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UCRL-19011 

COMPUTER PROGRAMS FOR AN IMPROVED EQUATION OF STATE 
(ES68z AND ES68M) 

* Otto Redlich and Victoria B. T. Ngo 

Inorganic Materials Research Division, 
Lawrence Radiation Laboratory, and 
Department of Chemical Engineering 
University of California, Berkeley 

Mayl969 

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 conipressibili ty 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. 

"' r .... 

* Preseni: address: Shell Development Company, Emeryville, California. 
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The improved equation of state described in UCRL-19010 requires 

automatic computation. Two separate programs have been developed. 

ES68z is able to compute experimental compressibility' factors from 

PVT-da.ta. of any kind; in addition, it all01;1s for a. very flexible T-P , · 

schedule. But it is restricted to p~re substances (or miXtures of fixed 

composition with prescribed parameters) and it computes only compres­

sibility factors. 

ES68M computes compressibility factors, fugacity coefficients, 

computes parameter combinations and also individual fugacity coefficients 

for mixtures, and computes enthalpy and entropy. It is restricted to 

equidistant pressure values on arbitrarily selected !isothermals. · 

f:. 

, 



l. 

ll. 

The Program ES68z 

General Scope 
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The program ES68z - Equation of State 1968 - can be used for the 

computation of the compressibility factor Z = PV/RT for pure substances. 

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 D!. It consists of the main 

program ES68z and the subroutine VIETA. 

The main program ES68z can be divided into four major parts: (l) 

Input and Preparation, (2) Main Cycle, (3) Approximation Cycle, and (4) 

Results. 

The data cards to be introduced are: (l) the Title Card which states 

the title of the problem. The integer KCL controls intermediate quan­

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 substance) 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 approxirna.tion 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 

number of pressures of the amounts 2PL, 5PL, lOPL, 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 and NOP) does not 

exceed 500. Any positive value for KS in the schedule card means that 
' 

another schedule card follows. The last schedule card carries KS = 0. 

Calculation for a new substance can be prescribed simply by adding a new 

complete set starting with the Title Card and so on. A card containing 

KCL = -1 will terminate the computation. 

The data are to be given in arbitrary but consistent absolute units 

throughout, e.g., all temperatures in °K or 0 R, and pressures in atm, 

psia, etc. The output is given in the same units. 

The program can also be used for computations starting from the 

reduced variables T and P • In this case, both T and P are set at 1 r r . c c 

and T and P are introduced wherever T and P are prescribed. 
r r 

The subroutine used in this program is VIETA-MODIFICATION 4 to solve 

the general cubic equation. This is a. modified version of a SHARE routine • . 
The solution gives any of the three cases: two equal roots (MTYPE=O), two 

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

12. Outline of the Program 

The first part (addresses 101 to 199) takes care of the input 
J 

and assigns a point number ME to every experimental value ZE and the 

corresponding values of T and P as prescribed in the T-P schedule. 
r r · . 
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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 T > l. In this 
r 

case also the deviation function DC is computed and added. 

The last part (addresses 401 to 499) takes care of the main output 

and of the return to a new problem. 

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

coordinated. 

Symbols Symbols 
in Program in Text 

AC A 

AK Ak 

BC B 

BK Bk 

D v /v c 

DC ZD 

GG G 

GL L 

PA p 

PRR p 
r 

QZ cl2 

TK T 



13. Input 

1. Title Card 

Column 

2-37 

38-39 

40-41 

TRR 

TT 

u 

UF 

UG 

v 

VF 

VG 

w 

WA 

WB 

WF 

WG 

ZF 

ZFK 

ZG 

ZGG 
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T 
r 

T 3 
r 

c5 

clO 

ell 

c4 

cs 

cs 

. cl 

c2 

c3 

c6 

c7 

z 

ZK 

z 

~ 

Title of the problem. 

KCL = Print intermediate quantities: 0 no print 
9 print 

MCL: Experimental data 
If MCL = 0: no data; 

MCL > 0: data. 

... 1 termination 

,r, 

~: 
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t'li1 

1,., 

42-43 

44-53(4 dec.) 

54-63(4 dec.) 
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If MCL = 1, data are given as z, but 
if MCL > 1, data are given as PV, 
or volume, or density. 

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

WOM: molar weight (if required for the computation 
of experimental z). 

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 = 0 

when the data are given as z. 

Units MCL WOM 

for P for T for volume 
or density 

atm OK amagat 2 0 

atm OK cm3/g 23 MW 

atm OK g/cm 3 21 MW 

atm OK lit/mole 23 0 

atm OK moles/lit 21 0 

mmHg OK lit/mole 3 0 

psi a OR cu ft/lb 33 MW 

psia OR lb/cu ft 31 MW 

psi a OR cu ft/lb-mole 33 0 

psi a OR lb-mole/cu ft 31 0 

2. Experimental Data (only if MCL ~ l) 

Insert any number of cards up to 499· 

Column 

2-10(4 dec.) ZE: Experimental value of z or PV or volu.rne or 
density. No card with ZE = 0 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 

4. T-P Schedule Cards 

Column 

' 3-4 

5-6 

7-8 

9-20( 6 dec. ) 

21-32(6 dec.) 

33-44(6 dec.) 

45-56(6 dec.) 

Name of the sub stance. 

TC: critical temperature in any absolute units. 

PC: critical pressure in any absolute units. 

ZC: critical compressibility factor. 

LAA: number of approximation cycles; 
if LAA = o, computer sets LAA = 40 
if LAA > 0, computer sets number of approximation 
cycles LA = LAA + 10. 

KS: control 
KS > 0 indicates that the schedule card is to be 
followed by another one, while 
KS = 0 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 = -1: pressure schedule is PL, 2PL, 5PL, 10 PL, 
etc. for NOP pressures. 
DP = 0: schedule is given by PL and the following 
NOP-1 additional pressure cards. 
DP > 0: pressure increment for NOP pressures in the 
same unit as PL. 

5· Additional Pressure Cards 

NOP - 1 cards (only if DP = 0). 

I 
I 

~I 
! 

I 
!' 
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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 cycle. If KCL = 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 (c12 ) for 

supercritical temperatures" The value ZFK obtained by the equation of 

Redlich and Kwong is given, then the experimental value ZE. The following 

column contains the value ZGG obtained by the solution of the third order 

equation modified by the functions L and G. The value ZG is obtained 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 the Title Card. It is 

followed by the Substance Card and the T-P Schedule Cards. 

If the solution of the modifie,d cubic equation is not obtained within ., 
" 

0.0004 (in z) after LAA approximation cycles, the computer prints (Format 

17) the nurnber ME of the point, the number JA of the approximation cycle, 

the phase distribution MTYPE of VIETA (-1 two phases, 0 critical, l 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. Each table starts with the following heading: 

ME Number of the point for each proplem. 

TK Absolute temperature in °K or 0 R. 

PA Absolute pressure in atm, psia, etc. 

TR Reduced temperature. 

PR Reduced pressure. 

ZFK Z obtained according to Redlich and Kwong. 

ZE Z observed. 

ZF Z calculated. 

DF Difference between ZE and ZF. 

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

line for a second phase. 

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

ZE Z observed. 

ZS Z for the second phase computed by the present modified equation. 

DS Difference between ZE and ZS. 

If the final results from the computations do not converge within the 

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

nQmber 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 from the calculation. 

Number Quantity 

ZF, ZS 

Reason 

LA cycles do not satisfy the 
tolerance of o.ooo4. 



Number Quantity 

9.1 ZF, zs 

9.2 ZF, zs 

9·3 ZF, zs 

9·5 ZSK 

9·9 zs 
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Reason 

ZFK < 0. 

ZC (as given in the input) 
> o. 333· 

only one phase is obtained 
from the equat,ion of Redlich 
and Kwong. 

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 solutions for z. If the equation 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 phase. 

The present program does not give an indication 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 higher for 

the metastable phase). 

17. Convergence 

The computation of Z from the modified.cubic equation is carried 

out by a step-by-step approximation with a damped feedback. The calcula-

tion stops either after 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. 



-12-

More cycles can be prescribed if desired. The computer prints out the 

intermediate quantities for the last 10 cycles. As mentioned in Section 

44, 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 nUillber 9.0 is printed out instead. 

To start the cycle, the Z value obtained from the original equation 

of state by Redlich and Kwong is used for the first approximation. 

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-but-one result) is increased if the last 

two changes of the resul:t 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 acentric factor 0.0 

Benzene (Sage and Lacey, 1955) 

1-Butene (Sage-and Lacey, 1955) 

n-Nonane (Sage and Lacey, 1955) 

Sulfur dioxide (Kang, 1961) 

Hydrogen sulfide (Sage and Lacey, 1955) 

Am_rnonia (Beattie and Lawrence, 1930) 

Carbon dioxide (Sage and Lacey, 1955) 

~~ 
! 

~I 
I 
I 

i 
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Helium (Landolt and Boernstein) 

Xenon (Beattie, 1951) 

Hydrogen (Landolt and Boernstein; Bartlett, 1927) 

Oxygen (Michels, 1954) 

The critical constants T , P and Z for each substance are either 
c c c 

obtained from the quoted source of the data or from "International Critical 

Tables (1926-1930) or "Selected Values of Properties of Hydrocarbons and 

Belated Compounds." 

The arrangement of the output tables has been discussed in Section 45. 

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 Z in Pitzer's Tables are 0. 288 and 
c 

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. It is advisable to replace any output by a proper com.rnent if 

both. T and P are between 0. 995 and l. 005. This has been avoided in the 
r r 

program so that the effect is demonstrated. 

C. The input data result in T < 0.721, excluded according to 
r 

Section 25. 
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----- ·-- ---Pt-<OGRAr·i Eso~z< INPUT, oUTPUT,-------·---~----------------- . 

C~S~8 EQUATIUN OF SlATE 1968 . 13 SFPT 1968 
--DiiiEI<Sior, --1 f !6-l ~SUB !4l ,i>.T4·i-~f.(4);-i[c-si5o> ~P(500l, TR (50!ll·;,PR cso·o;-~. 
2Z F 1'\ ( ') 0 0 ) t Z S 1\ ( 50 l• ) t l F ( 50 (l ) t l S ( 50 C ) t Z C. ( ~ 0 0 ) t X ( 3 ) t Y ( 3 ) t Z A ( 5 (•I) ) t 
3Zc•i>t--oo"l" ------- -----------------.----- -- -- -- -· ·- - ---- -

11 f04~AT (1Xt6A~t3l2t2Fl0,4) 
---~ 2--Fr)f<r:~A-T --iilil _______ · ---- ----------------------------------

13 F0k~AT (}Atf9o4) 
--i4-·f'nf:;I.~A T -~-~£~AS ~j;;t;·;-3"F}2;f;-;-f2> 

15 F0RMAT !?Xt312t4f)2.6l 
--i,; f'cRi~AT-- -~ 1 9x ,F- 1 z-~,;r·- ----

17 FO~MAT (1Xt3l3t7H 1ST tbf9.4) . ----t"e -f(-.ih-P.r--(tx ~ fJ,2Fl ci~-4 ,3-iF'9-~3,F7~-j,-,-------------------- ---- · 
19. f('R!'AT (.:(•X,;: !F9o3tF7.3)) -------------

---2(; .. Foi:.i<.~:~ ,-:-( l X~- 13 • 9F6.3 tFl2,-4"i 
21 F0RMAT !72~ NO T - P TR PR Z~ ZEX -----?P"- --ic.4-L_c ____ oif:F"Ii> _______________________________________ _ 

------- --------- ----- ·-

__ _l_r.J __ r'-:·=1 _____________________ -______________ -·---------------- ---
1·-,S REAU 13tlt::!r-El 

______ 1 F ___ ( ZC: (_!~ E]j __ !~ 1 ~_1_()_6_,)_3)________________ _______ _ ______________ ------------- __ 
131 r~r=~it:+l 

________ G_Q _ _:ro __ _l_i!_5 ________________________ _:_ ________ c ___ --------·--·--- __ _ 

lr:6 r-~z=~'t:-1 

---- __ 1F: __ !!-;CL:-_2_)_l_C_4_t __ l __ t_7_t_l_!)_~-----~---------------·------~------·----·------------- _ 
1 (:7 ~~'/0:1) 

G<.) TO l•j4 
----1,.!1-·R·~=o·~ o-i·b-c 37_______ ----------------------------.--------- ---· 
_______ _It_ _ _(_ i~!i4) __ 1_3?._!_1_32 ,_133 _______________ ~------'------- ---- -- ----------- -----------

132 1'(''~=1· 0 
__ 13~ _(ON_T I I~IJE: ________________________________________ ..:._ __ ----- -·- -----------

~~lil!=-1 
IF (:-lCL-21 l lt:4t l09tl C9 

--y,:9·-~·,itl=22-'·ic·L ----- --- - - --- ----------------------------------------

_____ IF _<::0:-1-l! C_LlJ!'!_p_n,_)_l_i__ ____________ . _______________________________________ _ 
})r; R>==12o1871 

Go Til 11? -11T. "',,;,.< 612 i~'ii----------------------------·---------- --·--------- ----
_____ 112_11"_ J!:lCL-:~1 J ___ 1_''"-•1)3, 1 i_3 ___________________________________________ _ 

113 ~w=~.D93}84 · 
M• li:32-MCL · --------1,;4 6:>~irt;,iuE.- · -----------------------------------------------------

----- RH·~! __ _l~_,_l?lld_(r'l_)_ t>1: lt 4_), TC' PC, zc, LAA·------·-----------------·-----· 
!-'HINT 14t !SU~IM)tM=ltul,lCtPCtZCtLAA 
PP}NT i2 

-------ij_-:zc<>Lc/-.:~2-599-2T06 ___________ _ 
b~=~.c5~92lc.o~zc -----K-,;; ~--- --- ------ .... ·-·--------------;--------------------------·- ---------------
"'l(:r-

--~-14"ki.-io is-:~<s ~ Hl r;-r~ui>~--rc;·;; -r ;-F>t_· ;oP------------------------~------· --
______ 1-'P.l~!T __ 1" ,KS.I,OT ,~10P, TLt !)T ti:'L ,C>P ________________ ~--------------------

P!1):,:>L 
___ JP=2. ----------------------------------------------- -----'-· 

1F (ill") ll">tll!--•117 

... ,, 

~--



('.t' 

I~ 
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115 PI JPJ =P ( JP-ll *2 • 0 ____ ---------- ________ -----·------------
JP=JP+l 

-------- ___ IF (JP-:~OPl ll8t 11!;,119 ... -------------------------·--·---·---. 
llb F!JPl=PrJP-11*2•5 

----.---·- J!'=JP.+l. _______ -----------------------------------------------------------· 
IF (JP-r..;oPl 1Utl20 9 ll9 

__ 120 _ P.!JPJ =P IJt-'-1 l _*2 • (!__ ________________________________ -------------

JP=jP+l 

--·-- __ . 1 f _! JP.-i~:_.P l _ 115.,_115 t119 .. ·--------------··------------·---···-··-·--
121 REAO 16,P!JPl 

________ P8 I NT __ _l 6, I? ( JPL. ---------------------------------- . 

J•'=Ji>+l 
______ .116 IF __ (JP-~!Qf>J_l21 t 121, 119. ______________________________________ _ 

117 P!JPl=PIJP-J)+uP 

-I 
I 

---·- JP.=JP + 1-------------------------·--------__;_---~------------ _____ _ 
IF (Jf'-NuP.) 117tl17tll9 . 

____ Jl_9 __ C()t>!J!Nl/E. ___________________________________________________ _ 
00 122 Jl:l,!'IOT 

__________ 1-<T=FLOA.l (JJ.)~l· 0------------------------------------ __ _ 
lJO J 23 J0: l • i~OP 

_______ YE="X+( J1-l) IH;('·P.+JQ ______________ --------------- ------------
Twi~El=llL+HT*Ofl/TC . 

__________ P_i:<J::"f.l_=_P(_J~J_l/PC ______ . _______________ --------------------- ___ _ 
123 Crofq}NUE: . 

______ .122 __ CC~Trr~uE ______________ ~-----------------------·---------. 
J-1 ;..:•-.;:>; +J•O Jl>r~OP 

------ .lF. !f-Sl ... l/.4-, l24t 125_·------·-·----------·---------------·-----··- ... 
125 k:K+l . 

_________ GO ... JO .. ll4 ______________ ~-------------------------··-
124 IF ILAAl 1Z6ol26ol27 . 

___ 126_ Lf.A:~o(l _________________________________________________________ ---··--· __ _ 
127 lt.=LAA+lr. 

_______ IF_ 1'-•Z-::·L>d .12e• i29tl29---------·---·----·-----------· -------------- __ _ 
128 ML=~Z+l . . . 

______ D_o_ }3'l_ ~1E::~~L.t_~__x-'------- __ , __________________________ ... _ ... ___ . 
13r. ZFI'·,F.:l=o.o 

__ _1 2 9 __ Cil!".Il.t.'<IJE _ ----------------------- ______ ----· _. ____ ·--------·---·· ___ _ 
Acll=l.o 

________ _f. ( 1): 1o_Q _____________ ...:_ ______________________________________ _ 

E!2l=-l•O _________ P_e I~·L 1_2 ________________ . _________________ , _____________ _ 
c 

__ C ________ I•':· Ill! _c.YCLE ____ _ ---'--- ____________ ,. _____ --- -·-·· - -- -

l•O 2·'1 l·1E=l ,;.;X 
_____ .l_FR:TR (1-'E.) 

TPS=S,;KT cTt<Rl 
______ 1 il=T_Kt1-:-l. 0------------------------------------------------ .... ·······--- _ 

F'Rk:Pk ( ~--~: l 
____ ---· I r::_ _( :-•CL-:2 l ... 202 • 203 '20_4 _____ _ 

2f3 Z~<~tl=lEIMEl•273ol5/ITR~0 TCl 
C•O TO 20~ 

--2-,~~.- -IF-- ~-;,·vu > -- 20;-;-2 r. 3 ;2-o&--------------------------
_____ 21~6 _ ZE < r-'E l =1. ·)IZE It·' E. l_ __ _ _______ ______ _ ______________ -------------

205 ZFI~~l=RR 8 d0~~ZE<~El•PRR 0 PC/(TRR•TC) 

202 CNH JfJUE . --- - QjN;,l•O --------------------------------------------- ----------· 

_____ IF:_ ( Tre"'-1 • ;~21 ... 2 .)9 • 2C9 • 21 0----------------------------·-
210 WZ=I.C-EXPI-~.0~/TUl 

c 
2f;9 C0'CI_!_IIJU~--------------------- ______________________ _ 

R 1.r-.[) K 
A•=~.427w•P~k/(TRR*l~R*TRS) 
.t;":Q,(i~6(->t"i'KK/TRK ------
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----- ___ f. I 3) :AK-i11\ * (_l_,_c_~_H_K) ___________ ___,-'­
E14l=-AKnflK 

·······--CALL. vIET A_(l;~, Y.J.t:IJJ. ·----------------·-· -···-· -···--·-· ----·-. 
ZFI\1 :-1£) =Y I 1l 

____ clLJ~tTJ .. zu·, 2.11.• 212 _____ _ 
211 ZSK(Mf):y(3) 

GO Tfl 213 --T12 i<;~-~ r:i: l =9·~-s·---------
--2J_3_CI)I::<J.I ~U€ __ -·-· ---·-··-- ·--· 

. At=AA*P~R/ITHH*THM*TRSl --------·---·-----·----- .. 

~C=Bo*PHR/TRR ----·---
-------l.it:l•: (1. o~o-; 1 <>r0IT*<T~~-c. firP·R-,--------------- --· 
----·- ~!=C• ,}/( 1. 0•2• ('!)~>TUl ___________ . ----·---'----------····--------·· 

V:l,lS*IloG+?•?o*TU)/DEN 
_____ l!=~ ,1 <'3* .(1, i_1+3,?'1*11J) /DEN_________ ·-:-----------------------·--·-····· _ 

~~=EXP(2,3025Y*<l·0-3.n•ZCl/~l-l.O 
---- ?b_!._l_)_~J~!JJ ___________ ... 

c 
_C,: ___ .:!:.~~-f!_Q_Xj~~ I_lg~'!._-~~ <:_L_E ________ _ 

00 3•11 .JA:l tLA 
_______ lF ___ IZ~ <._J,\lj_ __ 3~2t}02t 3Q3 __ ·---------·-·-·--··------ -····-· __ .... _ --···· . 

3·:'2 i.FH:F.:l=9,.1 
______ Zs_lr'EL':.9_,_l._ ________________________________ ·-·-··---- --··· -· 

GO TO 2'll 
3~·3 D:PRH*ZC/ITI~H*Z<I (JAll . . .... --------· 

---- .. --s,;U<t (3. o"..:(ji} < 3 ~ o;.;tol->.- ------------· 

____ GLL=l·.O~_;·IA•S_. __ ·-····----·----·---------------------------·--·-··-----··· 
. IF (GLLl 3::4,:.H•4t30S 

3•:4 ZF (~:El =9 .2 --- -·--is-t'-"~E·,-;9-;2--

------ G_Q TQ_~_()) ____ ·:-:---
305 GL=;*ALOGl~I~LLl 

--··· ____ J~~- !S-l_,_C) .. ~C6t::,0}_•307 _____________________________________ -·- ..•....... 
3n6 W~=l,43/(T~k•T~S)-1,32 

GL=GL*I~~+Il.~-~~I*Sl 
-3!;7 Gr_"<;·,; 1 ~-;~-+tji>s;~sofs,;;i-~ cfil I s-l.'ll 

lF I(•LGl 3Gllt.'0Nt.309 
---3r8'ZFiiiF.l:9:·3 ...... --. ---.----

____ _zsl•_q:l_=:J_._:3_ ------------------------···--··-···-··-········ 
GO TO 2111 

3r9 GG=v<~AL·!Gl~(GLGl ---- ----~.-, 2; ;(;c::-r;1:1 ~ ------~--..,..~-------,----~-------------···- --· --- · · 
AI31=AC*Ii•n-GGl-bC*Ilen-GL+RCl ------A 1 .;;;;;.::t.c<tnco 1 i. c·.::e;(;;·-- --------·-----------·-----~--·--·--·-·--- -------·--- .. 
CALL VlETA!At" 1 MTYPE) . . --··-···· _ ------iF IJ'A--LAAl 3li~312;3·i·i-----··----------------·-------· 

313 P~lt1T 17,r.;E,JAt•·~TYPEtiA(t·1ltr:,:2tdt('lCINltN=lt3l ____ .... 
-----:ff2--iG!i·~Ef,;,;£,-);-- ----- --··· -----·---·---·-·· -- -----···--·----------

lF (Ab5(ZG(M£1-ZAIJAll-noCOU4l 314t3~5t325 
----325--"i{""(~~;..l,;l .3l5t3bt32i -·-- .,----- - .... ··- --·----------·--------··· 

__ 321_1:!~= (X ( P.-l .. (Jill)* (ZA.I.JAl_.=ZA.(Jf.l~_)J ________________________ , ..• 
IF !OlSl 322.322,323 . 

322 Qlf·;:~: .'1*Qll~ . ---·----- .. --······-<_;,;·To 3"is __________________ --------------
323 Oi~=QIN/n,9 · 

-- --IF !Oli~;;;1_-.)~3is-;-3}5~3z"f.------------·------------

32t. OY~•=l• 0 
--31 !:> -zr;·!J"o+ IT,;-iiFi"i>l<;(i::t )+(f;(i:i:Hi.ijQ:i~ IJA 1 

3"1 (Ot•TJNUE ___ _ 
-· ZF (:.<E) =·9. 0 

ZSI,<El=9,t• ····---·-···-----·----G(I TO -201-----~- ---·--------------------·-----·-

\ 

'?-·. i 

iie·, 

¥ ,, . 
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--~3)_4 _ _2:13(:; (.A[) =:lf• (~;£) ---~----------------~------------------------ __ 
IF ITI'IR-1.02) 3l~t31C't3ll 

_31LZG (':IE) =Zfl\ P:,E)_+I:iZit IZGG Ct~EJ:ZF.K ChElJ _____ _ 
31!1 COI•TII~UE 

_______ lf __ I •ITYPU .. 316 t 31.7., 3lL __ 
317 LS(•·-0=9.9 

______ G0_~l0_ 3HL 
316 ,25 (I<: E) =X I 3) 

__ _.:_joc=_o_. <'------------
318 IF ITr.K-1. 11 21 319t32{,320 

__ 32_0~ _U= I~-'R<I T~~~_T_fili_ ___ -~-- ----~-- _ ---~-------------~-
u~=l3.2~1-ll.lc*ZCl*ITT-2.6*TU+(I4.J6-l5·0*ZCl*l~R-6.7o+21.3*ZC>* 

2S~RT IPRR)) 
---o oC="i.IP~ riJ.,~p~iR:iTff*1 :r-;c~:4iiPH'RitPRR_> ____________ ~--------
__ 3_l<_l_lf(r~El:'ZG(!-!El~[lC______ ·-----------­

IF (KCL-'l) 2(\lt326t201 
-~ _326~~ FR IN_L_~o_,J,~_,JHR .__F_RR .az_,_zft5 l!~:f ,_, ZE 1 t4EJ, ZGGJt~EL, ZGJ!:IE: h ZE c_~~E ) _ _, nc, up_ 

2rl CONTINUE 
__ c ______ ~-~---- -----------------~ 

C: Ps;:5ULTS 
- PP)NT 12 

------PP Ir~f-21 --------------~--------~-----

_____ D_0 ___ 4~~l__':1E~ !_, HX 
DF=C'.-0 
0<,=1).0 

-----:y K-~ T~4 (~n:_ l o T C 
____ l:'t,:=PR(t~Ei~~C _____ _ 

----~---------- --
IF ~Zfi~El-9.0) 402,403,403 

___ 4"2~ C·f=lEJt-lf.J ~ZF_(~i~)----~~-------- -~ ----~-'--------------~--- ___ -------~-----~---
4~3 ~~lNT lbt~E,TKoPAtTR!HE)tf'RIMEltZfK(~'EltZEIMEltZf(ME)tOF 

______ If~(ZS (r1()! _401 ,,.01t 406___ -----------------------~-
4C6 IF ('7.5(•1£)-9.(') '105,401,401 

___ 4~5 _ _1•s=zt: ~~·E >_-zs c t'.f > ________ ---------------------------------------
Pf;;INT l9oZSK!r-•El tZE!t-oEl ,ZS(ME) tllS . 

