889 511
' T -.2582 -.2523 -0417  .0773 1.101
4000+000 —«3335 =-+3341 <~3657 -.3708 = <431
~e3335 =e3341 =-.0441 -.0038 +503
6000.000 =.3248 -.3294 -+3514 =«3605 « 445
-+3248 =~43294 =.0850 =.0502 -822
8000.000 -—.2818 -~.2888 -.3020 =-.3133 _ .499
-.2818 =.2888 -.1001 -.0684 - 754
10000000 =42208 =.2291 =e2342 -.2466 _ +383
~e2208 =<2291 =.1004 -.0715 «75%
P TR PRUTTTTTTTHT TSR
20004000 753 3501 = =9.2259  =8.2640
4000.000 753 7.002 =9+5309 ~9.0451
6000.000  .753 10.502 _ -9.7802 . -9.7527
8000000 +753 144003 -9.9842. =10.4009
10000.000 753 174504 -10.1486 =-10.9979
2000.000 995 3.501 ~4+4310 -443306
4000.000  .995 7.002  -4.1817 = -4.5378
6000.000  +995 10.502 -3.9756 ~44 7649
8000.000 995 14003  =3.7673  =4.9741
10000.000  .995 17.504 ~3.5625 -5.1745
2000.000 1.237 3,501  =-2.3663  ~3.0384
4000.000 1.237  T.002 -2.7244 ~3.9012
6000.000 1237 104502  -246917 = =~4.2848
8000000 1.237 14.003 -2.5582 -4.5325
10000000 14237 174504 = =2.3815 =4.7163
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, ''person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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