4~1 Cf.I~TINUE -- ----- -·f!r-A6- --.11 -.- <-,-it-!~, -;-~;;;l;e;;-~·-Kci..-,-r.~cL-;~Pc~o-i:;-t-Ec L ----·-------

-----~IF ___ __(~-~-~LJ:t._.J_r_l-'JQ_L _________________ ~----~~- _______________ _ 
99 STOP 

_____ E~~~ 
c 

----------------------·------:.------

--------'-------- ----
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----------····· -------- ·····----------------
SU8ROUTINE VIETA !At Yt ~TYPE l 

__ CV4 ______ SC:LIJT iON. OF THE. GErii[R/IL CUB 1 C EQI.l•\ TION_. ____________________ _ 
C A(ll*~**3+A(ll*Y**2+~13l*Y+A(4):n 

___ c._ _______ •d TliUUT _CUi:'EkTF_, r._SHJF, _ACOSF, _FOP_ GENEf<AL_ USE __________________ __ 
0!1-'•EIJSlON Al<~lt lj(3lt y(3) 

________ 1-q 1 L.= _A ( 2) /AJ u ---- --------· --­
BlUV3 = ~(1)/3.n 

________ B I 2) _ = A I 3) /A ( l)----------------------------------------------·--
bC3l = A(4)/A()) 

______ ALF _= _b 121 -, 8(1 l *Bl0V3 ____ ----------,---------------------·--------- ..... 
l'ET = 2o!'"b)OV3**3 - 8(2l*tHOV3 + 8C3) 

_________ }~E l rtV 2 .. ::: _61: T (_2 • (' _______________ ---------·- ---------------- _______ . 
ALfOV3 = i\LF/3oC 

_____ CtJAOV3 __ :::_AlFOV3!i.~3 _____________________________________________________ _ 
SCbOV2 = bElOV2**2 

_________ Df.L __ :_ S,)>l0_¥_2_ -~ CUAOV3 _______________________________________ _ 
IF cC.ELl 4'l,2Ct30 

__ c.__ ________________ -------------------·--·----------------'---------------·-···----- ... 
C ~TYPE=0 T~O ROOTS EQUAL 

~ ..... ...:. ... 20 J'TYP.E. =. C c. ___ , ____ ---- ------------·--·- ---- --------·-·---------·-- ---~---- ...... 
GAM= SQRTF(•ALFOV3) 

__________ IF __ c"lE_T_l __ 22 •22.121.. _____________ ----------------- -----· .----·-
21 Yell = -z.,•GA~ •BlOV3 

_______ Y_12l_ = .. Gc._;_~-~---Bl_(~V-~---------------------------------·----------- .. 
Y!3l = Yl?l 

----·--- ... Gr:: _ T.O. So _______________________________________________________________________ ................ . 
~2 Yell = 2~0*GA~ •B10V3 

_________ y c 2 L.= __ ~Gill_-!__.:-_13lO_V3 __ 
YC3l = Yl2l 

___________ f>c-_l(l_ 51! _________________________ --------------------------· ..... _: ... -- ·-·· 
c 

_ c__ __ ... Y·T Y PE= l __ h-_0 __ co; •PLEJ\ ... BOO.lS_. --------------------------------
3J MTYPE = 1 . 

______ EI_'? __ = __ SOr<.!fJO_EL_l _________________ , ________________ ..... 
TtU ~ •6fl0V2 . 

_________ I<CU:J AU+I;:~S ___ -------------- ----------- __ ____ ___ __ _ _ __ __ ··--· .. 
SCU:TAlJ•EPS 

_________ s! P: 1 • c.---------------------· _______ _:_ ___________ ····-··- __________ _ 
SJS=l•O 

_____ ... IF. ( 4CU l .. 3.1 ,_32 • 32 ---------------------··-· _____ . - ------------· --
31 SJR=-1•0 
32 _IF (SCUl _3~,3-~t_3_4 ___________________________ .c .......... ------·-· 

33 SIS=-1•1) 
___ 34. Y::S I I-<* IS l >'~*~CU l **C. 33333333 __ --------··-------------------------··· ... 

S:SJS<> IS!S"Sllll **<•.33333333 
_______ Y Ill_:: _!{ ___ + _5 _•_ i310V3 _________________________ . _______ .. 

Y<2l = •(k+Sl/?..0 • olOv3 
_____ Y__(_~l_::_o_._i,j_b'>C~<:_-~~0-~If?~SJ ___________________ ·-------·· ____________ . 

GC' TO 50 
_<; ___________________________________________ _.:_ ________________ ---- --

C MlYPE=-1 TnRtE PEAL ROoTS 
_____ 4C_ 1'-'T_Yf>E ... =:. _•1 ____________ -------------------- __________________________ ............. .. 

Q~OT = S~uOV2/CUAOV3 . 
_______ RI)OT =. Sn8_T_f' I•_QLJQJj __________ ------------------------------· .......... .. 

lFWr::Tl 42t4lt41 
___ 4_l_F'1:1__ =- ( 1 • S !C,75 .. 1?.3~_A:T ANf_I~'O<)T __ ./__SCI<TF.. ( lo (> __ • __ POOT**2l )_) _ _/_ 3 • () .. 

&Cl TO 43 
.. 2 P~-<I = ATII•,F($i_lkTFC1.::>- i'<001*.,2l I ROrtl) __ _( ~.() ________________ _ 

.. 43-Ft.CT ·;;- 2~f*S\lKTF I•ALFOV3l -. . .... 

----------- Y(!l _= Fr•C~.,C0SF1Prill --~10¥::1 
Y(~l = FdCT<>COSF(Prll + ?.~9439511 • PlOV3 

' 

--~ I 
I 
I 



\~ 
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__ _______ Y l}!__~ __ f ~-C_T_~CpSF_( ~H_I_ + _ _4 ~l ~~l?Jl~l_-• R 1 OV3 c . - -
__ C _____ Ytll HlGt-~tSLJ~OOT,_ Y(3) LOI'iEST FOOT 

Y;~=Ao:AAl(YilltY(ci;Y(Jil- --- ---------------· -----
_____ JC_:=At_:lNl (Y ( 1) tY 12) ,y (3)) 

Y•<=y I 1 l +Y iX1 ~y- t3l ~YA-YC -------------------· --------------·-----
----- --y t1 l = y A----------- - ------·----- ------Y(C:.'l::YB -------------- --

---si-~~n~~_c _________ ----------------------·----------
-------~~Q_ ________ ----·. ---- -·- ------------------------- ----·-

p 1 r z t: F'<s-·r-;.-q en· -R E'iJUc f o---------------::-o 1..;-o-- --;:r. --;---- ·--:o-; ----·- ------·------ · ------
_I\CEN.l'£!1c_n. o __________________ 1_. (' o oo_oo __ ~1_._o_C\coco ______ , 291 ooo~o. _____ _____ _ 

1 55 .&oo~or. ,looooo .zooooo ,40~ooo 
----}-;;:,-~----- --.8ooooo ----- • 1 oo c0o-- ---2, oooo·o ()- --1 .o(lii0oo ----------------- ---
___ 1 __ !::> _ 5 ______ J • 4 o_o oo c ______ • 4o o o o o ______ • 2o ooo_o _____ • 4(_' 8 0 oo _____________________ .. 

. 1 5 8 1,400000 ,4QOOCC 2.000000 1·0Co~OO 
____ Ll __ 5 ___ 4. ()OOr.oo ___ -.:r:.-__________ ~----- _ .2o{ir.oo ____ • 40Q coo _____ -------------·-

-o 1 a 4.oooooo -o. z.oooooo 1.nooooo 

·--------------------------------------------------·,.- ·-
_f:-I_Q ___ _!_ ______ e__ ________ !~------I?_R __________ Z_I5 ____ }.F:XP ZCALC OIFF 

1 .a~oc .2ooo .soo .zoo ,856 ---------------- ---------------------------·--
c .n34 
01)_ ____ • fi001) _____ , bOO __ , 6!1o ____ ,)C L 
oo l.oooo .&oo 1.oon .lf6 
00 ______ 1,4000 ·-- __ .600 ... ),400 ______ .221'-
DO l,Rooo .~oo 1.8oo .289 
00 ___ -·-- .2000 ______ ,9(.10 _____ .20(1_ ··-- ,9i'·l 
00 .6000 .900 .600 ·.597. 

s ,9 on-T:oooo-,----:9co1-~o_o_fi _____ _ 
__ 9 ______ ,9 on l.<+noo ..... 9on _l ,4oo 

1~ ,9 DO 1,50~0 ,9QO },Bon 
11 1.~ oc .zooo _ 1.noc .zoe 
12 l.c oo .~ooo 1.oco ,6oo 

.111 

.175 

.235 

.294 
..• 929 

.756 

.R?l 
, P.5) 

.1 00. 
• ] 64 
,225 
.?.87 
,904 
,,02 

.• 1 02----­
.11'>7 
.?29 
.288 
,'D2 
.757 

,850 
• C•33 
.096 
.158 
.219 
.279 
,898 
,612 

• 001· 
• 816 'p.: 
.004 
.006 
.oc6 
.cos 
,G06 

-,510 p., 

• 1 0 8 ·----- • (I c 6. --
,}60 ,C07 
.220 ....• oo9 _ 
.278 .olo 
,931 ,COl-" 
,755 .oo2 



-20-

13 l.oiioo l.cooo 'I.coo 1.ooo ,291:! 291 .2as ,oo3 s 
--14 ___ -1.o-n o_o ___ i .-4ooc----:-i ~ ooo·--1.4oo- ------.277--: z5o • ?.37 • o 13 
___ 15 ____ 1_.p_~oo ____ l_. eooo __ ~ 1. o o o ___ 1. 80o_ --·-··. 324 _____ .~04 ________ , 285 • o 19 

_16 1,1nP0 o2000 1.100 ,200 ,947 ,950 ,951·-~.001. 
__ J] ______ h_l ~-P-~-----. 60o_o ____ )_.J Q9 ______ ,60D _____ • 83Jl ____ • $\33 _______ • 831_ • 002 

18 1.1~or 1.oooo 1.1oo J.oco .6~1 .~91 ,682 ,009 
19 1.1~00 1,4000 l.lJO ·1,"-0(1 ,521 ,512 ,498 ~014_ ---io ______ 1:fnoo----~~8o-oo --- i·:fco·---~-.soo---.-4-JC ___ ,4oa·----.411 -.oo3 

___ 21 ___ _1_. 2n o_c. __ -·-·-. zooo _______ 1. 2o t'l _______ , zoo ______ , 9(-o _____ • 963 _____ • 9o4 ·---~, oo 1 
22 1.2rOO ,6000 1.200 ,600 ,875 ,879 ,878 ,001 

__ 23 ___ 1. 2.6 oo ____ _l_,o o o o ____ .1· 20 C• ... _ _1, o oo __________ • 7f15 _ _ • 788 ______ • 783 ____ • o os 
24 1.2~0G . 1.4000 ).200 1,400 ,693 ,690 ,683 ,007 

_2s ___ l. 2c oo ____ 1 • 8o oo _____ _l. 2 o o __ .. 1. soo ______ _, .u z _____ .• s9a _________ • s97 ___ • o o 1 _ 
26 ,8~00 z.oooo .soo 2,000 ,320 ,318 ,311 ,007 

_27 ____ • a(i n (\ _________ 3. ')00 0 ________ • 800-- 3. ooo ·-- ....• 466_ ...• 461 ----·- • 458 .....• 0 03 
28 .a~oc 4,oooo ,soo 4,ooo ,6na ,6o5 ,6oo .oo5 

___ 2~ ______ • 8~ or ______ s. o o o o ________ .Bo o ____ s, o co _______ ,_7_4 6___ ,_7 46 _____ , 14 o _____ • o o 6 _ 
3o .B~oo 6,oooo .aoo 6.ooo .,Q81 ,883 ,876 .oo7 

___ 3]_ _____ ,_86 0_0 ______ 7_. 000 Q ______ .HC·O ___ ], 00(1 _____ ) • 014 _ l • 11 )7 _______ 1 , 009 ___ • 0 08 
32 .Br.oo B.oooo .aoo B.ooo 1,145 1.150 1,140 ,olo 

___ 33 ____ , Bii o o ________ 9. oo oo ------·- • so o _ 9, oo o ______ 1, 274 ___ 1. 280 _ .1, 268 ___ • o 12 
34 .9~oo 2,oooo ,9oo 2,ooo ,322 ,316 .3o9 .oo7 

__ 35 ____ ._9~ oo _____ 3, o o o_o ________ , 9o o _____ 3. ono _______ • 46o ____ .• 458 _______ • 451.. • o 07 __ 
36 ,9nDO 4.0000 ,900 4,000 ,591 ,591 ,588 ,003 

__ 37 ______ ,9(,() r _______ 5, 0 0_0 0 _______ • 90 0 ___ S • OO(l ______ , 1.1 A ____ • 71 B __ . __ , 723 -,COS_ 
38 ,9nfiD 6.~000 ,900 6,000 ,841 .~42 ,854 -.012 

__ 39 _______ ,9~e>n _______ 7, oooo _________ ,9co _ 7,-ooo. __ .. ,9~2. __ • ~66 ______ ,983 .. -. 011. .. 
4o ,9roo e.oooo ,9e>o s.ooo 1.0~0 J.na9 1,110 -,021 

___ 41 _____ ,9nO_Q_ ____ 9,()90_0 _____ !_900_c_9.00n ______ _l.197 ___ j,?.1o ··- 1.234 -_,t'2_4 __ 
42 I.o~o~ 2.oooo 1.coo 2,ooo ,349_ ,329 ,313 ,016 
43 1.o~or J.oooo 1.noo . J,ono ,472 458 ,442 ,ol6 

--44 ___ -f.()",; o"6- ---4. f.oo·o ---y;(:oo- "4. ooo ------. :s92- -- ·: 582 ________ • 570----. o12-
___ 4? ____ _l.o~o~-----_5·~00L ___ l.OO"U _ _5,009 _____ .. ,7n? .. ,702 ,696 .oo~ _ 

46 l,onor 6.oooo 1,ooo 6,ooo ,s2~ ~819 .~19 -.coo 
47 1.o~on 7,oooo 1.oco 7,ooo ,930 932 ,941 -,oo9 --,.8-- --~. o··i oo" -----b. c"oo·o ----- 1. 00 0---- f\. oo"(l -- . i. 037 ----~ >48 - -- I. 061 ·-. 013. -

__ 4~ ___ }.or.ol) ______ 9.oooo _____ l.r.oo ___ 9,oo_o _____ 1.1_44 i,l66 _ 1,179 __ -.o13 __ 
so l.tr.nc 2.oooo 1.1oo ?.oo~ ,431 ,402 ,4o9 -.oo7 

___ .s1 _____ 1_.1~oc ____ ~.oooo ______ 1.100 __ 3,ooo _______ ,Slr. . ,484 ····-· ,486 __ -,002 __ 
52 1,1f,nr 4,0000 1,100 4,000 ,6]0 ,589 ,5~9 •,GOO 

__ 53 _______ l_.1r_oo _____ 5,ouoo _____ 1.1oo 5.ooo .713 ,699 ____ ,696 ____ .c03 __ 
54 1,1noo 6,oooo 1.100 6,ooo ,814 .~1o ,8o2 .oo8 
~s 1.1roo 7,oooo 1.1oo 7.ooo .913 .916 .9o7 .oo9 

---sF:·------1.lnci-(;------8.cooo -----1.1oo 8,ooo----i.n11 1.,;19 -i.o1ci .o-o9 
57 l.Jr.oo 9,oooo 1.1uc 9,ono 1.108 1,129 1.112 .011 

--- ·sR------1, 2;, co----2. coo~ ----1. 2r. o --2. 0(1 o------ , s"P-4 . • 568 • 57 o --:-~ o o2 
__ 5_9 ____ }_.2~ro _____ }.nooo __ _1,2oo __ 3,00() ______ ,_576 ,554 ,561 __ -.co7 _ 

60 1.2r00 4,0000 1,200 4.000 ,647 ,618 ,630 -,012 
61 1, 2(1 n 0 _____ _5 • 0 0 00 _______ 1. 2f\l) ___ 5. OOQ. _____ • 732 , 71 ~ , 717 ___ -. 0 03 
62 1,2~~0 6,0000 1.200 6,000 ,821 ,810 ,807 ,003 
63 1.2~or 7.nooo 1.2oo 7,ooo ,91o ,9o7 . ,899 ,oce 

- -(:,.-----1, 2n 00------l< • b 000·- -1,200 R, 000 ----·, 998. l, ~00 -·-- -- • 990 --,010 
65 1.2~no 9,ncoo 1,2co 9,ooo 1.oR~ 1.100 1,ns1 ,019 
66---T. 4;; o~ ·-- ·. ?ooo ·----r. 4(10-- ~-.zoo· ----·-·.976 • 977 · , 9ao - =-:!io3 
67 l,4roo .~ooo 1,400 .~oo ,927 ,929 ,931 -.oo2 
68 l,4i>oo--··-·--f.!iooo ·-l.4co·--l.ooo ,f!8r• ,883 ,P.t!2 ··,oo1 
69 l,•n~r 1.4ooo t.•oo 1.400 .836 ,A38 .~35 .oo3 

·-7o--·--1-.t.;oo··----1.P.ooo ____ "i.4oo·--l.8oo ______ • 797 ,795 , 793 • oo2 
11 l.A~on .2ono 1.8CO ,20n .990 ,991 ,994 -.oo3 
72 --- ·1,8i\1J0____ ,6000 l,CIOO .600 .<i72 . ,974 ·,977 . •,{•03 
73 1,8~oo l.nooo t.soo 1.ooo .955 ,95A ,9~o -.on2 
74 - -· l.a;.oo l,4ooo 1 .• ticr. ·l,40n ,941 ,944 ,945 -.001 
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75 1.8 OD l.ROOO 1~800 },800 ,928 ,931 ,933 
76 2.2 OD .zooo 2.200 .zoo .996 ~997 1.ooo 
77 2.2 00. _____ .6000 2.200 .600 ····---·989. ,990 .... -- .994 
78 2.2 oo 1.oooo 2.200 1.ooo .9?3 .984 .989 

___ ..7.9 _____ 2.2 or, 1.4ooo ______ 2.2oo _1.40o ___ ....• 979.. .,98o. _ .98·s 
:.• ~0 2oZ 00 1,Gb00 2oZOO loROo .976 .~77 .982 

81 . 2. 6 oo • ?ooo ______ 2. 6t'O .. ___ .zoo _______ • 99" __ j. (ioo ____ 1. o 02 
82 2.6 oo .~uoo 2.600 .60o .997 1.noo 1.ooz 

_ 83 _2.6 00 .. ___ l,oooo_:_ 2.6oo __ J,ooo .. _____ .996 _ i.ooo ___ 1.002 
-84··-- ·2,6 (l(' le4000 2o600 },400 o996 ], 000 lo OOZ 
85 2o6 (\_0 _____ ),8000 2o60_0 ___ lo800 ..... -----•997. __ ],~02 .... ,. lo004 
86 3.o on .zooo J.ooo .zoo 1.ooo l.nol 1·003 
87 3.o oo o6000 3.ooo - _.6oo ____ . _ _l.ool __ }.1)03 ....... 1.005 
88 ______ 3. o o o 1. coo o 3. n 0 o 1. o o o 1 • o o 3 i. (I o 5 1 • o o 8 
1:<9 3.Q (!(' --··· 1.4000 ... _____ 3,Q(i0 1,406 •.. 1•005 ... .1.008 lo010 

---90---··3,0 00 1oiiOOO 3oOOO lo800 1oOOH 1.012 lo01 1+ 
91 1._4 OIJ. ____ 2.oooo _______ l.400 __ 2.ooo _______ .7Pl ___ .777__ .776 
92 1.4 oo 3,nooo lo400 3.ooo .737 ,720 .731 
93 1.4 oo ... __ 4.oooo ..... l.4v.o __ 4,00o .. ____ .753 ___ ,734 ________ .745 
94 ),~ 00 5,1)000 1o400 SoOOO o800 ,781 ,791 

__ 95 _______ 1,4 00 ...... 6.('000 _____ lo400 ... 6,00D ____ ,861 __ .844_ o851 
96 1.4 no 7.oooo 1.400 1.ooo .928 ,921 .918 
97._ ___ 1.4 (!l) _______ s.nooC> _ .1.400 _a.ooo ____ ...• ~97 ___ ,994 _____ .9aB 
9P 1o4 00 9,0000 lo4CO 9o000 1·0~8 1,~71 loD60 
99 l.F3 00 _____ 2.•)0DO ______ }.BCO __ 2.000 ____ . __ ,923 ... ,926 -·-- .• 927 

1oo 1.8 oo 3.nooo 1.~co 3.ooo .9(9 .908 .912 
__ }(!} _____ loR 0') ______ 4,0000 __ ... 1.~<00 .. 4o000 ·--·- .911 -· ,9D8 ·,9}5 

102 1.8 oo ~.oooo l.Boo s.ooo .929 ,925 .934 
.. 103. ___ l,B 00 ___ . 6,0000 ______ 1,800 ... 6.000 .. _.,958 ,955... ,963 

104 1.8 00 7.0000 lo800 7oDOO .995 ,993 1o000 
105. 1,'3 00 .. _8,1)000 lo800 .. f'.oOO!' lo!!37 lo039 },('42 
106 },8 DO 9,0000 loRDO. 9,000 1.0~3 1,A91 1,087 

__ 107 ---·-· 2,2 OQ. 2,0000 . 2.2CO 2.0DO ___ ,975 .975 .. ,981 
lOP 2.2 on 3,oooo 2.2oD 3.ooo ,974 .974 ,9HZ 
}(19 2.2 oo _____ 4o00.00 ______ 2.2(JO . 4,(\!'0 _______ .9~2 -- ,981 ,991 
110 2.2 OQ 5,0000 2.20~ 5o000 ,997 ,997 1o007 
111 2.2 oo _6._nooo ______ 2.2oo __ f'..D00 ..... 1.o17 1.020 1.o3o 
112 2.2 oo 7.~ooo 2.zoo 7,ooo · 1.043 i.n4R 1.osR 
113 2.z oo _______ 8.0ooo ______ 2.2oo ~:~.ooo .1·073 ... f.o~>o 1.088 
114 2.? 00 9,0000 2oZ!'O 9,000. 1•105 i.JlB 1.122 
115 2.6 CO 2,(•000 __ 2.6(10 2,000 ,99~ l.~C3 lo005 
116 2.6 oo 3.oooo 2·60~ 3.ooo 1.oo4 i.olo 1.012 

_ 1 1 1 --· __ 2 • 6 o 0 4 • o o o o _____ . 2 • 6 o o _ 4 • o o 0 1 • o 1 s 1 • ;, z 3 _ 1 • o 2 5 
118 z.o oo ~.oooo 2,6Do 5,ooo 1.029 l,n4o 1,o41 

_119 __ 2,6 on .6.0000 ____ 2,6(;0 ... 6.000 ..... -l.0'-7 1.059 },(lo2 
120 2,6 00 7.0000 2.600 7,000 l,OA8 1.~~3 1,085 

_121_ ____ 2,6 0<:1. 8,0000 __ 2 .. 6CO 8,000 .1.092 1,1(19 1,111 
122 2,6 oo ~.0000 2.600 9,000 1.11~ },j39 1.139 
123 3,0 Oll ___ z,oooo ____ 3.000 2,000 1,009 __ i.014 __ 1,016 
124 3.0 CD 3,0000 3,000 3,000 1.019 1,028 1,026 

_l25. ____ 3,o oc.._.:. .. _4,oooo ______ 3,(10{l __ 4,0Do ____ ,l.o31 .... 1,041._ 1,040 
126 3.0 ~D ~.DODO 3,00D 5,000 1.045 f.n58 1,D57 
127 3,0 00 ___ .6,0000 ______ 3,000 ~.000 .... 1,0~2 1,077 1,D7A 
12~ 3,D DO 7~000D 3,000 7,000 ],DAO i,100 1,097 
129 .3.0 0{' ~.•)r>OO _ 3,0('0_ A,ODIJ. _ 1,101 i,lZ4 1,119 
13D 3,c n~ ~.oooo 3.roo 9,000 1,123 t,lSO 1,144 

_131__ ___ 4,0 D.f\ _____ - ,?.000 ___ . 4,(100 .zoo ...... 1,(•0Z ).1)03 1,1.'()4 
132 4,o on .~ooo ... ooo .6Do 1.ons ~.nos 1.ooB 
13~~-- ·"·D or: 1.f'ooo '+,00{1 1.ooo l.OOQ ,,,.13 1,013 
134 4,0 or l.~ooo 4.f1Df 1,400 1.013 1,n11 1.011 
135 _____ 4,rl "I' l.ROOO 4,1'00 ],800 1,017 1."Z2 1,(122 
13~ 4,01\Dr. 2,1)000 4,(;Q(l Z,OO(l 1.r.l9 ].f'?4 1.024 
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.. J37 _____ 4.o;;oo _____ J.opoo ______ 4.ooo ___ 3.ooo ____ l.o31 __ I.ri38 .1.031 .oot 
13R 4.0~00 4,0000 4oCOO 4,000 lo043 ],n53 1.051 .002 

_}39 ______ 4.()~(1(:_ _____ 5,1)000 ....... '••000 _ 5.000 _____ l_,(l57 ... l.06H ....... le066 e002 
14o 4.onoo b.ncoo 4.ooo 6.ooo 1.o11 t.r.86 1.os2 .oo4 

__ 141 ___ 4.o(>oo ______ ·r.oooo ______ 4.ooo ... 7.00o ___ l.o81 .1.104 ___ 1.099 .005 
142 4.0~00 U,QOOO 4o000 8.000 }.103 1.124 loll7 ,C(l7 

___ 14 3 _______ 4. fl il_o_o ______ 9. o oo_o _______ . '+ .•. o.o o ___ 9, o.o o ________ l .•. ll9 __ 1 .1.43 ··-· 1 .135_ ...• c. o 8 

---------------·--·-·-:··---.. --·--·------------------------ .. ------·--·--··--- -·· -------

__ f'lTZt,R$_]bpL_E5.J<F._QIJ_Cf,Q ________________ ---~O _ _l~O _____ ~o. ______ -n,_ ----"----------···· 
ACENTHIC n.5 lobOOOOO 1.000050 .251000-0 . 

---,-,--------·••••·-·-·~•·••• .... L.-- ...... ,n~•·•-·-.,·••·•-•·•·•«~_.,,,.--.-~.---~·•~•~·--·--·•-..-•--..--... • ... ....,.-._••-A"_' ___________ , __ ., •••••• 

1 5 5 ,aooooo .looooo ,2ooooo .4oonoo 
1 s s .nooooo .Inoooo 2.oooooo 1.oc~6oo -- -~ --5--s··-----f. 40 o o oo -----.4 oo o oo -- - • 2o o o o·o ------ -. 4b n no o-------------·- · 

____ J __ ? __ a ____ 1. 40 o coo ______ .. -·~_of)_o oo _______ 2. oo ooo o _____ 1 • o o 9ooo __ -_ ______________ .. _ . __ _ 
1 1 5 4.000000 -n. .zooooo e4(ln000 

__ :.<L.L ~~---.It .• o.o o o o.l) ____ ;:-_o_. __________ _?.. o o o o 9 o ________ l.• o o o coo _____________________________ . 

--· ·---- ------~sr.-oo·----.2-oo·o·-------.-~<·oo-----~io-o -------.856 ___ -~li-o3 .. -- -· ·:8o9 · ·.:; ~ o c 6 

______ _________ ___ __ -----··- _ ,-----·----· -------- ____ . _______ ----• 034 _____ , H03 ______ .. • 034 • ·r 69 i', 
2 .snoo .Aooo .soo .6oo .1r1 .~78 .o82 -.oo4 

____ 3 ________ .Rjoo .......... l. ooo.o ___________ .~tlo .... 1.ooo ________ .166 _ ~ 129 .. __ .135 .. -.• oor, 
A .a~oo 1.4coo .aoo 1.4oo .22a .175 .188 -.Ll3 

____ s ________ • £\6 ()_n ____ _l_._f•ooo ______ ~· ~I)O __ .. .1• Roo ________ • 281:1 ___ • ?.27 _ ...• 239 -. o12 
6 .9~00 .2000 o9CO .200 .901 .~81 .871 .. ,012 

_____ 7_ ___ ... 9pOn _____ .~000 ______ ,9CO. ___ •• 60(1 .59"( .• ~75 _ .606 -.531/• 
e • 9 ii o o · 1 .o o o o • 9 o o 1 • o o o • 1 75 • 124 • 131 .. _. c· 13 

-··'--~-------- •. 9['0I_l _________ 1. 4 oo o· ________ • 9o o _ 1. 40 o . _____ • 235 ..... 114 .• ___ .. • lBA -. o 14. 
lo ,9"00 l,kOOO o9DO l.BOO ,294 ,223 ,239 -.016 
11 I.o~ou .2000 l.Goo .. ,200 .929 ,926 .921 .oos 

---f2 ____ -i.or.oo·-----.,,-cioci 1.ooo -- .Mb _____ .7s6·--·.747- - · .745 
13 1.onoo . 1.oooo 1.ooo 1.ooo .298 ,251 .313 
14. i.ono_o ____ ·-1,4ooo 1.oco 1~4oo .211 .206 .2o3 

___ ls _____ l_._o non ____ _1 • kOD n ________ l. o or. ___ l. so o ______ • 324 .....• :?4_6 __ . .. • 244 
16 1.1~00 .2000 1•100 .,200 o947 ,951 .957 

___ 17 _____ lo} fr1_0 ________ .6000 ______ }olOO ____ .60(1 _________ o83.0. ___ ,1141 oK38 
18 lo1nor 1.0000 l•10D 1o000 o691 ,719 .6Bi 

__ 19 ______ 1 •J 0 nr, __ .. __ _1, 4 o oo _______ 1. 1 o o .. __ l• 4o o. ___ .......• 5? 1 .. __ .• 56 1 
2o 1.1Fcno 1.Hcon 1·1oo }.Boo .431 .426 

. • 480 
.393 

___ 2l_ __ l•2i:Oo. ____ ,2000 ..... __ 1·200 _____ .2oo ______ .9~0 ..... 968 .974 
22 1.2ioo .6000 1.200 ,600 ,R75 ,893 .892 

• (r 02 
.-.0621-, 

.003 
,(i(l? 

-.006 
• !103 

·• 036 .. 
.• c 87 . 
.(;33 

-.006 
.(101 

23 ___ _1.20_0_0 ______ 1, 0000 1.20l•_:J .000 _______ .}!':(5 ___ .A23 • 795. • 02fi. 
24 1.2~fJil 1.4000 1.2oo 1.4·oo .693 • 755 .687 .c6R 
25 ____ j,2~0(: 1,ROOO 1.2(;0 },800 ,F.J2 ...• r..83__ .594 ,(.f'9_ 
26 .B~CO 2.0000 ,H(lO 2.000 o32n ,?53 o279 --~.(26 

___ 27_ _______ • 8(d)(, _____ 3. 0000 ___ ... _. bf;O. _3. 000 ......... • 4~f.o __ • 371 .......... • 4 {15 -. C34 
28 .s~nr 4,oooo .sro 4.ooo .~oe .490 .527 ··-.c37 

____ 29 ________ .Br(HJ 5,1)ooo .eo<' __ s.ooo _________ .74r.. .• ~16 .M7 -.(!31. 
3o .~<;,no o.oooo .t~oo 6.ooo .BP.l ,738 .763·-.n~5 
)1 .&For 7.oooo .anG 7.00<' 1.o}4 .857 ,877 -,020 
32 .e~oo K.oooo .Goo R,Oon 1.145 .975 .99<' ~.oJS 

. '1' 
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~-33 __ ~.sr,oo~~-- 9,t:~ooo __ ~---··kr.:o 9.ooo ....... 1.274 .. l.lo5 .... 1.1oo .cos 
34 .9~oc 2.oooo ,40D 2.oon .322 ,246 ,278 -.tJ2 _35 ____ .9ooo ____ 3,oooo ______ .Yeo __ 3.ooo ______ .460 .... ,368. --··- ,4oo -.r32 
36 ,9~00 4,0000 ,9CD 4,000 .5Q} ,486 .518 -,t32 

-· 37.·--~-~. 9?t00 ... ~~- .5. 000.0 .... -····. 90\.1 ·- 5. 00 0 ---··· • 718 • 598 ..• 634 -. (•3& 
38 .~~oo 6,o6oo ,9oo 6.oon .841 .7o7 ,747 -.G4o 

-~39~ ____ ,9t.OiL __ 7.oooo ______ .9(•0. 7.ooo~---- .962~. ,816 ____ .n58 -.f42 
4D .9~oo e,oo0o ,9oo e,ooo I.o~o ,Q29 ,961 -.rJ~ 

___ 4L ___ ,9i:co ________ 9,oooo ____ ,9co ... 9.ooo -~-1.197 .i.n35 __ ..... l.074 -,C39 
42 1.o~oo 2.oooo 1.ooo z.ooo ,349 .?67 ,281 -.el4 

______ 43 ..... l.C!,;oo ___ .3.oooc ___ I.r.oc. 3.ooo__ .472 ... ,383 ______ ,392 .-.oog 
44 1,0r00 4,DC!OO 1.000 4,000 ,So.?. ,497 .S03 -.006 

___ 45 .l.oiioo __ ~ 5.oooo _______ l.ooo_ s.ooo. .101 ,F-o2 ____ .611. -.c:o9 
46 l.o~oo 6,oooo 1.ooo &.oco .szo .704 .718 -.t14 

__ 47 ___ J.onoo ____ 7.oooo ______ l.ooo _ 7.ooo_. ___ .930 __ ,862 _________ .823 -.l'21 
48 l,OPOO k,QOOO 1,000 A,OOO 1e037 ,R98 ,926 -,C2R 

_____ 4_9 _____ 1. ot oo _______ . c... oooo ______ 1, oo c1 ~--9• oco _______ l.l44 __ . 1. 09 L ____ 1, n27. -. c·2~ 
so 1.1~oo 2,oooo 1.1oo 2.ooo ,431 ,402 ,39o ,012 

___ 5L_ ______ .l.l~OQ ___ 3,oOOO .......... l.lOO 3,000 ____ ,510 .. ,449~ _ .456 .. -.007 
52 1.1~00 4,oooo 1.1co 4.ooo .61n ,539 ,551 -.012 

____ 53. _____ l,l,~Oo_ _____ 5,0000 ____ 1,1GO _ 5,000 -----···- ,713 ,634. _______ ,649 -,015 
54 1.1~oo 6,nooo 1.1on ~.oco ,A14 ,730 ,748 -,D1R 

-~-55 ___ 1, 1 ~0 o ____ _7,_0 0 O_Q ________ 1_. 1 0 0.~~· 7, 00 0 ____ , 913 ___ ,1311 ·-----• f'46 .. -, (;35 
56 1.1~oo B,ooco 1.1LO e.ooo 1.~11 ,894 ,942 -,c4R 

__ __?_7 __ ~ __ 1,lf.(l(•.-~._9,0000 ____ l..lCC ___ Q,OOo ______ l.l.~P. ,9'39 1,038 -,C49 
58 1.2~00 2,0000 1,2')0 2.000 ,SR4 .~53 ,565 ,088 

_59 _____ 1,2iioc _____ J,oooo.~.---1•2ro 3.ooo ____ .576 ... ,589. .549. ,040 
bO 1,2n00 4,0000 1.2CC 4,000 ,647 .~18 ,609 ,OC9 

-- ___ 61 ____ 1_. 2 () (lfJ -- __ 5. 0 0(1 c ____ _1_, 2(: 0 ___ 5. 0 0 () __________ • 732_ -- • 694 .• 687.- ....•. c 07 
62 1,2Fco ~.oooo 1~2co 6,ooo .e21 ,770 ~112 -.oo2 

___ 63 ____ 1,2n00 ____ ~7,1J000 _______ 1,2C0 .. 7,000 _____ ,910 ___ ,847 .. - .858. -.011 
64 1.2~co a.oooo 1.2oo s.ooo ,998 ,Q2o ,945 -,025 

____ 65 ~-1.2i:oo_ _____ 9,oooo ..... l.2oo. 9,ooo 1.086 i.no5 1.031 -.ot'& 
66 1,4r.oo .zo~o 1.4oo .zoo ,97~ ,9H5 ,992 -.oo7 

-- 6., _____ 1. 4 n 0 ('~---- • 600 0---~--· J ,_4 c 0... • 60 o _______ ...• 927 ·--~' • 954 __ .- • 952- ..• (I c 2 
6~ l,4;oo 1.0ooo 1,4r.O 1.ooo . ,8PC ,924 ,9o9 ,015 

~---69 ___ ~~-1• 4 ~oo ___ l. 4000 ____ 1. 4Dil ____ 1. 40o ____ .. • A3o.-. , _ • 9o3 ____ ..• 865 • 038 
70 1.4~00 1,~000 1.400 1,800 .797 ,885 ,823 ,062 

_____ 7.1 ______ 1.<.<~oc _______ .2ooo ____ .l,Bc:o __ .zoo_ ,990 i.ooo .... 1.(•06 -.oc6 
12 l,HFOG .~ooo 1.soc ,6oo ,97? 1.6o1 1.002 -.001 

--~ 73 ___ ~ __ ),B;cc ____ _l.r:ooo ______ ~1•8oc ___ 1.ooo ,955 1.003 ....• 998 __ ,oo5 
74 1.H~OO 1,4000 l.BCO 1~400 ,941 ~9~9 ,9~5 .OC4 
75 ___ ~_~1•k~Cn _l,POOO ___ l.b(lO ___ l.BO(l ,9;>8_ ).606 ·-~ ,994 ,01?. 
76 2.2~00 .zooo 2.200 .zoo ,996 l,004 1,011 -,007 

_____ 77 ____ 2,2ron _______ ,nooo ___ 2.2oo ___ .&oo__ .9&9 l,nl3 . 1.n1s __ -.oo5 
78 2.2~co 1,ooon 2,200 1.ooo ,9h3 1.n22 1,021 -,005 
79 . 2.2~0f' 1,4000 ·2,2t'O 1,400 ,97<:t l,i>33 1,036 •,003 

--·ao-··---i.2~rc• 1,~'ioo·c--~----2.2')0 1,8on ,Q76 1,,;43 1,0'+6 -.oo3 
81 2,o,.,C0. ,2000 2,t•C:O ,200 _,gqc;, 1,005 1,012 _-,007 

- 82- --·i:c•f Cit!-------. hOO 0-----2. 6<: n ------ ,6oo • 9Q7 1. r> 19 · 1. 023 -. o 04 
____ B3 __ 2,6_Eoo _____ l. nooo ___ 2.6c,o ____ l. ooo ______ ......• Qc.('. . i. (134 1. o35 .. -. ool 

84 2,6;oc 1,4000 2,6ro l,4oo ,9o6 j,~4H 1,049 -,uno 
85 2.6~nc ______ l,Rooo ________ 2,6r:o ____ l,B\lo ,9Q7 i,r.no_ 1,062 -,co2 
&6 3,o;oo · .2ooo 3,oco ,2on l.oco i,nD6 1,012 -.oo6 

___ t17_~ __ 3.oi-,co . ,r,ooo_~ _3.ooo __ .60o ... 1,oc·1 l.r1e 1,024 -.rr.6 
88 J.o~co t.oouo 3,ooo 1.ono l.oo3 l,n35 1,037 -.uoz 

_____ 8Q __ 3.o.~OI) ____ l,4U01) _________ 3,(00. 1,41)(' 1,0(•5 .l,A48 1,050. -,0('?. 
90 3,n~cn 1.~ouo J,oco l.Bon 1,0t8 l,r>62 1,064 -.co? 
91 1.4'-nn 2,oooo 1,400_2,000 ,7Fl ,872 .Bo5 ,Oo7 
92 1.4~cn J,nooo l,4eo 3,nco ,737 .~2o ,759 ,061 
93 1,4~Cn 4,nooo .. 1.400 4,00n ,753 ,R09 ,7o8 ,r41 
94 1.4~('n ~.0000 l.4GO ~.non .Mnn R~~ .~n7 n29 
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__ 95 _____ _1._4nClr, _____ 6,I)OOO ______ l.4f10 ___ 6.00Q ____ ___'__.sr,l ___ ,R79 ____ .859 __ ,(1~0 
96 1.4~00 7.oooo 1.400 7.ooo ,928 ,941 .919 .022 

__ 97 ____ l,_'+Q0 0 _______ 11 • :100 O_c ___ , _l, 4 0 () ____ A o OOQ ___________ , 9_9} _____ , 99_9 -------- t 9133 ____ , 1) 16 _ 
98 1.4~('1) <;,ouoo 1o4CO 9,ooo loOM• iJ·.66 1.049 .c117 

____ 99 _____ 1.8~00 _______ 2,oooo ___ ,J.bCO __ 2,00(' ______ ,923 __ 1,1106 ____ .993_ ,013 
100 1.~~0o 3,nooo l.~oo 3,ooo ,9r9 1.~13 1.oo1 .012 
101 1.8~f1n 4,oouo 1.~co _ 4,ooo .911 t.~3R 1.023 .ois ----i-o2 ____ 1_. fir. r:i 0--- ••t·.-r.oo 0------~-~ tll) 0 --<;. 00(1 .. --- -. 929- -} • 07 a···-·-- -1.056- • (! 1'• 

___ l_n3 _____ l.H(.o1J _______ ~._oooo ____ .. l.~r.o ____ r:..ooo ________ ,958 ___ .l.l.l o ___ 1.094 ____ .c·11i .. 
104_ l.R~on 7,nooo 1.soo 7.ooo ,995 1.153 1.135 .01R 

__ _1 os __ __ )_. a~_o Q ________ B ._o o_o o ______ l• Me: o ___ A_.oo o _____ 1. (137__ .1 .19_9 _______ 1 .1 79 ___ • o?.o 
106 1,8;oo CJ,oooo · 1,[•oo 9.ooo 1.11~:.<3 1,?41 1.223 ,018 

__ .1 01 _____ 2. 2 o o p ______ 2. o oo_o _____ ?.. 2 o o ___ 2 ._oo o ____ • 975: __ 1. c46 ____ J. os1 ___ -, or.s 
lOR 2o2r.(l0 3,(10(}0 '2o2(.fj 3o000 ,974 ),077 1oOtl3 -,(;06 

____ 1o9 ________ 2.2~oo _____ 4,.o,Joo ______ 2.<:-o0. 4,ooo ______ .982 __ i.H•9 _____ 1.121 --~.n2 
110 2.2~00 s.nooo 2·2oo ~.ooo ,997 1.147 1.166 -.ol9 
111 _____ 2. 2~D __ r. _____ 6, C'OO_o ___ 2. 2'1<' _c. Dt'o ~ ___ },o)7_ __ l•l95 ____ 1. 214 -. '(1}9 
112 2.2~00 7.oooo 2.2ou 7.00(1 1.043 1,248 1.264 -.Dl6 
113 2.2[o_o _______ H,ooo_o _____ 2.2no_ H.oo_o _____ _1.n73 ___ i.299 ______ J,315 __ -.on. 
114 2.2~00 ';,QOOO 2.2oo 9.000 1.lo5 1.~53 ),36~ -,012 

__ 115 _____ _c • .;r.oo ________ 2,oooo ______ 2_.~:-oo _2.o(lo ... ___ ,99~'< _1.c66. _____ l.Co9 .. -.oo3. 
116 2.6~00 3,oooo 2.ooo 3.ooo 1.004 1.107 1.106 .001 

__ 11] ___ ? • .-,(,(l_r\ _____ ... oooo _____ 2_.6t;0 __ 4,QOo___ ___ l.Ol5. __ 1.146 ____ ).148 -,(102 _ 
118 2.6~00 5.0000 2.6co ~.ooo 1.029 1,188 1.194 -,006. 

___ 119 _____ 2.?;.0(' ______ 6, 1)0(10 ___ 2_._1::(;0 ____ 6.00() _____ 1.047 ____ 1.233- .. ),244 -. 011 
120 2.6~on 7.oooo 2.6co 7.ooc 1.068 J.?81 1.295 ~.vl4 · 

__ _l2L __ 2,f.C00 _____ €<,0C00 ______ 2•o!J(: ___ 8.000. ___ },('92 ),334 .. _ .. 1.31+8. -.Cl4. 
122 2.6"00 Y,oooo 2.6rc 9.ooo 1.118 1,389 1.4o1 -.012 

___ 123 __ ~.~r-or _____ 2_,_Q_ogp _____ ,3._coo __ 2.oo_o ____ 1_.oc9 __ J ,;;69 __ 1 .• 012 -.co3 
124 3.o~oc 3.oooo 3.ooo 3.ooo 1.o1q 1.113 1.109 .oc4 
125 3. flr0(1 _______ 4_, oo_oo ____ 3,1)_( o ___ 4,ooo ___ l_,Q31 __ 1.156 __ ... 1.15o .uo6 
126 3.o~on 5,oooo 3.oco s.o~o 1.045 1,198 1.193 .oo5 

___ )27 _________ 3,_0rOQ ____ t-.,_0_000. ________ 3, noo_ ."-• O(IQ ________ l, 1_1~'-2 ___ ),247 ____ },239 ____ , OOB. 
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: _______________________ .:._ ____________________ .;__ _______ :.._ ___________________________ --------- . 

__ .:.._ ___ -- ·,-------------__.:__:- --;;--·-:-·--------------- ----- ----~-------------------~--- -- -· ________ · --· 
T p 

1 2£9. 8C·C'C 
2 .. _2!:9.€C·JO _;_7.£8~'1 

- 2ES.EC~C ~7.?100 

4 2 E9. s . .:.,..,c :-E.:~2CC. 

5 2S8. 1:. J~· t~.s1.::.c. 
t __ 2Si3. 15•JC - C7.;. 2 ')C: 

7 "CQ 
~ "' ... 15SC c E. 6 2-;~( 

E 2S9. 1 5CC 7C • 3 '3-:c 
s 3 23. 15CC £ <;. '3 2C: 

1" - ' -- ?. 23. -50;j S5. 513U' -- ·--

11 323. 1!CC E l.~s:>:: 

.I£ --· 3 23. LCC 1C s.?9J-: ---
1:' 5~3. : 5(:C 2i:.. : 1:c 
14 - --, ::> £. ...... 15-)C ;2 ! • 3C?:C' 
E 5 23. 15CO 372. S22C 
lt 5t.'l. ) :: :.C 29 E. "1:::' 
17 5[, 3. 1C:GC 3LS. 1S~C' 
H 5£.3. 15CC_ 1/. l.= :· :· .. -- . ·-c. 
lS 573. 1 ~' -.- .,-, 

-"- -. 16;: .; 
2C -· 5 73. 1:; ·CC 377.:sc: 

TR 

1.o:;o 
1. ~:;:) 
l.Qj~ 

1.0)C• 
·1.(:29 

- ... 1 . .:n 
1. 029 
1 • -:.'2.9 
1 • 11 5 
1. 11 5 
1 .115 

-- 1 . 1.13 
1 . 'l::. 5 
! • 3: <; 
l.S~5 

1. :3'11 ---
1 .371 
:. t19l 
1.'?78 
1 .978 

PR ZK ZEXP 

.998 .361 .347 
1. C)J .2::19 _____ • ~-:::4 
1 .C.JC .296 • 271 
l • C02 _________ ._2 8 9 • 2_4_4 
1.140 .4Cl • 395 

.1. 163 • 37() .344 
1. 135 .347 .?12 
1 • 2'16 .329_ --- •. 2'39 
1.552 • 5·:"6 .434 
1.651 ._4~ 1 • 451 ---- -··· --
1.757 .464 •L26 
1. s9.:; .4-54 ._413 
4.760 .925 .917 
5.552 • C?.;. 5 • 93~ 
6.4~2 .975 .965 
5. 15 7_ ---·- .95~ .~4~ 

6.:32 • 976 .970 
7.016 ··- .1 .CD9 l.C )3 

:-.548 .979 .C!76 
6. 514. l.C~:04 l.C J2 

.... -- ·-·- ---·- .. -··-·· -

.346 

.31:3 

.273 
--- .~38 

• 3'>4 
.334 
• 31 It 
.297 
.486 
,4">1 
.4L,5 
.435 
.926 
.946 --
.976 
·955 
.979 

1.012 
.9'31 

1.~09 

• 0)! 
-. 811 
-. c:? 
-. •) i ·• 

• •J.?.! 
<~"! ·:· 

-. )·'? 

-. _l.. •• 

) ... 
- t I - • • 

":•( ' 1 
i -. 0 i 

-. :'!::·· 
- . ~..: ~: 

-. ;: c 

- • .J ?. ~: 
-.Y--
-. )C. 0 

,..-- .... 
'----. ' . 
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l:\~.DOLT f,r;D EJi:R~;STt:I'J .\i-1,\~:\T _ ~0 .. 1.-~ _-0._ -c. 
HYCRDGEN KELVI~ ATV 33.2~~000 12.797000 • 305000-0 

1 1 1 -c. 12.963Jco -o. 
1 1. L ~). 51.45 700Q _____ -_0 ·------ -------- - --------
1 1 1 -). t7.9toooo -o. 
- 1 l 

~~.:?4cc;.:c 

33.24CCCC_ 
3S.34;ccc 
3~.E4CCCC 
55.'32<::((( 

...... ::-.0. -· -------- ----40.63 5 200_. ____ ::0. ______ ... -----·--------····-
1 ;1 1 -0. 34.242000 -o. 
1 1 .1 55. E 2 CC CC __ ::0 ._ ___________ 56. 5250_0C ---·- :-0 .• _ . _________ . 
1 1 ; 2=3.l~CCCC -J, 200.JOOOJO 400.0COCJJ 
1 1 4 273 .l5CCCC ... ____ :-). __________ lOC. JC')JJO _300.0C0010 __ 
1 1 ; 372.4C00CC -o. 40C.JO~JOO 300,C000JO 
1 .1 ., 4 73 .4CCCCC ...... :-::. __________ ... 3C.C. JG·)JJO . 30:'.CCC·t)OO _____ ------··· ----· 

-c 1 3 572.9CCCCO -J. 200.00~J00 401.000000 

NC._. ____ r_ _________ P.. TR -- ·-- I'R ---------- . .... ZK ..... _ZEXP ZCALC: ... f) IFF 

1 33.24:)( 12.CJ63C' 1.0)':1 _.1.013 • 27 2 .357 .258 .099 
2 ;3. z4·~c 51 • 457C· 1.::::o 4 • .::·21 .594 .604 .6)9 -~-)05 
; 26. £ 1< .. :· 1 7 .91JC. 1.10 8 1. 4 ;),J .542 .495 • 524 .. -.'J2q 
4 !6.'£4::r: 4•: .-~35J 1 .1 j ~ 3.175 .531 .500 • 51 '• -.Ol't 
~ ~5. E'2 ·: c =~. 242( Lo79 2.c76 • 87 8 -· • 82.9 .s<;g ___ -:-.o3o 
c = :::. e2~c :t .. 525C 1.oFJ 4.417 .883 • 804 .859 -. 055 
7 2(3. 15C C 2( (. ·~'JC:"· 6.111 15.t29 1.130 1 .• 162 ., -- 1 • 1 '•5 .. • ,) 17 

e 2(?. .. ~~- r 
.!. - v ... CCC .cc:·0 6. 111 4t>.836 1. 609 1. 554 l. 511 ,Q4l. 

c; 2C3. 15·~C 1 ::;c r: · ....... -.... .............. 6.111 78.143 2.06 1.943 1.9~1 • ·:'r!t2 
lC 213. 1':0( 1: c .. Jo~c a .211 7.su, l.C69 1. c 70 1. 058 .011 
!1 2 73. 1:: C·C itC ( • ':··':':'-~. 8 •. 21 7 31.257 1. 29'3 1.2'34 1.257 -- .·.027 
12 213. 1:' 0·: ?CC . ~c:·:· 8.217 54.70.:: 1.541 1. 5)5 1. 471 • 035 
F - - 2P. 15 :)( 1 ~( ( . ·!OC :. 8. 21 ?. 78.143 1.78° 1. 72.1 1.689 .o;z .. 

14 3i2.4CC=C 4( '-• )C : .. ) !1.2:2 31.257 1. 224 1.218 1. 2 :)1 • ~)17 
15 372.4C':'C. 7(( . ·)·:·-: r; u.2n . 54. 7-JC t.4n 1.375 1-.%1 .')14 
lt 3i~.4-::;);: l cc (. : cc.t 11.2)2 78.143 1.582 1.536 1.524 .012 
17 473.4~C..:· - ?.·:-c. :·c: 14.24-'J 23.443 1.13.4 1. 1 ~9 1. 12? • 007 ··-· 

lE 4 13.4JCC 6C ( . -~·:·~c 14.24.) 46.836 1.272 1.256 1.250 .oc1 
19 413. 4UC C(:( • :::c:r. 14.24~ 70.329 1. 413 1.391 1. 380 • o::n 
zc 572.9C -~ -'~ 2( (.. ::0-::t 17.233 15.629 1.(.74 1. C73 1.069 .c<:-4 
21 sn.s:cc 6CC • C·C.·:'C 17.233 46,8::36 1.227 1. 211 1.211 ,OOJ 
22 5 72. sccc 1 c·:c.:o:c, 17.23:0 78.143 1. 38 2 1.342 1.356 -.015· 

.. _- -- -' -· ... ------ -- . ---'·---- -·- ---- - - ---

EA~TLETT AN~ 9EtTTJ~ G~A~S-PER CC -J21-: 2.0160 -0. 
HYCRJGEN ·'-K::LVIt\ .t.Pt. _ 33.2!t40:).) .. 12.797(.00 ____ ,30350J-J ............... . 

1 1 2 273.1:::cr:cc _-'.:l. 
-c 1 2 273.15C0Ct -o. 

10C.O~JJ00 20~.0C000Q_ 

5oc.:c~~J: 4:o~Jcc·oo' 



.. 

'" 

.. "JC ______ L. __ .. 1' .... 

____ L_.273;15~C. 1CC.'J0~G. 

2 273.15~( 3CC.0C:r 
__ 3 __ 273.15CC _ cC C ,,;c:;·.:. __ 

4 273.!50C 1CCC.JGCG 
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.r~ __ PR __ ···-···-- .. _.z IS ZEXP 

8. 21 7. 7. 814 -· 1 • ct. 9- . ! • •) 71__ 
8.217 23.443 1.219 1.205 
8.217 46.836 1.45? _1.424 
8.217 78.143 1.789 1.713 

ZCfllC f) 1 FF 

l,C'oO ___ .O!l 
L193 .•Jt.> 
1.40fl .• OH. 
1 ,,705 • .)C9 

____ L 1 .J __ 32 3 •. 1 2CC cc ____ -.G._-------·- __ 1 ::> o, 13·)300 ____ ::0····-·-·-··------·-- __ --·----- -··-· 
l 1 1 323.12CCCC -~. 138•263~00 -0. 

___ 1 _ 1. t_ .32 3. 1 2 cc cc ___ . .:::1. ___________ 2_o-::.: 53c~.c .:___::_Q_._______________ _ ______ .... 
1 1 1 373,15C0CC ~o. 125.564C00 -0. 

____ 1 _ _1 __ 1 3 7 3.1 S Of_j .CJ. _. _::q_. ____________ 1 6~ .•'tC_1 J0C ___ _::O_. ___________________ ........ . 
l 1 • 37?.!5CCCC -0. 240.C52JCC -0~ 

__ . _ L 1. 1. .. 47 3, l5CC CC --·- :::::.. _________ 163. '11 l:l80 ... .:::0 •. --· ---·-·--·----··-- ..... ----······ 
1 1 1 473.15CC0C . -0. 21c.l52J08 -0. 

_-::_c __ 1 __ .1 __ ~7} .1 ~c c c_c ____ _:-_Q_. __________ 31.~. s :;4 :>_Qo _ , .. .:: o.:. __________________ ·---·--· .. -· 

- .... --·--·-·----------···--#··-~:-···-·--~ .. ----- ----~------·--------._..,..----·:---- -- -----.----~- ~-- -----~ ________ ,.. __ ··- -------

NC T p TR PR ZK ZEXr> ZCALC 

1 323.12CC 1C6.13CC' 2.50.4- 3.1:>9 l.(..J4 1.009 1.010 
- .... 2 .323.120•) 13?..2630 2.5~4 4.128 1. C.14 1.023 1.r22 .. 

3 323.12(·':: 2((.1530 2. 5<)4 5. 977 1.045 :.057 1. C· 56 
........ 4 ..... 3 13 •. 1:('::' 12~. 55:'t:) ______ 2.961_._ 3.749 1. C2 6 1.034 J,034 

~ 373. 1 ~ t"',!" 1(L,4':;10 2.961 4.9J9 1. 04 3 !.053 1.052 
t. ... 37'3.15':~ 2L ( • ')52~ 2.9::>1 ___ 7_, 1S8 1.033 l.C98 1.(97 
i 473. EJJ lC3.(JllG 3.755 4.894 1.C5it 1,CS4 1.GS2 

---- e .. 4 i 3. 15':< 21~.1520 -···· .3.755. -- :..454 .. .1.(78. !. )92 1.088 
<; 4i3.E>: ?19. ~ 34J 3.755 ~.5-+1 1. 131 1.153 1.146 

' . ---- -----~-~-- ---- ---------------------------·- -------------------- ·--------------- --------------- --···-------
BA~TLETT AND SEATTlE G~AM PER CC -021-0 29.0140 -C. 

__ UTROGE'L K::LVII\ __ AT~1 __ ··- _126 .• (,20000 33.49)C('f _______ .29179J:-') 

1 1 ;:_ 
-c 1 : 

NC ---- J --·--··--·····- ----

1 273.1 c 
r 2 273.1 ,· 1 

3 27:.>.1 c 2 

I'_ __ 
--~--- .... .. 

. ') ... . ' . ) 

T.R -........ --- PR 

2. 1 ti 1. 493 
2. 1 0 2. 9 36 
2.1 8 5.972 

. 5'}, CCOC.OQ_ ····--- .. 
2C':l.':C()( .. )0 

.... l K _______ lEX? . - Z CALC_ 

.976 .933 .9B1 
• 971 - .933 ,976 

1.C 13 l.C32 1. 02 3 

:)IFF 

-.001 
• ·) )0 
• )01 .. )(') .... 

• ')01 
• )01 
, J02 
.004 
• .)·J 6 

D IFF ... 

• :>J? . J07 
.)n 

·-
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4 2P.l~OC t,CC. t:v-: 2. 1,, il 11. <.:'44 1o 213 1.253 1.226 .an 
5 273.1~00 6C·C. '~r \J.·. ·2.l:>i3 17.91:'>. 1o 451 1.520 1.471 • Ql,·} 

6 273.15 :c ~c:. oc .:t 2.163 23.838 1. 71·.) 1.797 1.725 .')7?, 

7 2 7:3'.1~ :: 1CCC. )C·•:: 2.bil 29. 86) 1.965 2.065 1.979 • ·)135 

. HI CHEL S __ M'._'\GAT __ _ ·····- ::-0 .. 2.-::J. -'). ---~0. ____ ·- ------------ ··-
OXYGEN KELVIN ATV 154.33jUOO 49.713)0~ o292100-0 

1 1 1 
1 1 1 
1 1 

, 
~ 

. 1 1 l 
1 1 1 
1 1 !. 
l 1 1 
l 1 1 
l 1 l 
1 1 1 
1 l 1 
1 1 1 
1 1 1 
1 l' 1 
1 1 1 

·i 1 1 

273.15C~CC -o. 22.429JOO -o. 
273.15CCCC ....... -•1 .• _ .. -- ....... 4J.01'+4JO ::-0. -·--··------·- ···-· ... --·-
27~.15CCCC -a. 66.464~00 -o. . 
273 .l5CGCC ... :7•). _. iH::. 7C3~00 .... :70• .... ·-·--·-·-·---·· ........ ·-. __ 
273.15CCCC -0. 98.4174JC -0. 

. 273.15CCCC ... ~0. 119.!r6SO'JG -_o_. 
2SB.I5cc:c -a. 24.619600 -o. 

·2S8.15CCCC ... ~0 •. 
2~8.l5(~CC -C. 
2~3.15CCCC -~ •. 
299.15(((( -0. 
29B-.l~c:cc 
323.15C·:Cc 

__ ·323 .15f.C CC 

-c. -
-0. 
-·:). _ 

-o. 

'•4-140100 
n.·37J3r.::o 
9C. • 1,::43C:)C 

l:i0.35d700 

-o. 
-o. 

---::0. 
-c. 

134. 77S7CO _ -0. 
26.312300 -1). 
48.2 5 c 7 JC _____ -:'). ______________ ---·-- ---·---- __ 
31. 2623·.)c, -o •. 
99 .4Cl20C ... -0. 

-c 1 1 

323.15JCC'G 
323.15CCCC 
~23.15C:~CC ·-0. 122.32oaco -o. 

-- ---···=-- ------- -- ·- --- ----------------·· -------~-----·····--··---·-·-·-··----·-·--·~----··--··--·--·-·------· 

... ··-·-- .. ----. ·--~-- -- -:---·· ··:··- ···--·- ... ·-··~- --·· ...... ··- ·-·----.-- ···----~-· -..... ·--··-·- ---------~ . ---· 
NC. ... ··- .L _ , ------~---P _________ TR ·- .... _plL ..... ZK ZEX 0 d:ALC DlFf.. 

1 273.15)0 22.42~0 1. 77C .451 .9yy .. .~3) ·• 91) 1 -.001 
2 273.ECC 4r:.Cl 1t4 1. 77j 8 .,c . ...~ • 96'l .%5 .964 • ~l)(j 

3 273.15(•':: 6!;.t.,646 :. 77·.; 1.337 .93 ·e .()44 .942 .. -. 003 

" 273.15J: ec.7:3~.> l. 7L! 1.623 • 92 8 .935 .931 .004 
~ 2i3.1~CC SE.t..174_ - 1. 770 __ .1. 930 .918 .c25 .920:. -· 00'; 
t 273.1::C·': l!S.466C l. 77 J 2.403 .9:J8 .915 .no •. )Q5 
i 2t;3.15:J: .2". t19'> 1. 932 • 495 .932 .986. .987. .-.• OQ1 
E 2 ~ ~- l::C') 44.14)1 1.'i32 .88'3 .971 • 975 .975 .ooo 
c; 2S9. E :c 73. (7':;3 1.932 1. 486 .. • 955 . • 9Sl .c; 59 • ·)02 .. 

lC z;9.15·=':: <:c.~4et 1.?32 1. Sll .949 • 9?6 .952 • CC3 
11 2t;R.1~~c 11·:. '<587. 1.932 2.220 .942 • CJ30 -o946 • )04 , -.;:. 2'>8. 1:0G !:~.7767 1.932 2. 711 .93'3 • 9!r6 .941 • O•::J5 

__ .. 13 - .323.150C z-::.>123_ 2. ~94. ----. 5_39 _____ . __ •. 98 7 .99') .991 ·-=--· 001 
14 3::3. 1:$J~ 4~.25:>7 2.~~4 .971 .979 .983 .9133 • 0 )(i 
•<. :23.15C': .. E 1. 2'>23 .. ___ 2. ;;:; 4 __ 1. 635- -·--- • 96<: .976 • 97.3 .003 J.-c - --
1( 323.l~t>: <;t;. 1t':·l2 2. j94 2.0:0 • 96 5 .973 .969 • J·J4 
17 323.1:;~: 122. 32:-a 2. ·:;~ 4 2.461 • 96 2 .rn2 .9~7 .005 

-" ! 
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2. The Program ES68M 

21. . General Scope 

The Program ES68M can be used for the calculation of the compressibility 

factor, the enthalpy, the entropy and the fugacity coefficient for a pure 

substance, as well as the same mean quantities 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: 

(l) 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 crit.ical compressibility 

factor ZM. For a mixture of NC components (where NC :::: 10), each sub-

stance card gives the name of one component, the critical temperature 

TC(J), pressure PC(J) and compressibility factor ZC(J). 

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

tion. The symmetric matrix WW is presented to the computer as the 

components (WW. -1) with j = 2,3, .•• NC and m = 2,3 .•• j-1. One 
Jill 

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 value for 

KY means that another composition card will follow. KY == 0 means the 

last composition card of the problem. 
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( 5) 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 number (NOT-1) higher~ temperature TL + DT, TL + 2DT, 

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

for sets consisting of a starting pressure DP and any number (NP0-1) 

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 

positive value for KS in the schedule card means that another schedule 

card follows. The last schedule card carries KS = 0. 

After the temperature-pressure schedule cards a new composition card 

can be inserted for the same components. New temperature-pressure cards 

must follow. 

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

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

A card containing KCL = -1 will terminate the computation. 

'l'he 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. 

For the· various schedules, the following outputs are available: 

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

(2) in addition, the compressibility factor Z; 

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

(4) in addition, the mean heat content function 4/RT a.nd the mean 

ent~opy expressed as S/R; 

.. 
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(5) in addition to (3), the individual fugacity coefficients ¢.; 
l 

(6) all options combined. 

These options are controlled by the control quantity KE. 

The calculation of fugacities requires an integration with respect to 

the pressure; individual fugacity coefflcients 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 T + ET or YS + EY furnishes 
r 

about four significant figures. Any input for ET and EY overrides the 

standard choices EY = 0.0003 and ET = 0.0001. 

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 coefficients. 

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 

allo-v1s values of NS up to 50. Restriction of NS is desirable for economy 

in computer time. 



22. Input 

1. Title Card 

column 

2-37 

38-39 

40-41 

42-43 

44-45 

48-49 
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Title of the problem. 

KCL = Print intermediate quantities: 

0 no print 

9 print 

-1 termination 

NC: number of components in mixture 

NC = l for pure substances 

NC < 10 for mixtures 

NPC: Reserved for punch control 

NS: nurnber of subdivisions of DP desired in 

the integration 

LAA: maximu.rn number of approximation cycles; 

LAA = 0: computer sets LA = 30; 

LAA > 0: computer sets number of 

approximation cycle LA = LAA + 10. 

KE: controls the output options 

0 same as KE = 3 

l only the pseudo-critical values TM, PM, ZM 

are computed 

2 compressibility factor Z 

3 (in additiorl) mean fugacity coefficient 

4 (in addition) individual fugacity coefficients 

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

6 all opt ions combined 



'"'c 

50-59 ( 6 dec. ) 

. 60-69 (6 dec.) 
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EY: alteration in the composition of mixtures 

If EY = o, computer automatically sets 

EY = 0.0003 • 

ET: temperature interval 

If ET = 0, computer sets ET 0.0001. 

2. Sub stance Card ( s ) 

3· 

For a pure substance: 

Column 

2-24 name of the substance. 

25-36 (6 dec.) TM: critical temperature in any absolute unit. 

37-48 (6 dec.) PM~ critical pressure in any absolute unit. 

49-60 (6 dec.) ZM: critical compressibility factor. 

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

Column 

2-24 

25-36 (6 dec.) 

37-48 (6 dec.) 

49-60 (6 deco) 

Name of the component in the mixture. 

TC (J): critical temperature in any absolute 

unit 

PC (J): critical pressure in any absolute 

unit 

ZC (J): critical compressibility factor 

Interaction Coefficient Card 

Colum.n 

2-8 (4 dec.) ww (J ,M) J = 2, 3, .•.•• NC 

9-15 (4 dec.) ww (J,M) M = l, 2, ...•. J -·1 

16-22 (4 dec.) ww (J,M) 



23-29 ( 4 dec. ) ww 

30-36 (4dec.) ww 

37-43 (4 dec.) ww 

44-50 (4 dec.) ww 

51-57 (4 dec.) ww 

58-64 (4 dec.) ww 

4. Composition Card 

Column 

2-3 

4-9(4dec.) 

10-15 (4 dec.) 

16-21 (4 dec.) 

22-27 (4 dec.) 

28-33 '(4 dec.) 

34-39 (4 dec.) 

40-45 (4 dec.) 

46-51 (4 dec.) 

52-57 (4 dec.) 

58-63 ( )-+ dec.) 
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(J,M) 

(J ,M) 

(J,M) 

(J,M) 

(J,M) 

(J ,M) 

KY: 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 = 0 means that the composition card is the 

last in the set. 

YS(M): M = 1, 2, •••• NC 
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5· T-P Schedule Cards (to be inserted after each composition card) 

Column 

2-3 

4-5 

6-7 

8-19 (6 dec.) 

20-31 (6 dec.) 

32-43 (6 dec.) 

KS: control 

KS > 0 indicates that the schedule card is 

to be followed by another one. 

KS = 0 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. 

TLg lowest temperature to be introduced, in 

the same unit as TC. 

DT: temperature increment in the same unit as 

TC. 

DPg lowest pressure to be introduced. If NOP 

> 1, DP also indicates the pressure increment 

in the same unit as PC. 

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 99) starts. 

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

KE 

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

some number between 0 and 6. 

Nu.rnber 

0 

l 

2 

3 

4 

5 

6 

I 

Output 

The computer automatically sets KE = 3· Only the 

fugacity coefficient, TM, PM, ZM and Z are 

calculated. 

The computer calculates only the pseudo-critical 

temperature TM, pressure PM and compressibility 

factor ZM of the mixture. 

The computer calculates TM, PM, ZM and the compres-

sibility factor z. 

Same as KE = 0 

The computer calculates the above quantities, namely; 

TM, PM, ZM, z, ¢ plus the individual fugacity 

coefficients ¢ .. 
l 

The computer calculates TM, PM, ZM, ZF, ¢ plus 

H/RT, S/R. This is applicable for pure substances. 

The computer calculates all the quantities mentioned~ 

TM, PM, ZM, ZF, ¢, ¢ . , H and S. 
l 
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KH 

The integer KH is generated in the program for the computation 

of heat content and entropy. 

Number Output 

0 No calculation of H and S is desired. For KE < 4, 

KH is set to 0. 

l Calculation of H and S is desired. For KE = 5 or 

6, KH is set to 1. 

KF 

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

alteration in the composition. (Repeat control for¢ .• ) 
l 

KF l first alteration 

KF 0 last alteration 

KCL 

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 T > 1.02 
r 

ZK: Z obtained by the equation of Redlich and Kwong. 

ZGG(ME): Z obtained by the modified eq. 

ZG(ME): Z obtained by mixing ZK and ZGG(ME). 



Format 

42 

42 
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Quantities 

ZF(ME): final Z obtained frotn ZG by addition of 

derivation function DC. 

DC: deviation function for T > 1.02 
r 

UP: numerator of DC 

ME 

TRR 

XC This and the following quantities are intermediates 

XC in the computation of log ¢ 

EX 

FGG 

FG 

SE(MS) 

FN(ME) log ¢K 

FM(ME) log ¢ 

ME 

PRR 

EA Intermediates 

EB 

EC 

ED 

EW 

FD 

SD(MS) 

DC 



Format 

37 

.. 

24. Output 

Format 

ll 

13 

16 

17 

15 
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Quantities 

MH = number of point 

TH(MH) - temperature (altered) 

PH(MH) pressure (altered) 

FH(MH) log ¢ for TH(MH) 

FM(MH) = log ¢ for basic temperature 

PLG log P 
r 

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 

(Sub stance Card): TM, PM, ZM for a pure sub stance 

TC(J), PC(J), ZC(J) for a mixture 

(Interaction coefficient Card): WW(J,M), M l, NC 

J = 2, NC 

(Composition Card): KY, (YS(M), M = l, NC) 

TM: pseudo critical temp for a mixture 

PM: pseudo critical pressure for a mixture 

ZM: pseudo critical compressibility factor 

(Tempe~ature-Pressure Schedule Cards)~ 

KS, NOT, NOP, TL, DT, DP 

ME: number of the point 

JA: number of the approximation cycle 



Format 

20 

22 
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QUANTITIES 

MTYPE: -1 three phases 

0 critical 

1 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 Z) after LAA approximation cycles). 

ME 

TK: absolute temperature 

PA: absolute pressure 

TRR: T 
r 

PRR: P 
r 

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)~T 
r 

PR(ME):P 
r 

FKD: Log ¢K 

FMD~ log ¢ from modified equation 

FFK: ¢K 

FFM: ¢ 

~. 

.. 



Format 

23 

24 
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Quantities 

MF: number of the point 

TH(MF): absolute T 

PH(MF)~ absolute P 

FDW = 2: yi log ¢i Kwong 

FDY = 2: y. log ¢. 
l l 

FWD(l) log ¢lK 

FYD(l) log ¢
1 

FFW(l). ¢lK 

FFY(l) ¢
1 

FWD(JC) log ¢iK(other than lst & last) 

log ¢. (other than lst & last) 
l 

¢ iK (other than 1st & last) 

FYD(JC) 

FFW(JC) 

FFY(JC) = ¢. (other than 1st & last) 
l 

FWC(NC) yilog ¢iK 

FYC(NC) = y.log ¢. 
l l 

FWD(NC) 

FYD(NC) 

FFW(NC) 

FFY(NC) 

log ¢K for last component 

log ¢ for last component 

¢iK .for last component 

¢. for last component 
l 

MH: number of the point 

TH(MH): absolute T 

PH(MH)~ absolute P 

TR(MH): T 
r 

PR(MH): P 
r 

HT: mean heat content H/RT 

SR: mean entropy S/R 



25. Various Symbols 

Symbols 

DIT 

PS(JS) 

ZL(l) 

ZL(Z) 

FL(JK) 

ZS(JS). 

ZN(ME) = ZK 
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Equivalents 

P for left end of the interval 
r 

P for point JS (defining end interval DP) 
r 

ZK for the lst phase 

ZK for the 2nd phase 

¢K for the lst and 2nd phase 

ZK for the supposedly stable phase of VIETA 

FN(ME) = FK 

AV(ME) = AK( =A
2

P) 

BV(ME) = BK(~BP) 

FV(ME) = FK 

Kwong values for storage 

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

storage) 

AU(ME,JC) = AR(JC) 

BU(ME,JC) = BR(JC) 

A and B individual 

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 

TMM = TM 

PMM = PM 

for storage in alterations 

·"';,' 

.. 
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FX(MF JC) = c£n¢(MF) 
' dy(Jc) 

FS = 2: c£n¢ ~ 2: y (JC) • FY(MF,JC) 
Ya ~- s 

a 

FY(MF,JC) 

FW(MF,JC) = £n¢JC K , :wong 

FYC 2: y .£n¢. 
J J 

FWC 2: y.£n¢.K 
l J 

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). 
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PROGRAM ~S6~MI INPUT,OUTPUTI 
CES68M EQUATION OF STATE IMIXTURES,FUG,ENTH,E~TROPYI 10 APRIL 1969 

c 
c 

DIME N S D'l T I I 6 l , SUB I 10 141 , TC { 101 , PC { 10 I, l<;: { 10 I , hw I 10, 101 , Y {3 I , 
2 AA I 10 I, B AI 10 l, TRC 100 I, PR I 100 I , AI 41 , E I 4 l, PSI 511, c S I 51) , 
3 YS I 10 l , YV ( 3 I , ZL C 2 I , FLC l.l , ZA I 100 I , X I 3 I , ZS I 511 , AR ( 10 I, ~P. I 10 I , 
4EL I 51 l, S <:I 51) ,ZN I 1001 , Hll 1001 , ZGG I 100 l ,ZG I 100 l , ZF I lOJ I ,AU I 100,101 , 
5BUI100,1Ul,AVI100l,RVI1001 0 FVI1001,FMI100l,THI1001,PHI 1001, 
6ZH I 1001 , FH ( 1001 , FKH ( 1001 , f'Y ( l 00, 1 Ol , FW { 100 olO l, I'TP ( 100 l, MTPH { 100 l , 
7FWDI101,FYCI10J,FYD!lOJ,FWCI10l,FFWI10l,FFYI101,FXI100,10l 
8 , S 0 I 5 ll , LlC P I 5 ll . . .. 

11 FORMAT 11X,6A6o6!2,2F10·6l 
12 FORMAT (///1 .. 
13 FORMAT (1X,A5,3A6,3F12.6l 
14 FORMAT llX, 9F7o3l 
15 FORMAT (1X,3I2,3.F12.6__) 
16 FORMAT (1X,I2,10F6.4l 
17 FORMAT I24X,3F12.6l 
18 FORMAT 11X,3I3,7H Vt~t~· ,6F9.4j 
19 FORMAT 12H D,I2,8F6.3,F12·4l 
20 FORMAT ( 1X,I3,2Fl0o3;2F7·.-3,Fi3.3,F10o3,Fl0.4l 
22 FORMAT 11X,I3,2Fl0•3o2F7o3o2F9.4,2FB.31 
23 FORMAT ( 1X, I3,2Ffo.3;4f:a::4;2Fa.3 l . 
24 FORMAT (40X,2F8.4o2F8o3l 
25 FORMAT I24X,4Fq.4,2F8.3l 
26 FORMAT { 54H 
27 FORMAT (69H NO T p 

2 LOG FK 
28 FORMAT !69H ~~ p 

2 FK FM l 

TM 
TR 

TR 

PR 

PR 

PM 
iK 

LOG FK 

29-~0RMAT I69H NO T p LOG FWW LOG FYY LOG FW 
2 FW FY l 

31 FORMAT I1Hl,6A6,6I2,2Fl0·6l 
32 FORMAT 11X,2I2,6F11·41 
3.3 FORMATI1X, 13, 5Fl0.4, f31 
J4 FORMAT 1151 
35 FORMAT 11X,6Fl1·6,!Jl 
36 FORMAT (57H NO T 

2SR l 
p 

37 FORMAT (2H O,I2,2F10o4 0 3F8.5,2I4 l 
38 FORMATilX, I3,2Fi.0~·3;.2F7.3,:Zi=ff~ifl 
39 FORMAT ( lX,l4HMOLE FRACTIONS I 

• 

TR PR 

40 FORMAT I lX,42H H-P T( .. OT DP 
41 FORMAT (1X,I2,I3,11F6•3l 
42 FORMAT (2H ·o. tz·~-zF·6~·3-;7F·a~-4I·--·-·---------

INPUT AND_ ··pifEPAR~fflON. ------- ........ -. --··-
READ 11,1TIIMl,M=1o6l,KCL,NCrNPC,NS,LAA,KE,EY,ET 

101 PRiNT ::n, Ct-CiM i ;1.1:1 ~ i))~Ktl--;Nc-;-riPc-;-Ns;CAii, KE; EY, ET 
IF INS .!:Q. Ol NS=1 

·IF IKE> ~1,82;81 
82 KE=3 
8i. kH=O 

IF IKE-41 84,84,83 
. -!!3 KH=1 

84 CONTINUE 
85 IF IEYf aa,a9,sg 
89 EY=0-0003 

··sa ·1F 1 n ;·-·qa,9I,9_o ______ - ----- --·---
91 ET=0.0001 
'10 CONTINUE 

IF INC-ll 102.102,103 

HT 

ZM l 
ZF 

LCG Ff.l 

LOG FY 

---·--~------·-----

\ 
\ 

i 

" I 
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Ct.S68M E<NATJO:! Of STATE (MixTURES,FUGtENTH,EN!RUPY) 16 fEt:SR~ARY 1970 
PROGRAM ESt;8M ( lNPUT, ou·l PU fi - . . - . . 

c 
c 

UJMEt~Bio~. rJJ~J,SI:J~JtQ;_'t) ;.ICJJ.ou.P.C1.1d>) __ ,z..c.._t~.L'w~Jl.Q.,_H>J._tXJ~J' _. ------··-· 
2 A A ( 1 0) '11 A ( l 0) t T R ( 1 0 0) , P R ( l 0 0) • A ( 4) 'E: ( 4) 9 pS (51 ) t E S (51) t 

3 Y S ll 0 >' ' Y V ( 1) 9 Z C ( 2) 'F L (?) , l A (l 0 0) 'X ( 3) t Z S .(51 ) ~ AR ( l_O) 'BR ( l 0) ' _ 
4t.L ( c; l) 'SE (;:; l) 'li'J <l 0 0) t f N <J. 0 0) , ZGG ( 1 U 0) t ZG (1 0 V) t Zf (l 0 0) t ~U ( 1 0 0 tl 0) t 

5 bU \ i 0 0 tl 0 > ~ A~ ( l 0 0) , B V (! 0 0 > 'F V U 0 0) 'F M ( ~ 0 o ) t T ~ ( ~ 0 0) ~ P HJ 1 v 0 U 
oLH(loO) ,FH(lOO) tFKH(lOO> tf.Y(lOO.lO) ,Fw(loOtlO) tMTP<lOO) ,,;HPH(lOOl, 

b~ ~~ ~ ~-~~ :6~8-~-;f-l:-b~~ ~ t-~ ~ :-f..vt~_Ll_OJ_,f.FWJl Ql ,ff-X < 1 OJ_,f_~_O_Q.D .. t.! O.L .. ---·-- ... ____________ . 

ll fQHMAl (1X,6A6~6l~t2fl0~6) 
l 2 ~· 0 H M A t ( // I ) . -
13 ~08MAf (1X,A5,~A~t~Fl2.!6) 
14 f OHMA T (1 X, 9F7 • 3) 
ts EoBM.A_J <lX.,_;U'-'-~f.l~,o> ...... _ -·· 
16 t-Oi-<MAT (lX,I2dOF6,4) 
17 fOKMAI <24x,3Fl~.o) . 
1~ PoAMAf <1Xe3llt7H VIETA ,6F9e4) 
l~ fO~MAf <2H Otl2t8fb,j;Fl2,4) 
2o FoRMAt (lXa!3t2F16~3•2F7.3;FB.3,FlO.ltflri•4> 
~~ rg~-~~t -~ t~:}~ :-~~ ~·~: ~ !·~~~:l:-~~·:~-r~te~_iL __ ~~ -.. -- -.. --.- · ----- ---·------- -------- ---- · -----------.. 
24 FoRMAT c'+ox,~F8.4t2F8~3) 
25 ~oRMAf (?4x,4f8;4,2FB;j) 
26 ~~o8MA! (54H - .. -
~·7 fO~"<MAT (69H NO 1 - .... - - p 

2 _ .LOG F .tL __ . ___ ) .. 
28 fO~MA! (~9Y NO l 

2 FK FM ) 
29 tO~~~! (69H -NO p 

2 FW Fl ) 
31 fOHMAT (1H~,6A6~612t2flo.6) 
Jz -t,o8M~f _ox. 2tc; __ 116fll· '+I· 
33 fOHMAT(tX, 13' 5Fl0,4t 13> 
j4 foBMAf <Is> .. 
J5 FQHMAT (1X,6Fllo6tl3) 
Jo ~()HMAT <57H ··No- T 

2SR) .. . -
p 

~~ ~g~~:l < ~~·~ 1~:-~·~I~: ~ ~i?-~:-~~-~~·if!!> ) 
J9 FoKMAt clX.l4H~oLt F~iCTIONS > 

40 f.o8rA.A! C1X,42t:i ,. H P~ - TL 
41 1-0HMAT (1X.l2tl3_,l1Fo,3) 

TM 
TR 

PM 
ZK 

LOG FWW L6G FYY LOG FW 

· TR 

O! OP 

42 Fo~MAf <?H o~l~;aFo.J;1Fa.4> 
't3 f. Q~_MA! ( 1 X .l?.,__?.E. 7.!r~·'·g·~-~-:..- )lEJ9_f'J.Q_ R~~G;_ 9f. ... ~ AND 1\ __ _]__________ __ _______ _ ____________ -· 
44 ~O~MA1 <l.X.I2,?F'7!J,l?~ NO CONVERGENCE ) 

lNPUT AND pREPA~~TION 

101 
~EAo .. ilt(TllA~;M~~.~~~KC~~~C,NPC,~S,~AA,K~,~y,EI 
PRINT lltCTI<M>,M=lt6>tKCL•NCtNPCtNStLAA,KE,lYtET 
.tF_ {1~-?- ,EQ. Q)_~_N_S=l __ -·_' ... ~ ... __ __:______ _ ... ~--- -
IF <KP 81 ,82t81 

t12 t\t.=3 
tsl KH=a 

IF. (K~'"'4) ~!4t$41183 
83 KH=l 
tit+ fOi'-1! l~UE 

"' ......... - ......... -~---· ·······------~-----~---~----···-·· 
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~5 lf (I:::Y) A8,8'hf38 
e9 lv=o.ooo3 · -
!j8 If: <ET> 91),919'10 
~~ tr=n.06ol -
9() CONT II'~Ur 

IF (hiC-i> 102t102tl03 
NC=l -· . -102 

1()3 

los 

1()6 

Rt.AU J.3, (SUB(l,M) tM=lt4) •hhPM.ZM 
~RINT 13,(SUB(ltMitM=l~4)tfM,PM,ZM 
AM;;3 ~ d'+7 3.2?~t:_M .. ZM'1.!M~ I'~~~QRt l TM} /PM 
~M=o.~SQ92jl~Z~~TM/PM 
00 TO lr4 
IJO lOS J=l,l'll<; 
REAU 13, <c;UB(JtM) tM=lt4) tTC(J) ,PC(J) tZC<J) 
iA(Jl=3.84~322ilC~J>~iC(J)iTC(J) .. TC(Jl~SQRi(TC(J))/PC(J~ 
bA.<J>=o.2.5(1.9?.lf*ZG<J>:.~!C.t~Jje_G<JL.--- .. -_- _- .. ___ .. __ _ 
1-'RINT 13t <sUB(J,M) tM=lt4> ,TC(J) ,PC(Jl tZC(Jl 
0u uit~ J=2~NC . . . - ... 
HEAU l4t(WW(JtM)tM=l•NC) 
~RINT l4t(wwcJ,M)tM=l•~C) 
tONTlNUf .. ... . 

i>o lurM:L.NC 
ww (Mti-1) :().;; 
WW(ltM)::WW(Mtll 

t.: 0 I"' f3 I N A T I 0 r j 
itS HEAU l~t~y,(YS(MltM=l•NC) 

PRXI-IT l2 
PR!I'<T 39 
~RlNT l6tKy,<Y~(M)tM=ltNC) 

KF=v 
~07 !M=O.O 

Lil 

lu9 

brvt=o.o 
AN=o.o 
Ap=OeO 
PRlt'IT 1~ 
UO 109 J:l-.NC 
LM=ZM+YS(J~*ZC<J) 
~M=BM+bA(J>*YS(j). 
ss=o.o ·· 
lJO 111 K:},NC 
SS=YSlK>*Ww(JtK>*S~RT(AA(J)~AA(K))+SS 
AP=A~+YS(J)~SQRftAA(J)j -
~N=AN+SS#V~(j) •.. 
AM::M'*AP+AN ... 

UCRL-19011 

lM= t 0 .• ~5992.11 ~_0 .. .2.~_99_2j l.~AMLtZM. ... Bt1ll~~-O __ ,_ft6.~Cl~1- . ····--·-- ______ _ 
PM=TM'0.25Q9~ll1ZMjB~ . . ' 
iF <Kf'.r.::o .. 1 >-Go·ro 104 
~RlNl-26 - ~ 
Pk .lNT 17, T·'~ ,PM' ZM 

.IJ4 .IF (K~-1) 12lt~7tl~O 
. . . ·--~---··-··-· -· ·------·· --- --·· ... -

ltM~ERATUR~ PRESSURE SCHEDULE 
~o IF <K~-1 > i'zi ;122;12~ -- -
c2 UO 12~ ME:1tMX . . , 

TR(ME>=rR<ME)~lMM/TM 
0PP(M~):DPP(MEf~PMM/~M 

. 23 ~R (M~j __ ;;pR (t-1E.1.i.tM.M/~f'·( --- --·-·- ___ .. ____ ---··------ ·--- ----- -- - -- --- ---



c 
c 

GO TO 124 
l~l ~t::=r) 

PRINT 12 
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. _ e.t~.l~N T ':t.o ...... ··-··-·-.. ___ .. ·---·-·--------·-....... .. . __ .. __ ........... ----------- .... ----- -------------· .. _____________ .. 
113 HEAU- lStKStNOTtNOP,TL•OTtOP 

lF-~Kf,iG.f> G6 TO 1i0 
~Rl~T-lStK~tNbT,~OP,fLtDTtDP 

11 o ME. =r·& + 1 - · · - .. 
'ik(ME>=TL/TM 

!_C.7 !F.. ( ·!~.tMEJ .. ~0,?2..?J .. l~~-'J2,gl_tl.Z~L ... 
1~5 lR<ME)=TRCME)+DT/TM 

~UT:NOT-1 - ~ 
fF- (NO!) ·l·?8d28tl27 

lt!8 ME=ME-l 
lF (K~) l?.qt~?~tll3 

12 9 .. J F < M~ •_J..l __ gJ._.tJ_?t l.~_Q.. ____ .. .. . ........ _ .... _______ ... . ... ___ __ 
1~6 UQ 114 JT=1tNOT 

IF cJf·t> il~,ll6tll5 
.115 M£=ME+l 

TRlME>=TR(ME•l)+OT/TM 
116 P~(MEi=OP/PM . '. ' 

OpP < i~E) :PR E> 
"'A' " .,·• ,-• "''' .tt:1J,-.. ,·•• .-.. ., ······• ............. .. 

lF <NOP. LT. 2) GO TO 114 
bo 11-~ JP:;-,_,NO~ 
ME=ME+l 
I H ( r,1(;.) =TR ( ~~E·l> 
OP~(M~>=DPP(ME~l) 

11'7 P.R <M~ >. ;::_pp_c t·it:~ l >, •DP.lPM 
114 CONrlNUE 

if (KS) 11Jtll8t113 
118 MX=~£-
1C.4 lF (LAA) l19tll9d20 
li9 LAA:30 .. 
l2Q_~A=.LA~+LO. __ ..... 

A(l)=l.n 
E.t~>=l.o 
t.(~>= ... i.,o 
IF (KF.EQ 11 1) GO TO 50~ 
t-'k.INT-12 
eR L_N !. .. 2,7 __ ........ _ 
AN?:FLOA T (>,IS)_ 

MAlN CYCLE 
MS;::NS+l 
DO 201 ME=l ,MX 
t-'k1J=2;0#PR ME) 
1 F <·oPp (ME ,c ~<;-;:-~PRo> ---Go-- ro -24-o-- -· ·· 
UuP:O~~<MEl/iNS .- -
ooO=l;ool*nPP<~E> 
lF-(P~(~E>.GJ.~OO~ GO !O 203 
Q lf'·hd. 0 

t~-~~§S~·i7{-RRT- ------ .. 
TU=TRJ~;l A {l . 

iT=:TRR-~tTRR,ijTRR 
Cu=1· o 
IF (TRk ... 1.02) cl5•215t216 
QZ=l ~0-E.XP (~,0-•c-~5/IUJ. --~ ......... ___________________ .. ___ -------·--- -----------------------· ______ .. __________ _ 



c 
c 

uctlcl>=n ... o 
so< u =o ~-o 

:215 CONTiNUE 
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.... Ats=:3 ~.e4J32i~-Z,M~ 4.M/ .. (l~~-~_f_R~_!JB~J ..... ____ _ 
8B=o.25992110ZM/TRH 
UEN=Ci.o+O~l~TRRf~~l•O•O~l*TRRl_ 
W=O.l/(J.0+2~66or~> -
V:l.lS*(l.;+2~26~tU>IOEN 
U:~.lOJ*<l.O+J~S9iluiiDEN 
WA=E XI:' (2• 30259_~ < 1 .. ~: 0-~!..Q.*~Jlw), .... l.t .. O. 
PS<l>=o.o 
E.s < u· = o. o 
f:.L<J>=o.o 
St:<P=o.o 
GO TO 2Q4 

~03 .fS ( 1>. =PtHMr; .. •_lJ. _ 
ES(l)=ES<MS) 
t:L ( 1) =EL (MS) 
St:\l>=St:(Mc:;) 
~CP ( 1 )_ =DCP (MS) 
SO(l)=SD(MS) 

~ o 4 C.O.NJ Il~UE ... _ . ___ _ 
Do 205 JS:z,IVlS 
PRR:o;PS(JS .. 1)+1)UP 
PS(J?)=PRR. . 

k ANIJ K 
lr. _(liC•.J. > ,3_o.~Jo,2.Jl 
AK=0.4278*pRR/(TRROTHk~TRS) 
Afd 1) =AK - -- . , -- , ... 

uK=o.08667#PRR/TRR 
erH 1) =~K - -. - .. 

GO TO 233 
t:.itt=o .o 
Aw=o.o 
IJO 232 JE=1 tNC 
T J=TRH*Tt-1/TC (JE) 
1 JS:SQRr <T J) .... 

PJ=PRR~PM/PC(JE> 
As=.o ;_~278*PJ/jJ..j•T J*T JS> .... __ A R < J E > =sa R"r c As) - - - - - · - ·- --- -- ···- - - ... - -· - ------ - ----.-- - -- -. 
AQ=AQtYS(J~)*Ak(JE) 
8RCJE~=n.o~61~~J/tJ 
bK=BK+YS(JE)~BH(J£j 
CONTINUE - .... 
AK=AQ~At~ 
CONTlNUF 
E(3):AK:BK~(leO+BK) 
E.(~)=·AK~R~ 
~A~L VIETA(EtYVoM!> 
IF (MT> 2o~;,2o7,2o7 

C-06 ZL<U:Yv<ll .. - .. 
lL.(2)=Yv<3l 
LK=2 .. 

GO TO 2nA 
LL(J)=YV<U 
LK=l 
IJO 2011 ,JK:el ,~K 

UCRL-19011 
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DSS:lL(,JK) ... t:iK 
IF (OSS~GT.o~Q) GO TO 209. 
~RlNT-41,Mrt{RiME),p~(ME) 
(J_(). T Q .. 24 0. . ·--·-·· . _ . ..... . ... ··-·--'" ..... ··---------·-· ........ - ............... ____ ................... ____ ..... --------- .. ·-·-----·--·------ - .. --·------··----.. --... . 
FL(JKl=7L<JK)•l·O·ALOG<ZLlJK)•eK>•AK*ALOG(l.O+BK/ZL<JK>>tBK ~09 

21 (J 

cl4 

lF tLK-U 2lO,t:!lQ_,2ll- -
lF (~L(2)•FL(li> 212,2l0,2lo 
f't<.=FL<2> . .. . 
lK=ZL(2) 
MP=2 
00 TO 214 
FK=FL.(l) 
LK=ZL(l) 
tvlp:: 1 
CONTlNUf: 
:i,f_JF.K .,_GT. .... .lOO.•Ol. G9. !0 ___ ~_2 ...... . 
l..A(l)==ZK 
AC==At3~PRR 
8C•Bti~PtH~ 

~PPROX!MATION CYCLE 
_uo:.Jol. JA:::.u.b.~~-----·-----------·-----·-· ....... - --------- ---- -----····--------·--· 
U:PHR~ZM/ITRR*ZA(JA)) 
S=0*<j•O·D•<~;o•O)) · 
GLL:lo6+WA•S .. . . 
GL:W*ALOGle(~LL> 
IF (S•l,O) 306.9Jo7,307 

~06 ~~=.l !~3; <1RH~I~?> .;.1·~~ . . _ 
bL=GL~(w8+(l!OpwB>*S~ 

~07 GLG=l•O+U*s*S*(S-l.D)*(S ... l•O> 
IF <GLG> '17,97,Jo9 . . -

~nY GG=V*ALoGi8c&LGJ 
A <2> :'-.iL-1.0 -~ . 
A. c ~>=A~*< 1 .. o--~~ )_ -:t?c• U..!JJ~§.l:+_Bf.: L.. .. . .. ··---- _____ ........ _________ _ 
A(~)=•Ac~Ac~<l.OwGG) 
t.: ALL v 1 E T A {A ,_x t M TYPE ) 
~lTP (IIIJEf:l o#MTYPE+MP · 
IF~ (J~.;.LAA1 ~1?9~1?,~1~ . _ . . . . .. 

~13 PR~N! l~,M~t~AtMTYPE!<~CM)tM:2t4>t<~CN),N=lt~> 
~12 lf <MIYPEJ :.U.'+' ~ l5 'Jl,:1. __ ______ _ ______________ .... ··-~------- ---------···-- __ 
~14 lF (M~·l) Jl5,~15,~1~ 
~16 LS<JS>_=X<31 

Go TO 317 
Jl5 LS(JS>=X<ll . . . . 
317 lf cA8S(ZS(JS)•ZACJA))•o,0004> 3l8t319t319 
~19 IF (JA•lO> 3?Q~~?o,J?i ··----· _ ............ -
~~~ DIS:(LS(JS)•lA(JA))~(ZA(JA)•lA(JA•l)) 

lF- (01$) 3?2t~~~,3~3 - . 
322 QIN=0!_941-QlN 

GO TO 320 
323 QIN=l•05*GTN 
, .JF <(rJlt~·J .• tH .... ;t?O..,;g_o ~~?.4 ............ _____ _ ·····------·--·--· ... ---·--·-· -----------·--·---··-··· ·---------·--·--····-·· ____________ -··-
324 QIN:leO 
jzo ~A-(JA~l}=QtN~Z5(JS)+(l•O•YlN> 0 ZA(JAI 
j 01 CONT l NUE , . .., - ... - ... 

- PRiNT 4~,M~ 9 TRCME),pK(ME) 
240 0P~(~E>:lO~oiPHtM~) • 

A f - tM& ,,£Q • MX>. ·.99 ! 0 ~-Q 1 .. . .. .. ...... .. .. ..... ..... . ... ---------- ··------·---·-------- ....... _ ··-·· ··--··-·---------·--···· __ 



c 
c 
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lf (TR(t-.1\E+i->•EQ,TR(ME)) O~P.(ME+i):OPPCME) 
~0 r0-2nl - - - .. 

J.JCRL-19011 

~lB ~S(JS>=AC~~G/(ZS(JS)+BC>·lS(JS>*GL/(ZS<Js)•BC> 
~5- tJ? >.-=E SJ.is >,.~.4~ ( ~ S > (e_~R - ------- ·-- ·---- .. _ -. -- ·_ -- - - ---- -· _ ------·------- ___ ·-- _________ _ 
~L(JS)=PRR/ZS(JS) 
If eEL (JS-1 > ~NE~o,o> GO TO 325 .. . .. ___ . 
tS(JS~l):ts<JSJ- - -· . 

~25 S£ ( JS) =SE ( ,JS.;.l i + 0 • 5* (E,S ( JS) +ES <JS-l) > * (EL t,..IS >. ·~L ( JS ... J)) 
lF n~H .. l.~2) 32o;32t~;327" · · ·· · 

~27 _UP.:: d! 2a 1-.Jl.~Jg~ZMJ ~ (Jl·2..~-~-~T.Y+ J <~ !.J.6--l_5_ •. ri~.Z~_)_~l8R~c ... i..O.~.~-l ..... 3.*-~_ML~--------
2SCJRT ( Pk~) ) 
DcPiJS~=~P~TUI<TT•rr•0·4•PRR•PRR) 
~D (JS) ~SO ( JS;..l )_ +o.!:>• W~P (~S-1 i +OCP (JS)) •oDP. 
GO TO 328 

3~6 Su<JS>=r,,o 
· 'P(JS}. -I,JC .. _ :d).,_: 

.:$~8 CQNT li~UE 
?Js coNTINUE 

lr•df111E) =lK 
FN (Mt i =Ft<. 
L(;i:I(Mt:> :ZS (1'45) 

.. ,·(M£)- ,· E;) '-.G .... -ZGG(M _ 
uc=o.o 
0P=o.o 
!F (TRH ... lo62) €!17,217tCl8 

~18 lG<Mti=ZK+QZ~(l~~(~E~.;.~K) .. _ ... _ . . .. 
UP::(3.28l•llelO~ZM)~(lt-z.~~TU+((4e36•lS.~~zM>*TRR•6.70•21.3~ZMl* 

2§Qt3J ( ~HRJJ . ~----. • . - ~ . _- __________ .. - . _ :.. . _ .. _____ . __ ··- ··-· ___ _ _________ _ 
UC=UP 0 lU*PRR/(fT*TT+0•4*PAR•PRR) 

~17 lF(MEl~ZG<~E>•Ot -- - -- -
UQ 234 JO:n ,NC . 
AU(ME;JD>=~R(JO>*AR(JU) 

2J4 8U(ME~JD)=8R(JU) - . 
AV (M£) =AK .. 

~V <MEi =I~K 
fV (MEl. =FK 
F Kl>=v ~ 4342'J4*f'K 
lF (KCL ... 9) 2l9•220t2l'i .. 

220 PplNT- 19,MF,TRR,PKH,Ql,zK,ZGG(MFl ,ZG<ME>~ZF<ME>,uc,uP 
219 lK=THR*TM . -. .. -- -. .. -· .. ~· - . . -------··· 

PA=PHH~PM 
if· <Kf. •EQ.l) GO TO 2~~ 
~F (KH;EG$ 2 ) GO to 2~~ 
PRINT 2r•ME,T~,PAtTRH,PRRtZKeZF(ME),FKU 

~J6 iF .. (I(~ ... 2l 2zi,20ltZ2~ -

2i!l 

- -· -·-·····-····-·· .. ·-· .. 
fUGACITY CnEFFICI~NT ~ 
~G~=Z~G(ME>-iio~AlOGCZ~G(M~)-BC)-A~*ALUG~l•o•BC/ZGG(ME)~/8C+SECMS) 
f G=FG6 
f'o=o,o 
Et.~=o.o 

.t.a=o.o 
t.c=o.o 
t..u=o.o 
t.~-v=o .o 
Ex=o~~o 
xc=o.o 
YC=.o -~ lL .. 
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lF (THR .. 1.;;2) 222t222t223 

223 ~A=(3~2al-lltlD~ZM)*(!!·?·~*T~)-~TU/(TT*0•6~2~56) _ 
~B:(3~2Bl•fl~l0~ZM)*(<~.36•1S•O*ZM) 0 TRR•6.?0•21,3*ZM)*TU/(TT*TT) 
~c=sQ~I co.632'+_5~1TT> __ _ _ __ __ _ _ _ ____ _ 
XC=EC*tC*PRR 
Yc=EC~SQRT(PRk) 
EX=AT AN (XC) - . ' 

IF (A~S(XC-1!0~"0•0001~ 2~8,238,23? 
23B t.u=q .. 57n7Q,.d 

GQ TO 239 __ __ _ __ _ 
~j7 ~U=ATAN(l.4l4213*YC/(l•XC)) 

"iF cxc.Lr.t.o> GO To 239 
tu:J.,i415Q·::-6+ED. -- --

2~9 ~ft=~.l?6777*~~0~((l.0·!.4l~213*yC+YC*Y~)/(l,q+~,41!213*YC+YC*YC))+ 
20.353554*En 
~l)=E;A_*~X-•2-•. 0_~g_l:l*E~/J.~-f~E..C_~_;cJ _____________ . ______________________ _ 
FG=FN(Mf.>+OZ*(fGG•FN(ME)) 

2c2 fM(ME>=FG+FO. -- -
IF (KCL-9) 20lt224t20l 

224 ~RlNT-i2 . -. 
PRINT 42•Mr,TRR.xc.vc,Ex,FGG,FG.sE<MS>•FN<ME>•FM<ME> 
~R 1 Nt 't?. ,ME, PH8 •EA, E~ ,gc ,J_g ,_E.~, Fu, ?u tM~L,_n~---· - ___ _____ _____ _ ____ _ _ _____________________ _ 
PRINT 12 

~l'l CONTINUE 
lF·-~Kt..LT.~) GO TO 97 
I'F (Kf-..;1) ?25,4029402 

~25 IF (KR~t> ~26t226~5o2 
2 ~ 6 P R 1'\j T -12 - . . __ __ __ 

PRINT 2B 
UO 22 7 ME=;·, r"lX 
PRIJ:2~0 .. PR(ME) 
IF (DPP(ME).GT.PRU) GO TO 227 
tK::TR~~E1*TM- -
PA=PfHMEl*PM... - -
rM~=0~434294*FM(ME) 
fKU:Oo434294~~N(M£) 
fFK=EXP CFN c MEJ )' 
FFM:EX~CFM~ME~i . .. 
eRINJ 22~M~,y~;PAtTR<M~>,~R(ME),FK~tEMD,FfK,tFM 

2._27 CON!lNUE. _____ ..... _________ --·--··-· _________ ... 
IF-· cK£..:.4, 97•228,228 

cc8 UO 23~ MF=1tMX 
PRD:2~0*PR(MF) 
lf <O~PcMF .GftPRO) GO TO 235 ' - . ) ~- . - -- ---
TH(Mf)=TR(Mf)*TM 
PHlMf>_=PR(Mf.~-~er.t .... ___________________________ __ 
ZH(MF~=zF<MF) 
fH(MF')=FM(MF) 
MTPH -(Mf) =MTP (Mf) 
fKH(Mf')=F-NcMF>----

2JS CONTINUE --
TMM~TM­
PMM:;PM. 
LMM::ZM 
IF (NC .EQ. l) GO TO 501 
~F (K~·S) 40lt5Ult40l 

INDIV10UAL FUGA~ITY COEFFIC1~NTS 
.... . ,.. '•· -·' ......... - .... ·- •. ··- •. -- -'. -~--p .. . • 



~01 UO 404 JC=ltNC 
KF=l 
IF (VS(JC) ... Ot9l 405,'+05,406 

406 ~Y=-f.:Y _-_ . '"'. 
405 YS(JC>=YS(JC)+EY 

GO TO 4o7 ... 
402 UO 40~-MF:i,MX 

~RD=2•0*PRcMf) 
If.;- (UPP (MF) .GT ,1-'ROl GO fO 408 
fRlMfi:tR!MfiilM/TMM 
Gp~(~~):OPP(~ff•P~/PMM 
PR1MFf~PRCMf)i~~jP~M 
~X(M~~~Cl=(f~(~~)~tH<ME))/EY 

~1)8 CONTINUE: 
vs(jc>_=vs ( 1c> ·EY 
1M::::lMM . 
PM=PMI"l 
Zrvp::zMM 
IF (YS(JC).Q,9) 404,404,416 

~16 ~v=-E~ -- · - - -
'+04 CONTINUE 

~R_l_NT 12 
PRINT 29 
Go 409 MF=,,Mx 
PRIJ:2~0'1l>PR(Mf) 
iF- (UPP(MF),Gf.PRD) GO TO 409 
F·s=o.o -·-

_G_o 410 JC:i 11.NC 
'+10 fS=FS•YS(Jr>*FX(MftJC) 

luX=ALOG<Z~(M~l·B~<MFiJ 
FvY<Mf>=Oel . -·. 
~- w w cr~F > = o • o 
Do 41 l . JC= 1 , NC 

. -57-

f Y ( Mf 'JC.) :FH (Mf > +f'X ( fvJF .. f .. JC_) __ .. f~S... .. _______ ... ____ _ ____ _ 

UCRL-19011 

~W(M[•Jc>= 1 ZN<R~)~l.Ol~BU(MF,JC>IBV(Mf~·A~x~ 
2(AV<ME)/BV(ME>>*(2~0*~~RJ(AU(MF,Jt)/AV(Mf)~•dU(Mfl~C)/BV(Mf)>* 
3AL0G(len+Bv<Mf)/ZN(MF)) 

~ll CONTINUE . -·. 
409 toNrlNUF.:. 

UO 41~ MF.: 1 ,_MX 
PRU:2~0*PR(Mf) 
IF (UPP(MF>,Gf,PRD> GO TO ,12 
FOW=0~4342q4~F~H(Mf>­
Fov=D•~342Q4~F~iMf) 
Fwucli :0.434294*Fw<Mf•l> 
fyQ < u: ;0. •. 43~~-~'+*f.YJME,! U ____ _ 
fFW(l~=EXPcFW(Mftl~) 
~FY<l~=EXPcfY(M~,l)) . . 
PRINT 23.MFt!~(MF>tP~(MF)t~DWtfDYt[WD(l),F~D(l),ffW(1)•tFY(l) 
NO=NC•l 
FwC(l):yS(~)*fwO(l) 
~YC 'c 1) = YS tl > ~ftJ.U.l) _ 
IF (NC ... 2> 4l3,413,'tl4 

!14 uo 415 JC:2,~D . -
FwU(JC>=Oo43'+294*FW(MFtJC) 
Fy~(Jti:Oo434294~FY(M~,JC) 
~w~~JG>=FwccJt;l)~YS(jC)o~WDcJCJ 
~yf{j~~:FYc(~C•Li+YS(~~>~tYULJCl 
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ffW(JC>:EXP(FW(MftJC)) 
FFY(JCJ:EXp(FY<MFtJCJ1 

~15 PRINT 24tFWDiJC>;FYo(JC),FFwcJC)tf~Y<JC) 
~ 13 tv..~ ( NC) =0 .• _4J't .. 2~4~~ W_( Mt.•.N.c.L .. _. - - ~--- .. -- -- - - . - . ---- .... -

FyU(NC)::0.434294*fY(MftNC) 
FwCcNti::FWC(~OJ+YSCNCf*Fwd<NC> 
~Y~(N~i:Fy~(NOi+YS(NCi4Fy6<NC) 
FFY<NCi=EXPcFvtMF,Ncfi · 
FFwcNt>=fXpcF~<M~•Ncii 

UCRL-19011 

~Rlf~! ~!:>tf;,!CJN~) ·;~YC t(\J_~> ,t_~Q_(N_CuF-·yp Cr-JC>..tft:._~(N~1Jf_~y_{_N~t 
~12 ~ONJINUE 

':>ul 

1\f-=0 
IF (KH""]) '~7t50l t'H 

HEAT (..0NTEIJT, t.N TROPY 
KH=z ..... ___ - · 
PRINT 12 
~RINT 36 
IJO 5U3 MH:19MX 
TR(MH)=TP<MH)+t:.T 
Go ro 5(14 -
U(} 50~ .MI::h=.t.t..M...X .... 
PR0=2•0~PRtMH) 
IF (O~P(MH),GT.PRU) GO TO So5 
fk(M~>=TR(MHf~Et . 
HT:(FHCMH).fM(MH))*TRCMH)/ET 
~k=HT~FHCM~)•ALOG(PR(MH)) . 
~L.G=A~OG < PR.l~.ti'>). ___ . . ~ ___ ----------·-- _____ . 
IF (KCL ... 9) 506 t507 tSOo 
~RINT 37,MHtTHCM~j,p~~MH)t~H(MH)tfM(MH)LPl~t~TecMH),MTP~(MH) 
CONT lNUf:. 
~H~~! J8tMHt!H(M~),p~(MH)t!RCMH)tP~(MH~,HT,S~ 

~05 ~ONTlNUE . 
__ 1\_H:; 1.. - . . -- -- ·-··- -- --- ............ - ·-----------------··-------·------· ---- .... .. ... ---·---- -----....... --------------·--- -------- -------· 

~7 <.:ui'IITlNUF 
If <KY> 98,98,1_08 __ 

'18 HE~~ . i]., <i' I ( M >. • M= l• 6 ). 'KC~ 'NC • N-PC ~ NS, U\A-~-K~ ,-~-v 9 E'T 
IF (KCL> 99tl .. Olel0l 

I.J9 STOP .. 

l;f~~ 

SUBROUTINE VIETA (At Yt MJYPE t 
4 SOLUTION 0~ THE G£NE~AL ~UBIC EQUATION MOO 4 

--~!{~~-6~i 3 ~~~--~-~-i}-;-~;;~~~-~--;·~-~~~~--;;fu~--G-ENERAC-·usE--·------·---------------------· ----------~--------------· 
l.llMEt~S'foN A-(~); B(3f,-Y<3) - . . ·-. 
b(l) :# A(2)/Ad) ... . .. 
t-il0V3 = B<i-)./_3,6 
8(2) = A(3)/~Hl) 

. BJ~) . =. -A ( 4 )/A.U • .i .. -· ----- - -·--- ----·----- . ---·----- -------··· --- --------·------·--------------·-- .. ----------------·- --
ALF = 6(2) ~ B(i)*Bl0V3 
~;jET = 2"o~~novJ~Hi-J "' ~(2)·*BlOV.3 + 8(3), _ 
8EIOV2 = b~T/2oti ... 
ALfOV3 : Ai)/3~0 -
cu~ovj =.ALFb~3~•3 

_sQao v.z .. = .er::.to.v2~.~2 
0E~ = SQBOv2 + CUAOV3 
lF (U~L) •A,zu,~o .. 

.. -· ------·-------·---------- ----~----------------------- ........ .. 
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C MTYPE=u TWO ~00~5 EW~AL 

c 
c 

c 
c 

c 
c 

c 
(;. 

20 MTYPE ::: 0 
\.7AM = SoRTF.(:"'A\..FOV3) 
IF (~tt) 22t22~~1 

21 Vt~l ~--2.0~GAM •BloVJ 
ic~> = GAM --Bl0V3 -
'icJ> =vC2) 
GO TO 5o 

22 ~(~) = z.o.GAM ~8jOy~ 
Y(2) = -GAM •BlOV3 
Y(~) = Y(2) .. 

GO TO 5n 

MTYPE=l TWO CUMPLEX ~OO!S 
::Jo MTYPE = 1 ... 

t.P? = ?(.JRTF (D~~ >. 

TAU = -RETnV2 
HCU::TAU+EPS 
SCU=i'AU-EP-.;; 
Sir<=i•O 
SIS:::l-;0 
IF (HCU) 3··,~2•~2 

:,H SIK=.""l•r' 
32 IF. (SCU) 33,34,34 
33 sr=>:-l.n 
34 R:::§IH*(siR•RCU>*•0.33333333 

s:sr s• (S I s~_sG.u >. *~ o_., 333~3_3_~_3_ .. __ 
Y(l>=~~AL r~OOJ; Y<cn;R~AL -PART AND Y<3l~IM·~·G.~NA~·v·--~~RT Uf-TWO 
COMPLEX ROoTS 
Y(i) ; R + s· • BlOVJ 
Y<~> = ·<R+S)I2.o- 81ov3 
Y(~l = ~.8~602540*(R~~) 
GO io 5o . . · · 

MTYPE=·l THREE REAL HOOTS 
40 MTYPf = ... 1 -. . - .. 

WUUT = SOBnV2/CUAOV3 
Roui = SQRTF(~dUOT> 

.. iFCdET> .42.4lt41 -. 
41 PHl = (le57Q79b3 + ATANF(HOOT I SQ~TF<le6 ~ ~OUT**2))) I 3,0 

Go ·ro 43 · ~· - ·. _ ... _ .. _ . . . . _ 
~2 PHI = ATANF(S~HTf<l.O ~ R00T**2) I ROOT) I 3•0 
'+.3 f. ACT = Z • oisi~B tf1·ALt 9.'(3_L ________ ·--·- ___ ·--------·· __ ·-=··-- ----·-----·-·- ----- ·-- --·- ·---·---· 

i(l> = FACT#C6SF(PHil ~ Bl0V3 
~1~) ; fACT#¢O~F<~8I'• 2.0943951) • B1Qv3 
YC3) = FiCT#~Q~~<~HI + 4.lA879Q2) ~ 810V3 

Yell HlGHE~T ROOTt Y(3) LOWEST ROOT 
-~~=!~t~·i : ~- ~g-: ~~ ~~~ .. :-~ ~-~·} }- -· ---- - -____ ----·--· .. .. -... --· .. ··-- . ··--- -----· -·- . --- -------
YH=Y(l)tY(2)+Y(3~~YA·Y~ 
Y(i)::YA 
Y<2>=YB 
V(~)=YC 

So HEl UkN .. 
Et\IU 



, .. 

c 
c 

c 

102 

103 

1,05 
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NC=1 
READ 13,(SUB(l,~l __ ,M=1r4l>_!"~,__PM,ZM 
PRINT 13,(SUB(1,Ml,M=1,4l,TM,PM,ZM 
AM=3.847322*ZM*ZM*TM*TM*SORTITMl/PM 
BM=6~2-5-992if*tM-*fM"Ii>M-~----------"--------

GO TO 104 
DO 105 J=1,NC 
READ 13, I SUB ( J , -'1), M= 1, 4 h TC I J l , PC ( J l , ZC ( J) 
AA ( J l =3. 84 7322* tt I J> *lcfJf*t"t: fJ>"HcLO#sQ-RT (T ti J )") /P: I J)­
BA I J l =0. 25992ll*ZC I J l *TC I J) /PC I J l 
PR(NT Uol SUB(J","MY~-M;;l-;4 i;rc1"ii; PCTjf~Z.tTJ) 
DO 106 J=2,NC 
READ 14, ( WW ( J. Ml ,-M=T ;Ne·-;- · ··----- -----
PRINT 14,(WW(J,M>,M=1rNCi 
CONTINUE-·· -- ------------------

DO 107 ~=1,NC 
·ww(M,"i=r:i.(f 

107 WW(1,Ml=WW(M,1) -- -- ---~ -~-~---~- -~---.. -~--l 
ios 

407 

111 

109 

CCMBII\ATION 
READ . 16, K Y, I Y S PH , M=i ;·NcT·-----
PRINT 12 •"pf< INT 39 ------------------------------- ---------------------

PRINT l6oKY,(YS(Ml,M=1rNCl 
.KF=O ---·-
ZM=O.O 
BM=O·O 
AN=OoO 
AP=O·O 
PRINT 12 
DO 109 J=1oNC 
ZM=ZM+YS(Jl*ZCIJI 
BM=BM+BA(Jl*YSIJ> 
SS=O·O 
00 111 K=1,NC 
SS=YSIKl*WWIJ,Kl*SORTIAAIJl*AAIKll+SS 
AP=AP+YS(Jl*SORtiAA(j)) 
AN=AN+SS*YS-1 Jl 
A·M=AP*AP+AN 
TM=IOo2599211*0.2599211*AM/IZM*BMll**0·6666667 
PM=TM*O• 25992i1*ZM/B~f - .. -- -
IF IKF.EQ.1l GO TO 104 
PRINT 26 .. . --
PRINT 17,TM,PM,ZM 

104 IF I KE-ll 121,97,130 

C TEMPERATURE PRESSURTSCHE6(fCE ______ __ 
130 IF IKF-1> 121,122,122 
122 DO 123 ME=1,MX 

TRIMcl=TRI"El*TMM/TM 
123 PRIMEl=PRI~El*P~M/~M 

GO TCJ 124 
121 ME=O 
113 READ 15,KS,NuT,NOP,TL,DT,DP 

IF IKF.EQ.ll GO TO 110 
PRINT 12 
PEl INT 40 
PRINT 15oKS,NDT,t.JDP,TL_,DT_,DP 

110 ME=ME+1 
TR I ME l=TLITM 

127 IF ITRIMEl-0.722> l25r125r126 
125 TRIMcl=TRIMfl+OT/TM 



c 
(; 

128 

129 
126 

115 

116 

117 
114 

118 
124 
119 
120 

504 

202 

216 

215 

203 

NOT=NOT-1 
IF INCTl 128,128,127_ 
ME=ME-1 
!F (~S> _12~-·J~'I1_ll_L _____ _ 
IF (ME-l> n,97tl26 
DO 114 JT=1,NOT 
IF IJT-1> 115,116,115 
ME:=ME+l 
TRtME>~-TR(ME-f)-+"f)r/TM ···-··-- --·-

PR(ME>=DP/Pf-1 
IF(NOP. LT· 2>--GO-TO 114 
DO 117 JP=2,N-'JP 
ME=ME+l . -
TR (ME >=TRI ME-l> 
PRIMEl=PRIME-1l+DP/PM 
CONTINUE 
IF IKSi ll3~ii~-;'ifj·- ---
MX=~lE 
IF ILAAl ll9,-119.1ZO ___ __ 
LAA=30 
LA=LAA+10 
AI 1>=1·0 
!:(l),;I.o 
Et2l=-l·O 
IF (KF.EQ.ll GO TO ~6~ 
PRINT 12 
PRINT 27 

MAIN CYCLE 
~S=NS+l 

DO 201 ME=1,MX 
DIT=ABS(PR(MEl-DP/PMl-0·02*DP/PM 
ANS=FLOATINS> - ·- . 
DDP=DP/ I PI~*ANS > 
IF IDIT> 202,202,203 
QIN=1.0 
TRR=TR P_,E> 
TRS=SQRT ( TRR > 
TU=TRR-1.0 
TT=TRR*TR!l.*TRR 
QZ=1.0 
IF ITRR-1.02> 215,215,216 
QZ=1.0-cXPI-0.05/TUl 
DCPill=O.O 
SDIU=O.O 
CONTINU~ 

AB=3.847322*ZM*ZH/ITRR*TRR~TRS> 
B8=0.259921l*ZM/TRR 
DEN=I1·0+0.1*TM~l*(l~b+5.1*fRRl 
W=0.1/(1.0+2.06*TU> 
V=1·15*( 1·0+2o26*TUl/DEN 
U=O.l03*11.0+3.59*TUl/DEN 
WA=EXP(2.30259~(1.0-3•0*ZMl/Wl-1·0 
PSIU=o.o 
ESt 1> =0· o 
ELIU=O.o 
SEIU=O.O 
GO TO 204 
PS (1 > =PR I ME-·1> 
ES!l>=ESIMSI 
EL ( 1 l=EL (MSl 
SEtl>=S~(MSI 

_ _._ --~--



.... 

.~ 
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. - 204 i~!m5f:::::: ~=--- ---=- ~~ - · · --~- --l 
c 
c 

c 
c 

·i>i<R,;,F>s ns.:.:n +o[fp-------------------------·--------·-··-·-------~-----~ 
PSIJSI=PRR · 

R AND K 
IF iNc-I> .:r3o;z3o~t3r- ------

230 AK=0.4278*PRP/ITRR*TRR*TRSI AR I i I=AK ___________ ---- --------------- ... -----····-----------------------------·----------- I 

BK=O.Q8667*PRR/TRR 
BRIU=BK ··-
GO TO 233 

231 BK=OoO 
AQ=O.O --·-oa n2- JE~1.r-rc-- ----------------·-·-··-··-
TJ=TRR*TM/TCIJEI 
T J-S=SQRT IT Jl 
PJ=PRR*PM/PCIJEI 
AS=0·427S*Pj/it J*T J*T iS) -
ARIJEI=SQRTIASI 
AQ=AQ+YSi JE>*AR(JET ---------·---- --------- ·---··-. 
BRIJEI=0.0867*PJ/TJ 
BK=BK+YSI JEI*BR I JEI 

232 CONTINUe 
AK=AQ*AQ 

233 CONTINUE 
E I 3 > =AK-BK* I f.O+fiKI-­
EI41=-AK*BK 
CALL VIETAI~tYV,MTI 
IF IMTI 206,207,207 

206 ZL ( 11 =YV I 1) 
ZL I 21 = YV I 3 I 
LK=2 
GO TO 208 

207 Zl I U=YVI 1 I 
LK=1 

208 DO 209 JK=1,LK 
209 FLIJKI=ZLIJKI-1.0-ALOGIZLIJKI-BKI-AK*ALOGI1·0+BK/ZLIJKII/BK 

IF (LK-11 210,21tf,2lf ··- ~· ····--- . ---. - - - .. ·-------- --·-·· 

211 IF IFU21-FLIU I 212,210 1 210 
212 FK=FLI21 -. 

ZK=Zll21 
MP=2 
GO TC 214 

210 FK=FL!ll 
ZK=Zll11 
MP=1 

214 COf\lTINUE 
IF I FK .GT. 100.()) GO TO 99 
ZAIU=ZK 
AC=AB*PRR 
BC=BB*PRR 

APPP.UXP1<\TION CYCLE 
DO 301 JA=1olA 
D=PRR*ZM/ITRR*ZAIJAII 
S=D*I3o0-D*I3o0-Q)) 
GLL=1oO+WA*S 
Gl='w*AUJG10 I GLL I 
IF IS-1.01 306,307,307 

- i 
I 
! 



306 WB=1·43/ITRR*TRSI-1.32 
C.L =Gl* I 'ciB+ I 1. G-WBl * S? 
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307 GLG=1·0+1Jt.<S"'S*I S-1.01*15-loOl 
IF IGLGI 97,97,309 

3Qg GG•V*ALJG101GLGI 
AI21•GL-1·0 
AI31=AC*I1·0-GGI-BC*(1.0-GL+BCl 
Al4l=-AC*BC~(1.0-GGl 
CALL Vl~TA(A,X,MTYPEl 

MTPIMEl=10*MTYPE+MP 
IF IJA-LAAI 312,312,313 

313 P R I NT 1 o , "1 E , J II, MTY P E, I A I M l r H= 2 r 4 l , I X I N l , N = 1 , 3 l 
312 IF IMTYPEI 314,315,315 
314 IF IMP-11 315,315,316 
316 ZSI JSI=XI31 

GO TO 317 
315 ZSIJSI=XIll 
317 IF IABSIZSIJSI-ZAIJAll-0.0004) 318r319,319 
319 IF IJA-101 320.320,321 
321 DIS=IZSIJSl-ZAIJAli*IZAIJAl-ZAIJA-111 

IF IDISI 322.322,323 
322 QIN=0.9*QIN 

GO TO 320 
323 QIN=loOS*QIN 

IF IQIN-loOI 320,320r324 
324 QIN=l.O 
320 ZAIJA+1l=O!N"'lSIJSl+(l.O-QINl*ZAIJAl 
301 CONTINUE 

GO TU 97 
318 ESIJSI=AC*GG/IZSIJSl+BCl-ZSIJS>*GL/IZSIJS>-BCl 

ESIJSI=ESIJSI*ZSIJSj/P~R 
ELIJSI=PRR/ZSIJSl 
IF IELIJS-ll.NE.O.Ol G~ Tb 325 
ESIJS-ll•ESIJSI 

325 SEI JSI=SEI JS-1 Ho.s>~<I!:S(JS.HESI JS-1 l l*IEL I JSI-Ell JS-1 l > 
IF ITRR-1.02> 326,326,327 

327 UP=(3.281-11.10*ZMI*ITT-2.6•tu+i i4.36-15.0*ZM>*TRR-6.70+21·3*ZMI* 
2SQRT I PRRI > 

DCPIJSI=UP*TU/ItT*TT+ti•4*PRR*PRRl 
SDIJSl=SOIJS-11+0.5*IOCPIJS-11+0CP(JSli*DDP 
GO TO 323 ~~ . . 

326 SOIJSI=O.o 
DC PI JSI=O.O 

328 CONTINUE 
205 CONTI~UE 

ZNIMEl=lK 
FNIMEI=FK 
ZGGI I'El=ZS I..,Sl 
ZGIMEI=ZGGIMEI 
oc=o.o 
UP=O.O 
IF ITRR-1.021 217,217,218 

218 ZGtMEl=ZK+iiZ*IzGG{}.ff:"l.;.·zRT ........ - - ... - ···-. 
UP=(3.281-11.10*ZMl*ITT-2·6*TU+( (4.36-l5·0*ZMI*TRR-6o70+21~3*ZMI* 

2SQRT I PRR l I - .... -~ . ... ·-· -
DC=UP*TU*PRR/ITT*TT+0•4*PRR*PRR> 

217 lFIME)=ZGIMEH-DC ....... . 
DO 234 JD=1,NC 
AU i ME, JD l = ~R·f j"5T¥MHT6Y --- --- -----

234 BUIME,JDI=BRIJDI 
AVIME>=AK 
BVIMEI=BK 

I 
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c 
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FVIMEl=FK 
FK D=O o434294*FK 
IF IKCL-~l 219,220,219 

220 PRINT 19,ME,TRR,PRR,QZ,ZK,ZGGIMEl,ZGIMEl,ZF(~El,DC,UP 
219TK=TRR*TM . --- ·-·- ··-··· -· 

PA=PRR*PM 
IF IKF.EQ~1l GO TO 236 
!F IKH.tQ.2l GO TO 236 
PRINT 20,ME,TK;Pr.,tRR;PRR,ZK,ZF(MEl ,FKD 

236 IF IKE-2> 221,201,221 

FUGACITY COEFFICIENT 
221 FGG= ZGG I ME l-1.0-ALOG I ZGG UiE l._BC> --AC*ALOG I 1. 0+ BC/ZGG I ME »IBC+ SE I MS l 

FG=FGG 
FD=O.O 
EA=O·O 
EB=o.o 
EC=O·O 
ED=O.O 
EW=O.O 
EX=O·O 
XC=OoO 
YC=OoO 
IF ITRR-1.021 222,222,223 

223 EA=I3o281-llolO*ZMl*lTT-~·~*TUl*TU/ITT*0·632456l 
EB=I3o28l-llolO*ZMl*ll4o36-15·0*ZM>*TRR-6.70+21.3*ZMl*TU/ITT*TTl 
EC=SQRT(0.632456/TTl . . 
XC=EC*EC*PRR 
YC=EC*SQRT iPRRl 
EX=ATANIXCl 
IF IABSIXC-1o0l-0.0001l 238,238,237 

238 ED=l-5707963 
GO TO 239 

237 ED=ATAN(1o414213*YC/11-XCll 
IF IXCoLToloO.i GO TO i39 -. 
ED=3.1415926+ED 

239 EW=O .176 777*ALOGI I l~o-T~ 4142t3.0.vc+vc*YC) IIi .O+ 1 ~414213*YC+Y{*YC l l + 
20o353554*fD ' 

Fb=EA*EX+2 .o*E!l~.-E-W7l E-C*1'C*ECf ___ -- - ... 
FG=FNIMEl+QZ*IFGG-FNIMEll 

222 FMIMf::l=FG+FD -·-----··---------
IF (KCL-9> 201,224,201 224 PRINT 12 .... -····--- ----- -· --·-

PRINT 42oME,TRR,XC,YC,EX,FGG,FG,SEIMSl,FNIMEl,FMIMEl 
PRINT 42,ME, PRR, EA, EB·,-Ec-;-Eo ,-E W ,FD ~SO P.1sf, DC --- ..... . 
PRINT 12 201 CONTINUE:"-- - ···-- -·--·-·-----··-·--·----··-------------·-----------·---------

IF IKEoLTo3l GO TO 97 
IF IKF-ll 225,462;402 

225 IF IKH-U 226,226,502 
226 PRINT 12 

PRINT 28 
oo 221 ME;-l;M-x-- -------- ----------··--·-·---- ··---·----· -·-----------------··--· 
TK=TRIME>*™ 
PA=PR(MEl*PM 
FMO=Oo434294*FMIMEl 
FKD=0.43429it*F.N(ME-,---- --- -··---·-·-- ----

FFK=EXPIFNIMEll 
FFM,;,EXPI FM(MEfl 

227 PRINT 22oME,TK,PA,TRIMEJ,PRIMEl,FKD,FMD,FFK,FFM 
IF IKE-41 97;22-8·,-228 ----------- ---------------

228 DO 235 MF=l,MX 



235 

c 

THIMFl=TRI~Fl*TM 

PHIMFl=PRIMFl*PM 
lH(MFl=ZFIMFl 
FHIMFl=FMIMFl 
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MT PH I MF l =M-TP (MF-l --------- ---- ---------------
FKHIMFl=FNIMFl 
TMM=TM 
PMM=PM 
ZMM=ZP' 
IF INC .EQ. ll GO TO 501 
IF (KE-5) 401,50i-;4ot --····------·· 

C INDI V !DUAL FUGACITY c0EFF=-fc-1E-NTS 
401 DO 404 JC=l,NC 

KF=l 
IF IYSIJCl-0·9> 4(_)~!!*_05,_~_06 _______ _ 

406 EY=-EY 
405 YSIJCl=YSIJCl+EY 

GO TO 't07 
402 DO 408 MF=1,MX 

TRIMFl=TRIMFl*TM/t~M 
PRIMFl=PRIMFl*PM/PMM 

408 F¥1MF,JCl=IF~~M~l-F~f~~fi/E~ 
YS(JCl=YSIJCl-EY . 
TM=THM 
PM=PM~ 

ZM.=ZMM 
IF (YSIJCl-0·9~ 404,404r't16 

416 EY=-EY 
4C4 CONTINU!: 

PRINT 12 
PF< UJT 29 
DO 409 MF=l,r1X 
FS=O.O 
DO 410 JC=1,NC 

410 FS=FS+YSIJCl*FXIMF,JCl 
AUX=ALOGIZNIMFl-BVIMFll 
FYYIMFl=O.O 
FWWIMFl=n.o. 
DO 411 JC=1,NC 
FY(MF,JCl~FH(~Fl+FX!MF,jCl-FS 
FWIMF,JCl=IZNIMFl-1·0l*BU(MF,JCl/BVI~Fl-AUX-

21AVIMFl/8VIMFll*(2.0*SQRTIAUIMFrJCl/IVIMFll-BUIMF,JCl/8V(MFll* 
3ALOGI loO+BVIMFl/ZN(MFll 

411 CONTlt\UE 
409 CONTlt-4U:O 

DO 412 MF=1,MX 
FDW=C.434294*FKHIMFl 
FDY=0.4342S4*FrliMFl 
FWC(ll =0.434294*FWIMFr1l 
FYDill =0.434294*FY(MFrll 
FFW(ll=EXP(FH!MF,1ll 
FFY! 1 l=i:XP ( FY !MF,l l l 
PRINT 23,MF,TH!MFl,PH!MFlrFDW,FDY,F~C(1l,FYD(llrFFW(1l,FFY!ll 
ND=r.t;-1 
FWC!ll=YS!ll*FWD(ll 
FYC!1J=YS1ll*FYD!1l 
IF !NC-21 413r413o414 

414 DO 415 JC=2,ND 
FWO!JCJ=0.434294*FWIMF,JCJ 
FYO!JCl=J.434294*FY!MF,JCl 
F~C!JCl=FWC!JC-1l+YS!JCl*FWDIJCl 

I ----- --------. --- --; 



c 
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FYCIJCl= YCIJC-lHYSIJCI*fYDIJCl 
FFWI JCl= XPIF\HMF.JCll 
FFYIJCJ= XPIFYIMF,JCll 

415 PRINT 24,cWCIJCJ,FYDIJCl,FFWIJCI,FFYIJCl 
413 FWDINCI=Oo434294*FWIMF,NCI 

FYOINCI=J.434294*FYIMF,~Cl 

FWCINCJ=C~CINDl+YSINCl*FWJINCl 
FYCINCl=FYCINOl+YSINCJ*FYDINCl 
FFYINCl=~XPIFYIMF,NCll 
FFW(NCl=EXP(FW(MF,NCJI 
PRINT 25,FWCINCI,FYCINCl,FWDINCJ,FYDINCl,FFWINClrFFYINCl 

412 CONTINUE 
KF =0 
IF IKH-ll 97,501,97 

C HEAT CONTENT, ENTROPY 

c 

501 KH=2 
PRINT 12 
PR ltH 3o 
DO 503 MH=l,.MX 

503 TR(MHI=T~(VHJ+ET 
GO TJ 504 

502 DO 505 MH=1,MX 
TR4~Hl=T~I-Hl-ET 

HT=IFHI~Hl-FMIMHll*T~IMHIIET 
SR=HT-FH(MHI-ALOGIPR(MHll 
PLG=ALOGIPRIMHll 
IF IKCL-91 506,507,506 

507 PRINT 3? ,'·1H, THI I~Hl, PHU{il), FHIMHl, FMIMHl, PLG,MTP IMHI rMTPHI ,..HI 
506 CONTINUE 
5C5 PRINT 38.~H,THIMHJ,PHIMHJ,TRIMHJ,PR(MHJ,HT,SR 

KH=1 
~7 IF IKYI 9B,S8,108 
98 READ lloiTI(IH,M=l,61,KCL,NC,NPC,NS,LAA,KE,;:Y,ET 

IF IKCLI 99,101,101 ... 
99 STOP 

END 

Subroutine VIETA 
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··- --SULFU"R UICXIDE ·······--.;;-a l;.;orFo 5 .;.:·a~· · .;.:o. 
S02 K AT 430.650000 77.808000 .269700 

H P TL DT DP 
~0 2 ~ ~~0.650000 92-sooooo· 75~oo·ooOcf __ _ 

·Nc i 
1 430.650 
2 430.650 
3 430.650 

"4 .... 430.650 
5 !;23-150 

- ... 6. 523~150 

7 523.150 
8 523.150 

... NC 
1 
2 
3 
4 
5 
6 
7 
e 

NG 
1 
2 
3 
4 
5 
6 
1 
8 

T 
430.650 
430.650 
430.650 
430.650 
523.150 
523.150 
523.150 
5 23.150 

T 
430.650 
430.650 
430.650 
430.650 
~23.150 

523.150 
523.150 
523.150 

.p TR PR .. ·-· --z-K··- ---iF ____ ------ LCiG-FK _____________ _ 
75.000 1.000 .964 .476 .449 -·1680 

lso.ooo 1.ooo t.928 ·---· -~"340 ~278 -.38i4 
225·000 1.000 2.892 o459 .394 -.4878 
3oo.ooo ~~·ooo ·-3~as·6 ---;;575 ·· .5oa ..;;~9.e4 

. 72_-ooo. -~·215 .. - •_?_6_!! _____ ~.§!!~- ___ _.a.o_~ :_-·:_0~648_ 9229~- -------------------·]· · tso.oao· 1.215 1.928 .614 .6o1 
225.000 1·215 2.892 .584 .568 
3oo.ooo ... i.2i5. -3~856- -----.643 ~620 -.2910 . 1 

··p 

75.000 
150.000 
225.000 

. 300.000 
7~.000 

150.000 
225.000 
300.000 

p 

75·000 
150.000 
225.000 
300.000 

75.000 
150.000 
225.000 
300.000 

TR PR - --loG--FK LOG-FM ---FK _______ ;::-M ______________ ; 

-.1749 
-.4109 
-·5286 
.:...5975 
-.0694 

.668 

.388 
·296 
.253 
.852 

1.000 .964 -·1680 
1.ooo 1~928 .::.3814 
1.ooo 2.892 -.4878 
1.000 3. 856 ·-.5484 
1.215 .964 -.0829 
1~ 2 t 5··1 ~-9~(8 ----.:-~-r-6-93 --.;.:T568 

·67<; 
·416 
·325 
·283 
.826 
• 677 
.573 
• 512 

.... ·• 69'f ----- . 
1·215 2·892 -.2422 
1·215 3.8.56 -.2910 

TR PR HT 
1.000 .964 -1.9962 
1.000 lo928 -4.6217 
1.000 2·892 -4.8933 
1.ooo 3. 856 -4~ 8504 
1·215 .964 - ·7323 
1·215 1· 92 8 -i.6987 
1o215 2· 892 -2.3484 
1·215 3.856 -2.6394 

-.2321 ·586 
-.2834 .521 

SR 
-1-5567 
-4.3320 
-4.7381 
.:..4~ 8322 
-.5358 

-1.9940 
-2.8757 
-3.3363 
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ETHANE -o 1-012-0 5 -·0· - o. 
C21-.6 R PSIA 550-300000 715.500000 ·295000 

H p TL QT DP 
-0 3 5 55'!.680000 180.()00000 201)0.000000 

NC T p TR PR ZK lf LOG FK 
1 559.6 8C 2000.000 1o017 2· 795 o452 .404 --4527 
2 559.680 4000.000 lo0l7 5.590 .773 .745 -.5742 
3 559.680 6000.000 1o017 8.386 1o072 1o 072 -.58<;4 
4 559o68C 8000.000 1o017 11-181 lo360 1o386 -.5632 
5 559.690 10000.000 1o017 13.976 1o638 1o688 - • .5153 
6 73<;.680 zooo.ooo lo344 2· 795 o698 .693 -.1613 
7 73<;.6 ~0 4000.000 1.344 5.590 o819 • 807 -. 2417 
6 73<;.680 6000.000 1o344 8.386 1·024 1o012 -.2570 
<; 73<;.6!:'0 8ooo.ooo 1o344 11.181 1o235 1o226 -. 2415 

10 73<;.680 10000.000 lo344 13.976 lo444 1o439 -.20A9 
11 <; 19o680 2000.000 1.671 2.795 o874 • 885 --0~<;7 

12 9i.<;.68C 4000.000 1.671 5.596 .914 .928 --105<; 
13 <;19.680 6000.000 1o 671 8.386 1.043 1o 052 -·1111 
14 <;1<;.680 sooo.ooo 1o67l l1ol81 1ol96 1o202 -. 0968 
15 919o68C 10000.000 1o671 13.976 1-355 1.359 -.0704 

NC T p TR PR LOG FK LOG FM FK FM 
1 559o68C 2000o000 1-017 2. 795 -.4527 -.4780 o353 o332 
2 5.59o680 4000.000 1. 017 5.590 -.5742 -.6124 ·267 ·244 
3 559.680 6000.000 1o017 8.386 -.5894 -.6302 ·257 o234 
4 559o68( 8ooo.ooo 1o017 llo181 -.5632 -.6024 ·213 o250 
5 559.680 10000.000 lo0l7 13.976 -.5153 -.5508 o305 ·281 
c 739.680 2000o000 1-344 2.795 -.1613 -.1546 o690 o701 
7 73<;.680 4000.000 lo344 5.590 -·2417 -.2374 o573 o579 
8 7 39.6 80 6000.000 1o344 8o386 -·2570 -.2549 o553 o556 
c; 73<;.680 8ooo.ooo 1o 344 llo181 -.2415 -.240.,. • 574 o575 

10 739o630 10000.000 1o344 13.976 -.2089 -.208!:1 ·618 o618 
11 Sl9o680 2000.000 1o671 2.'795 -.0697 -.0572 • 852 • 877 
12 S19o68Q 4000.000 1.671 5.590 --1059 -.0897 • 784. .au 
13 <;1 <;.6 80 601)0.000 1o671 8o386 --1111 -.0928 -774 .8oa 
14 S19o680 sooo.ooo 1o671 llol81 -.0968 -.0775 .8oo o837 
15 91<;.68( 1oooo.ooo 1o67ClJo 916 ...... :..-.01()4 . --:;-~0507 .850 .890 

NC T p TR PR HT SR 
1 559o68C 2000.000 1o0l7 2· 795 -4.1792 -4.1044 
2 559o68C 4000.000 1o017 5o59Q -4.0692 -4.3801 
3 55<;.680 6000.000 1o017 8.386 -3.9641 -4.63S5 
4 5 59o6 8G 8ooo.ooo 1.ot1 1T~Iar·---;.;-3.;,F.s2 ·..;:4. 3754 - -·--· ·- ~ 

5 559.680 10000-000 1o 017 13o 976 -3.6695 -5.03€5 
6 739-680 2000.000 1.344 2.795 -1;.-4789 -2-1509 
7 7J'io68C 4000.000 lo344 5.590 -2-0663 -3.2407 
s .. 739.690 6000.000 lo344 8.386 -- 2;; 1751 -3.7147 
c; 739.680 8ooo.ooo lo344 llo181 -2.1477 -4.0078 

r· --10 13(j~680 1 oooo. 000 1.34-4 -n.;9n -----;;.:z-;·(f$59 .. ---4 • .2126 
---·--·---

"· 11 919-680 2000.000 1o671 2.795 -·6884 -1.5846 
12 <;I-9~680 4000.000 l-.61i 5.'s-9o -1·1236 -2.6382 i 
13 919o680 6000.000 lo 671 8o386 -1.3011 -3.2140 

I ,,._, -



14 
15 

S1S.630 aooo.ooo 
S1So68C 10000.000 
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l-671 11.181 
lo67l l3o976 

•·1o35U9 
-1.3338 

-3.5866 
-3.8544 



I 
-N-BUTANE-CA RBCN 0 fox IDE 
N-BUTANE R PSIA 
C~RBO~ tioxtoe R ~SiA 

-63-

-o 2-012-o 6 -6~ :o. 
765.310000 ~O._!!_~QOOO _ !274000 
54 7.4-9oooo 1o1o.16oooo • z 746oo 

i --···- :-.. 9-.! ____ .. *" •• ::..Q. 

MOLE FRACTIONS 
- 2- .To-o o .9ooo 

NC 
1 
2 
3 
4 
5 

.. -T_M 

567. ~_()_8_7.45 

TL DT DP 

PM 
946.933179 

ss·9.6aoooo -1iHf~oooooo 2ooo~-6oocio-o-

ZM 
.274540 

t P TR PR --ZK - ZF _____ - -- LOG FK 
559.680 2000.000 .986 2·112 .358 .304 -·4293 
55'ie680 4000oQQQ oS06 -4.22it ~6f"(" e564 -.5874 
55Se680 6000•000 e986 6e336 e860 e814 -.6347 
55c:;.6ec 80oo.ooo .986 a.44!f- T~ci9i i.o55 -.6384 
559e680 10000e000 e986 10e560 1e315 1e288 -·6190 

- ---------------·- i 

--------------1 
i 

-- 6 7 39.68ci -- 2ooo.ooo -i ~3o4 --2~ C1z------.&96 ---------~693--------:.. -.Til is ____ _ 
i 
8 
<; 

10 
11 
12 
13 
14 
15 

NC 
1 
2 
3 
4 
5 
6 
7 
8 
<; 

10 
11 
12 
13 
14 
15 

73c:;.6BO 4000·000 1.304 4·224 .713 .702 -.2385 
739.680 6000.000 1·304 6.336 .865 .846 - -~-i'in 
739.680 aooo.ooo 1.304 8.448 1.030 1.011 -.2842 
739.680 lOOQO.QOO 1.304 l0o560 1·196 1.177 - -.2735 
'>1"·680 2000.000 1.621 2.112 .975 .898 -.0624 
91c:;.6ac 40oo.ooo 1-621 4~224 .·as·9 .ass -·1052 
91c:;e680 6000e000 1o621 6o336 e933 o960 -.1248 
91'>·680 8000·000 1o621 8.448 1.042 1.063 -.1268 
S1~e680 10QQQ.QOQ lo621 10o560 1e163 1e178 -.[171 

T 
559.680 
559.680 
5 59·6 80 
5 59.6 80 
5 59.6 80 
73<;.680 
739.6 ec 
739.680 
739.680 
73<;.680 
Sl9o680 
"19.630 
919.680 
S19.680 
Sl.S.68C 

p 

2000· 000 
4000·000 
6000.000 
aooo.ooo 

10000.QOO 
2000.000 
4000·000 
60oo.ooo 
aooo.ooo 

1oooo.ooo 
2000.000 
4000-000 
6000-000 
8ooo.ooo 

10000·000 

TR 
.9136 
.986 
.986 

PR 
i-1"12 
4e224 
6~336 

.986 8.448 
• 986 ~To. 560 

1.304 2·112 
lo304 -4.2"24 
l-304 6.336 
1.304 8·448 
1o 304 1 Do .560 
1·62l·z.ii.z 
1-621 4.224 
1-621 6.336 
1.621 8.448 
1-621 ro. 560 

LOG FK 
-.4293 
-·5874 

--;_~6347 

-.6384 
-·6190 
-.1415 

--.:.-;;z3as 
-.2771 
-.2842 
-·2735 
-~0624 
--1052 
-·i248 
-.1268 
--1171 

LOG' FM 
-.4654 
-·6400 
-.6961 
--7049 
-.6887 
-.12% 
-·2275 
-.2688 
-.2783 
-.2695 
-.0418 
-.0767 
-.0912 
-.0902 
-.07il8 

FK 
.37 2 
·259 
• 232 
·230 
.240 
-722. 
-577 
.528 
.520 
.533 
• 866 
.785 
• 750 
.747 
.764 

FM 
• 342 
·229 
• 201 
o197 
·205 
.744 
·592 
·539 
·527 
.538 
.9QB 
o838 
o8ll 
• 812 
e834 



-64-

NC 
1 

2 

3 

T P 
559.680 2000-000 

559o680 4000o000 

559.680 6000.000 

LOG HIW 
--4293 
-.42•n 
-.5874 
-.5874 
-·6347 
-.6347 

LOG FYY 
-.4654 
-.4654 
-·6400 
-.6400 
-.6961 
-.6961 

LOG FW 
-1.2476 
-.3383 

-1-3142 
-·5067 

-1· 2535 
-·5660 

LOG FY 
-1.3.649 
-.3655 

-1.3934 
-.5563 

-1.3467 
-.6238 

FW 
.057 
o459 
.049 
.311 
.056 
o272 

4 559.680 8ooo.ooo 

5 559.680 10000.000 

739.680 2000.000 

7 739.680 4000.000 

8 739.680 6000.000 

739.680 8ooo.ooo 

lC 739.680 10000.000 

ll S19.680 2000.000 

12 919.680 4000.000 

13 919.680 6000.000 

14 919.680 sooo.ooo 

15 91~.68C 1oooo.ooo 

-.6384 
-•6384 
-.6190 
-.6190 
--1415 
--1415 
-.2385 
-·2385 
-.2771 
-.2771 
-·2842 
-.2842 
-.2735 
--2 7 35 
-.0624 
-.0624 
-.1052 
-·1052 
-·1248 
--1248 
-·1268 
"': ·126 8 
-·1171 
-. 1171 

-. 7049 -l-1458 -1-2353 
-. 7049 -•5820 -.6460 
-.6837 -1·0 142 -1.1015 
-.6887 -.5751 -.6429 
--1286 -·4461 -.4546 
-~1286 -.io76 -.0924 
-.2275 -·6386 -.6671 
--2275 -.1941 -.1787 
-.2688 -.6364 -.6794 
-·2688 -.2372 -.2232 
-.2783 -. 5759 -.6244 
-.2783 -.2518 -.2398 
-.2695 -·4890 -.5410 
-.2695 -·2496 -.2393 
-.0418 -·1963 -.1740 
- o04l3 -·0475 -.0271 
-.0767 -.3056 -.2850 
-.0767 -~oa3o -.0536 
-.0912 -·3216 -.3094 
-.0912 -·1029 -.0669 
-·0902 -.2870 -.2859 
-.0902 -·1090 -.0685 
-.0788 -·2265 -.2350 
-.0788 ..::~1050 -.0615 

NC T P TR PR- - - HT SR 
1 559.680 2000.000 .986 2.112 -4.3476 -4.0236 
2 559.680 4000.000 .986 4~224 ·.:.4-.367"3 .:.4~2745 
3 559.680 60oo.ooo .986 6.336 -4.3426 -4.5d61 
4 559.68C sooo.ooo .986. s.44a ·- .;:4.2222 -4.7329 
5 559.680 10000.000 .986 10.560 -4.0976 -4.8689 
6 '739.680 2ooo.ooo ·1.304 2.112 ---:.:.i.3't51 -1.7966 

• 071 
• 262 
.097 
.266 
• 358 
o780 
o230 
o640 
·231 
• 579 
o266 
o560 
.324 
• 563 
.636 
.896 
.495 
o826 
o477 
.789 
o516 
• 778 
o594 
.785 

7 739o680 4000o000 1o304 4o224 ___ -:~J,?_I,}_g__ -3.0871 
-!! -739-.68-o 6ooo.ooo 1.:3o4-·--6.:336 -2·4031 _,.-3.6365--

~ 739.680 8000.000 lo304 8o448 -2.4556 -3.9487 
10 
ll 
12 
13 ---i4-
15 

739.68o 1oooo.ooo 1.3o4 to~56o -2~4354 -4.172o 
919o680 2000o000 1o621 2o1l2 -.6054 -1o2569 
919.680 4ooo.ooo 1.62-1 --4-~224- -I~Tf16 -2.3.,..57 
919o680 6000o000 1o621 6o336 -1.4005 -3o0369 
s1 ii.68o 8ooo. ooo -T~Kzc· -8:-448- ----::y~-~,-524- -- -3 •. 4786 
919.680 lOOOOoOOO lo621 10.560 -1.6232 -3.7988 

FY 
o043 
o431 
o04() 
o27d 
o045 
• 238 
.o5a 
·226 
.079 
·223 
• 351 
.8os 
·215 
o663 
.209 
o593 
·237 
.576 
·283 
o576 
.6 70 
o94<J 
o5l9 
·884 
o490 
o857 
o5l8 
·854 
-~82 
o868 

P/,OLE FRACTIONS 
--i -~·sacYo -~5o co · .. --- --- ---=----.:=~~ -· ----~=------- -~- ~~~: -- ---· ·--~----------1 

I 
.. ··--r 



-o 

NC 
1 
2 
3 

" 5 
t 
7 
8 
<; 

10 
11 
12 
13 
lit 
15 

NG 
1 
2 
3 
4 

6 
7 
8 
<; 

10 
11 
12 
13 
14 
15 

N't 
1 

2 

3 

4 

H p 
3 5 
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TM P.'l l'1 
654.911539 689.357782 .2743uo 

Tl I)T OP 
55'1.680000 180.000000 2000.000000 

T 
559.680 
559.630 
55<;.680 
559.680 
55<;.680 
739.680 
7 3<;.680 
73<;.680 
73<;.680 
13<;.680 
<;1<;.680 
919-680 
"1<;.680 
<;t9.68C 
919.680 

T 
559.680 
559.680 
559.680 
55<;.680 
55<;.680 
139.680 
73<;.680 
73<;.6gQ 
739.680 
73<;.680 
<;1<;.680 
SlS.680 
<;1<;o68C 
<;t<;.680 
<;1'>.680 

T 
559.680 

559.680 

559.680 

559.68C 

p 

2000.000 
4000.000 
6000.000 
8000.000 

toooo.ooo 
2000.000 
4000.000 
6000.000 
8ooo.ooo 

10000.000 
zooo.ooo 
4000.000 
6000.000 
8000· 000 

10000.000 

p 
2000.000 
4000.000 
6000.000 
8ooo.ooo 

10000.000 
2000.000 
4000.000 
6000.000 
8000.000 

10000.000 
2000.000 
4000.000 
6000.000 
8000.000 

ioooo.ooo 

p 
2000.000 

4000.000 

6000.000 

8ooo.ooo 

TR Pk lK ZF 
.855 2.901 .447 -413 
.855 5.803 .832 .789 
• 855 8.704 1-193 1· 143 
.855 11.605 1o541 1· 481 
.855 14.506 1.379 1-804 

1ol29 2.901 .518 .489 
1o129 5. 803 • 796 _..,.65 
1ol29 8.704 lo073 lo048 
lo129 llo605 1· 341 1-322 
1-129 14.506 1o601 1.589 
1·404 2. 901 -741 .747 
1o404 5.803 .8so .845 
lo404 8o704 1·048 lo036 
1o404 11.605 1-255 1o241 
1-404 14-506 1o460 1·447 

TR PR LOG FK LOG FM 
.855 i-901 --7966 -.9234 
-855 5.803 --9109 -1.0494 
• 855 8-704 -·9106 -1.0572 
·855 11· 605 -·8656 -1.0190 
.855 14-.506 -.7974 -.9572 

1-129 2.901 -.3184 -.3207 
1·129 5~803 -.4271 -.4387 
1.129 8-704 -·4401 -·4567 
1·129 11.;605 --4149 -.4343 
1.129 14.506 -.3697 -.3905 .. 
1·404 z. 901 .;;~i.4ll 

.. 
--1244 

1.404 5.803 -·2099 -.1926 
lo404 8.704 ---2204 -.2047 
1-404 11·605 --2022 -·1 880 
1·404--i4.;-5o6 ---;;.; i6-79 -;.:~T55o 

. ------~----------·· - ----- ·--··-·----· 

LOG FWW tOG FYYTtiG FW -LOG FY 
-.7966 --9234 -1·2583 -1.3745 

• 7966- .;..-.92-34 -;;;-~-3':f5o - .;..-~-4-7£4-

-.9109 -1-0494 -1.3157 -1-4473 
-.9109 :;1--;-(f494- ---;;5o6I--.;;. .6·5-1:5 
-.9106 -1.0572 -1-2561 -1-4038 
:.:...9to6 -;.;r.-os12 .: . .-~5651 -~·t1o6 

-.8656 -1.0190 -1.1511 -1.3159 

LOG FK 
-.7S66 
- .910<; 
-.stoo 
-.8656 
-.7<;74 
-.3184 
-.4271 
-.4401 
-o414C 
-.3697 
-.1411 
-.2099 
-.2204 
-.2022 
- o167<; 

FK FM 
.160 oll9 
-123 .089 
.123 .o88 
• 136 .096 
o15<; .uo 
.480 o478 
.374 .364 
o363 .349 
.385 .368 
·427 -407 
.723 • 751 
• 617 .642 
.602 .624 
o628 .649 
o679 .700 

FW - - FY 
.ass .o42 
.. 46"2 .337 
.048 ·036 ·· · -- •· :rr2 ··· .·22"J- ·- ----- --·····---
• 055 •. 039 
• 27 2 .195 
.on o048 

' ' 



-66"" 

-.8656 -1.0190 -.5802 -.7222 .2(:] 

5 559.680 10000·000 -.7974 -.9572 -1.0225 -1.2062 • oc;s 
-.7974 -·9572 -.5723 -.7083 ·268 

6 73<;.680 2000.000 -. 31:14 -.3207 -.5784 -.6086 • 264 
-.3184 --3207 -.0583 -.0327 .874 

.7 73G.680 4000.000 -.4271 --4367 -. 6709 -. 7135 ·213 
;...4271 -.4387 -.183<! -.1639 .656 

£; 73<;.680 6000.000 -.4401 --4567 --6464 -.6951 • 226 
-.4401 -.4567 .-.2337 -·2183 • 584 

c; 739.680 8ooo.ooo -.4149 -.4343 -.5792 -.6300 eU4 
-.4149 -.4343 -·2506 - .• 238o .562 

10 739.680 10000.000 -.3697 -.3905 -.4903 -. 5.413 ·323 
-.3697 -.3905 -·2491 -.2397 .564 

11 <;1<;.680 2000.000 -.1411 -·1244 -.2642 -.2575 e544 
--1411 -·1244 -.0179 .oo88 .960 

12 <;1<;.680 4000.000 -.2099 -·1926 -.3560 -.3594 .441 
--.2099 -.1926 -.:.~o639 -.0259 .e63 

13 <;19.680 6000.000 -·2204 -·2047 -. 3472 -.3576 ·450 
--2204 -.2647 -.0937 -.0.517 .806 

14 919-680 sooo.ooo -.2022 --1880 -.2999 --3149 .501 
-.2022 -.1880 -·1044 -.0612 .7e6 

15 919.680 10000.000 -·1679 --1550 -.2331 -.2507 • 585 .. 
-.1679 --1550 -.1026 -.0594 .790 

NG T p TR PR HT SR 
1 559.680 2000.000 .855 2. 901 -5.6091 -4-5479 
2 559.680 4000.000 .855 5.803 :::s·. 5314 .;.;4. 8734 
3 559.680 6000.000 .855 8.704 -5.4416 -5-1711 
4 559.680 sooo.ooo • 85.5 11· 605 -5.284 7 -5.3897 
5 559.680 1oooo.ooo .ass 14 •. 506 -5.1889 -5.6594 
6 73<;.680 2000.000 1.129 2.901 -3·0106 -3.3374 
7 739.680 4000.000 1·129 5-803 -3-2950 -4.0432 
8 73<;.680 6000.000 1el29 a. 7.04 :...3.2857 -4.3979 
c; 739.680 8ooo.ooo 1.129 llo605 -3-1778 -4.6293 

10 739.680 10000.000 1·129 14.506- ..:3.0261 -4.8014 
11 <;1<;.680 2000.000 1e404 2.901 -1.3602 -2.1390 
12 c; 1<;;;680 4000.000 1.404 

.. -
s~so3· - i-. 9824 -3.2971 

13 919.680 6000.000 le404 8.704 -2.1324 -3.8249 
14 'H9.68C aooo.ooo le404 u;;oos - -2·1290 -4.14.75 
15 919.680 10000.000 le404 14.506 -2.0601 -4.3777 

. - .. -·-·- --. 

MOLE FRACTIONS .. , .. __________ --------------- -------·- -- ----- --------· . 
-o .;9occ ~i<fifo · 

ti-l PM -- - --TM 
743.528451 571-298732 ·274060 ---------- ·-·· -- --· -------------······· .. ---

H P TL OT OP 
-o 3- s ·· 559.6aoooo iao.oooooo-zooo~oooooo 

NC 
1 

f 
559.680 

P - --- tiC--- PR-- -----ziC ---- Zi~-- - .. ----COG FK 

2000e000 e753 3e501 e550 e487 -1·1667 

e190 
.062 
.196 
·246 
.927 
.193 
• oRb 
·202 
.605 
• 234 
.sT• 
·28!3 
.57o 
·553 

1· 02\.l 
.437 
.942 
.439 
.88a 
.434 
.869 
.561 
.872 

. ···-· ---------

- I 

···--·-----1 
! 

------------------~-------------------------



<; 

~ 

_h 

2 
3 
4 
5 
6 
7 
8 
<; 

~io 

11 
12 
13 
14 
15 

NC 
1 
2 
3 
4 
5 
6 
7 
8 
'l 

10 
11 
12 
13 
14 
15 

NG 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

559o680 
559.680 
559.680 
5 59o6 80 
739~680 
7 39.680 
739.680 
739.680 
~?39o68Q 
S19o680 
919.680 
919o680 
S19ob80 
Sl'lo680 

T 
559.680 
559.680 
~59.680 

559.680 
559.680 
739.680 
739.680 
739.680 
739.680 
739.680 
919.680 
919o68C 
919.680 
91<;~68C 
<; 19.680 

T 
559.680 

559-680 

559.680 

559.680 

559.680 

73<;.68C 

739.680 

73'l.630 

739.690 

739.680 

4000o000 
6000.000 
8000.000 

1 oooo. 000 
.2ooo.ooo 
4000.000 
6000.000 
8ooo.ooo 

1oooo.ooo-
2ooo.ooo 
4000.000 
6000.000 
80oo.ooo 

10000.000 

p 
2ooo.ooo 
4000.000 
6000.000 
8ooo.ooo 

10000.000 
2000.000 
4000.0u0 
6000.000 
8ooo.oou 

10000.000 
2000.000 
4000.000 
6000.000 
aooo.ooo 

1oooo.ooo 

p 

2000.000 

4000.000 

6000.000 

aooo.ooo 

10000.000 

2000.000 

4000.000 

6000.000 

80oo.ooo 

1 oooo_. ooo 

-67-

o75~ t~oo.2 ia04~ .933 -1.2350 
a753 10•?~(1_2~~ __ lo5_2J la352 -1.1872 
o 753 .14o003 1a982 1o 752 -1o0945 
a753 17a504 2o432 2o137 -.9783 

- ~-995-3. s-o-1---~--:532-~- -~ ~-~474--.:~~ffai ____ -
o995· 7o002 o9Jl o885 -.6249 
o995 10o502 lo304 1o274 -.6061 
o995 14o003 1o66?. 1o644 -.546? 
o995 17o504 2o009 1o999 -.4663 

lo237 3o501 ~•_632 _o(>l~ -.;258_2 
1o237 7o002 o911 o887 -o3335 
l-237 10•~50_2 lo20.6 lo ~85 -.3248 
1o237 14o003 1o494 1o478 -.2818 
1o237 l7o504 1o775 1o764 -·2208 

TR PR LOG FK LOG FM 
.753 3.5cfl -1.16-67'- - -~9619 
.753 7.002 -1-2350 -1.0562 
.753 Yo.5-cf2 -i.u\72 -1.0332 
o 753 14o 00_3 -1.0945 -• 9652 
• 753-'17~564-~ --~9783- -=.8743 
.995 3.501 -.5382 -.5878 
o995 7o002 -.6249 -.6905 
.995 10.502 -.6061 -.6785 
.995 14~00~ -~546i ~.b2.2i 
.995 17.504 
i~z37 ·3.561 
1.237 7.002 
1.23? 10~502 
1o237 14o003 
1.237 17.504 

LOG FWW LOG FYY 
-1.1667 -.9619 
-1.1667 -..:..96i9 
-1.2350 -1.0562 
-1-2350 -1.0562 
-1ol872 -1.0332 
-1-1812~ -1~0332 
-1.0945 -.9652 
-1-0945 -.9652 
-.9783 -.8743 
::.-~9763~ ---=--.;8?43 
-.5382 --5878 
-. 5382 - .• 5878 
-·6249 -.6905 
-.6249 -~6905 
-.6061 -.6785 
- .6()6-1 --6785 
-.5467 -.6221 
-._546 7 -.6221 
-.4663 -.5431 

_-::-•_4663 --5431 
-·2582 -·2523 
-. 3335 -. 3341 
-.3248 -.3294 
-.2818 -.2888 
-.2208 --2291 

LOG FW LCG FY 
-1.2594 -1.0880 
-~:B2d ol728 

-1.3160 -1-1788 
- -·5056 -- o0475 
-1.2564 -1·1522 
-~5643 .0370 

-1.1518 -1.0802 
-.5788 .0693 

-1·0236 -.<;850 
~-

=-.5701 -.; 1222 
-.5950 -.6504 
-.0267 -.0244 
-.6748 --7441 
-.1754 --2084 
-.6473 -.7230 
~_--.;2309 -.2776 
-.57°7 --6579 
--2495 -.3000 
-.4905 -.5704 

FK 
• 068 
.058 
o065 
.o8o 
o105 
o290 
• 237 
o248 
• 284 
.342 
~ 552 
·464 
.473 
.523 
.601 

FW 
.055 
.465 
.048 
• 312 
.055 
·273 
• 071 
• 264 
.095 
• 269 
.254 
• 940 
• 211 
.668 
·225 
.588 
·263 
• 563 
.323 

FM 
o109 
• 088 
.093 
·108 
o134 
·258 
·204 
·210 
·239 

-. 2 96 
o559 
.463 
.468 
o514 
.590 

FY 
.032 

1-489 
-066 

1o116 
o070 

1o089 
o083 

1o173 
o104 

1o325 
·224 
o945 
o180 
·619 
·189 
.528 
·220 
• 51)1 
·269 

! 



11 

12 

13 

14 

15 

-NC.-
1 ----------2--
3 
4 
5 
6 
7 
s 
c; 

Hf 
11 
12 
13 
14 
15 

919o680 

919.680 

919.680 

<;19.680 

919.680 

T 
559.680 
559~680 
559.680 
559.680 
559.680 
739.680 
739.680 
739~6 80 
739.680 
739.680 
919.680 
'71'io68Q 
'>19o680 
919.680 
919o68C 

-68-

.. -·- - -·--- ----- --- - ·-·- -·· ·- - ...---...;....._ 

- -- ~.-4663 ....; • 5431 -.2486 ;,..2970 - ~564 .5os 
2000.000 

4000.01:)_0 

6000.000 

8000.000 

10000o000 

p 
2000.000 
4cio<Y.-ooo 
6000.000 
8000~000 

10000o000 
2000o000 
4000.000 
6000.000 
8000.000 

10000.000 
2000o000 
4000.000 
6000o000 
aooo.ooo 

10000·000 

-.2582 -.2523 -.2915 -.2889 o51l o514 
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